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QUL Overview
* In high energy physics, most proposals have very long
timescales

* |n nuclear physics, there is a lot of activity and the timescales
are shorter

— China: HIAF
Note: s alph '
— Europe: FAIR ote: order is alphabetic
no priority is implied and
— Korea: KOMAC, RAON no bribes were accepted

(or even offered)!

— Russia: C-Tau, NICA
— United States: e-RHIC, FRIB, JLEIC

* |n most cases, | received more information than | can pack into
this talk

— The online version has all of the information | received, including
some detailed information regarding upcoming orders

AMICI Second Industrial Forum 2



High-Intensity Heavy lon Accelerator Facility-HIAF

HIAF: One of 16 large-scale research facilities proposed in China in order to
boost basic science, next-generation high intensity facility for advances in nuclear
physics and related research fields.

The HIAF project:

- Proposed by IMP in 2009.

- Approved in principle by the central government in the end of the 2012.
The final approval was in the December of 2015

- Construction started in the end of 2018, early completion in 2025.

- The total budget of facility is about $400 million, including $160 million of local
government

Science motivations:

> High intensity radioactive beams to investigate the structure of exotic nuclei,
nuclear reactions of astrophysics and to measure the mass of nuclei with
high precision.

> High charge state ions for a series of atomic physics programs.

Quasi-continuous beam with wide energy range for applied science.

> High energy and intensity ultra-short bunched ion beams for high energy and
density matter research.



HIAF: Main accelerator components

SRing: Spectrometer ring
Circumference: 273m
Rigidity: 13-15 Tm
Electron/Stochastic cooling

Two TOF detectors
Four operation modes

These tunnels will be built in a cut and cover
method and will be filled with 5 m overlay of
soil. This conforms to the requirements of
radiation safety.

72 Circumference: 590 m R

Rigidity: 34 Tm

Large acceptance (250/120) \
\ Two planes painting injection

SECR
Cl e E—i

b1

1Linac

iLinac: Superconducting linac SECR:
Length:100 m

Energy: 17-22 MeV/u(U%+45+) — Superconducting ECR source




HIAF: Present status

Details of technical design has been finished and most of hardware
systems are under production.




Present status

HIAF

and the early

bout 7 years,
in the end of 2025
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The FAR Project

Realization of the world's unique particle accelerator facility in Darmstadt

September 2019



FAIR — The facility F‘\'R === 1L

. Ring accelerator
* Ring accelerator [ SIS100
Linear accelerator ~/ / '/‘ <> N \
, J N A

&7
w / / Production
f lei
3 of new nuclei
J
100 meters Antiproton ring ‘ / Production

of antiprotons

/
Intensity / ’ /

Precision Experimental and .
rin storage ring Collector
Storage rings e

FAIR GmbH | GSIGmbH

Existing facility

Planned facility

Experiments



Overview of technology

Credit: Babcock Noell

FAR G

Superconducting magnets: for strong
and rapidly changing magnetic fields
with maximum field precision

Sophisticated cryotechnology: Use
of liquid helium to cool down to 4
Kelvin (-269°C)

Ultra-high vacuum: 10'5times below
the earth’s air pressure

Development and construction of
cryo-collimators with special coatings



FAR =

“Technology needs

1500 1000 1500

magnets power supplies vacuum
Worth 200 M€ worth 30 M€ chambers
worth 20 M€

Of which 600 are superconducting
Please visit our procurement website:
www.gsi.de/start/wirtschaft industrie.htm

Additional slides are attached with detailed requirements and contract signing dates
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Korea Multi-purpose Accelerator Complex (KOMAC)

B National User Facility: Intense Proton & lon Source for Basic & Applied Research
@ High-Power Proton Linac (100MeV, 20mA, Proton Source) under operation
9@ 1 GeV, 2MW Upgrade (Spallation Neutron Source) under R&D study
B 100MeV Linac developed through Proton Engineering Frontier Project (2002 —2012)
B Funding: 300M USD (Government (57%), Local Gov. (39%), & Industry (4%))
B Lead Institute : Korea Atomic Reseaech Institute (KAERI)
B KOMAC Operation as one of branches of KAERI (2013~)

KTX Station
Daejeon«»:1:05hours
Seoul«;2:05h0urs

Reserved
(260,000m?)

Developed
(180,000m?)




Near Future Plan 1

+ Li-8 Beamline: 100-MeV Proton

@ Application : Li-8 based -NMR
@ Proton beam
= Energy: 100 MeV
= Beam Power: 1 kW @ 100 MeV
= Li-8 lon Production: 1x106 pps
= Target: BeO
@ Status : Prototype development (2017~)

@ Plan : High power target ion source, B-NMR facilities

108
target ion gouree

!
Target &
Ionization |

p-NMR Facility ™™ 1|y

' Laser for
potasiation ]
d

| RF coil

n
1
\
BO: External DC magnetic field | - oL Wi

B1: RF magnetic field ’

7 \
S: Sample ! !
D: beta detector | Low Field i
\\ Spectrometer | ; 8Lj+ (Polarized) I,
High Field
Spectrometer ~

M: External magnet pole
Layout plan for B-NMR facilit

Temperature (°C)

Prototype target ion source heating test
SIS heationg current (A)

0 100 200 300 400 500
2200 - 1 4 *
I—=— Target heater s ]
2000 +4—e— Surface ion source / 1
1800 /‘ ) .
1600 ? r
_u 1
1400 ~ ~ P
= ‘
1200 - o~ T T —
1000 ,/":'5 ‘
i ol | ]
800 _/' =~ - T T =

400 600 800 1000 1200 1400
Heater current (A)

Heating current vs. temperature



Near Future Plan 2

+** Pulse Neutron Beamline: 100-MeV Proton

1.00E+10

@ Application : Fast neutron production
@ Proton beam
= Energy: 100 MeV
= Beam Power: 1 kW @ 100 MeV (upgrade 160 MeV)
= Target: Copper (plan to change to W)
@ Status : Neutron utilization @ 100 MeV, 1kW (2018~)
@ Plan : Accelerator energy upgrade, target improvement,
neutron facility

Flux (En>10 MeV)
= 3.5 x10% n/cm?/

1.00E+09 |

Neutron Flux calculated
based on Beam Current [n/cm?)

1.00E+08

1.00E+08 1.00E+09 1.00E+10
—] #
_ :u:;o MeV » 1.0E-03 SONELE A Neutron Flux calculated

- - )
— E220MeV by using Neutron Monitor (n/cm2)

Neutron target Measurement results

1.06-04 Energy upgrade

Short pulse injector
Neutron target

180 100 MeV

1.0E-05

Long pulse injector

o
Differential Neutron Fluence (#/eV)
,
3
s
<
312
=a

*LOE_UB PR PR hddiiinl P
0.1 1 10 100 1000
Neutron Energy (MeV)

ama 100 MeV Beamlines 20 MeV Beamlines

* Gordon et al, IEEE Trans. Nud. Sd. 51 (2004)

Angular distribution of the neutron Neutron spectrum compared with Layout plan of the pulse neutron source
the ground spectrum



Future Plan

s Upgrade to 1GeV, 2MW proton linac, two pulsed neutron sources

» Reflected in National Large Research Facility Road Map (2010 & 2012)

] .

= Upgrade Plan

. 1 GeV, 2 MW SRF Linac

:

|

u

: ) Bedlh Lines Beam Lines

: TS . . "

. B Included in a National Facility Road Map (2012)

ﬂeLong Pulse orttuse *1 GeV, 2 MW SRF Linac + Pulsed Neutron Sources (LP + SP)
utron Source Neutron Source

@ Neutron Sources: Materials, Bio-life, Energy, Environment, etc.
» Long Pulse (1.3 ms): Spatial resolution: pym~nm, Temporal resolution: us~ns
» SANS, Holography, Phase shift interferometry, Static & Dynamic tomography, Spin echo, etc.
= Short Pulse (~ps): Spatial resolution: 0.01~10 nm, Temporal resolution: ns~fs

» Elastic scattering, Diffraction, PGAA, Neutron resonance transmission, Neutron resonance capture
analysis, Neutron spectroscopy, Neutron stimulated emission CT, etc.




. Rare isotope
Accelerator complex for
ON-line experiments

Overview of
The Rare Isotope Science Project

(RISP)

FOIR7157 | UL SAYE
Rare Isotope Science Project




1. Overview RAON Layout

.. Control
~ Center

Utility

HPMMS/

B SCL1 has been decided to be pended
: SCL3 is going to be taking a role of SCL1 in the early operation

[
S 1z netaze 16-

Institute for Basic Science




2. Construction ﬁ Building Layout

L

J Building Layout

— -

Campus Area : 952,066 (including the reservation area of 144,640m1)
Period : 2014 ~ 2021(8 years)

Cost : 972 billion won (incl. 357 billion won for land)
Building Area : 76,259 n1(11 Bds)

Total Bd. Area : 116,252 T

Constructor : POSCO Consortium(11 comparrlries)'?‘?

Info. Center

S

Assembly Bd.

SRF Test Bd.

High Energy B

IF Separator / High
Energy A

Cryogenics Bd.

Low Energy A,B

Control Center

1S 21z etz

Institute for Basic Science

Utility Bd.

Electricity Bd.

_ r‘r
- §
Rare Isotope
Science Project
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SCL1&3(HWR) .

ex__ Injector

SCL2(SSR1)

SCL2(SSR2)

7y -
R

L )

a“fﬂﬂ”ﬂ";‘k
Bending
e, | Section

7| X oA

Institute for Basic Science

Cyclotron

-18 -

=~ _ow | IF System

200-400 Me\

Rare Isotope '
Science Project



OO LG Rl & Experimental System

Bio-medical facility

1

Neutron Facilit

Low Energy
Exp. Bldg

L

High
Energy
Exp. Bldg

Moz AEAS FEL gt

Solenoid  pisole magnet S R
v e N | M
.U -0 FS: dispersive focal plane ks
2 KOBRA AT PP s
. ‘Wien filter 1 00V provon Quadrupole triplet
F3
1 < .
| = Al
S \ TOIA K| ABAS
5 \ 4
T
7 / ocal-plane detector
@D <
F1: dispersive focal planc —— .
— ™
Curved-edge bending magnet (D1) - 1 23
o
Beam . "
N Dipole Neutron
A Quadrupole
Scntillation 4
Counter  Solenoid

X 6k o i %
1 1= 0ol -19- e o
Institute for Basic Science Science Project



1

Summary & Outlook

= Accelerator

*  Mass production for SCL3 is under way

« SCL2 is under pre-production phase

From April, 2019, installation for SCL will start from SCL3

« Test facility for cavities and cryomodules will operate from next Jan.

= By the end of 2021, we will achieve

« Sl beams: Stable ion beams (60, 4%Ar) from ECRIS - SCL3 - low E exp hall
* Rl beams: RIBs extraction from ISOL - re-acceleration through SLC3 - low E exp hall
« Stable / Rl beams will be delivered to low-E experimental hall
« Early phase experiments are going to be performed using KOBRA
- RIBs production at KOBRA (A<~50, beam energy < 20 MeV/u) using SI beams from SCL3

* Beam commissioning starts for SCL2

« Installation and commissioning for IF, LAMPS, Neutron, bio-medical and muSR
- Collaborative works with RUA (RAON Users Association) via RULC (RAON Users Liason Center)

= Post RISP (2021 ~ )

 Beam acceleration for ISOL - SCL3 - SCL2 - IF (ISOL+IF)

«  Beam commissioning and experiments for IF, LAMPS, Neutron, bio-medical and muSR
« Ramping-up to get the 400kW beams (more 5 yrs)

«  Energy upgrade to 400MeV/u (require budget)

X ptot o & ‘
J|Z= 0S4t -20- e o
Institute for Basic Science Science Project



SCT Project
Overview

Pavel Logachev



What is SCT?

Super Charm-Tau factory is a BINP-based
electron-positron collider project

> World-best luminosity 103> cm™?s~1 in the energy range
between 2 and 6 GeV with longitudinal electron beam
polarization

O Rich program of high precision measurements of weak
and strong fundamental interactions in the region of
charm quark and tau lepton

WG — damping wiggler

SS — Siberian snake

in particle accelerators and colliders technologies *
RF — RF cavity

0 Based on replacing and upgrade of existing BINP .~ .-
facilities: VEPP-2000 and VEPP-4M colliders, and - Eelrgs “’
electron and positron injection complex BINP¥\



—100

-120

SCTConfiguration and Parameters

2019 Status

O Double-ring collider

0 Max beam energy 3 GeV

0 Crab Waist collision

O longitudinally polarized electrons

* Three Siberian Snakes

[ iemitsithetunnel e @ P
NG M

C \ ; : ; i right :
I — [ 478Y N\
— N [20 (mrad) 60

B B'x/By (cm) 5/0.05

— 8Y/sx(%) 0.5

B Ebeam (GeV) 3 2 1.5 1%

B 1 (A) 2 |22 | 22 1

I " | Nbunch 160 | 420 | 490 490

B &2 (nm) 11 7 8.8 14

N Lpeak (cm2s1)x10%> | 2.0%| 1.3 | 1.0 0.7 5 5
[ “~ D nitial proposal of 2006 had 800 m orbit length =~ f v
- 2)1BS included

- - 3 Luminosity includes hour-glass‘ ------------------

B 4 Two wigglers with By=3.5 T suppress IBS

| I | 1 1 | 1 1 | 1 | l_i_ | T 1 1 1 _]—I 1 1 1 1 | i 1 11 | | I
80 60 40 -20 0 20 40 60 80

71



Beam dynamics and polarization

25.00 T r T . T T T 21.00 =100
S Ox Qv Si D 1 t Theam S
S— x 0 [ 50.95 ynamic aperture 3 50 e .
. - o .
90 - : . L s : . ‘ ©
24.90 Bandwidth +1.3% [ 20 +16 o0,, 90 gy 80 .. e
24.85 1 5 - 20.85 6,=2.3e-005 m, 6,=1.6e-007 m, 6,=9.7e-004 ° o o
o
24.80 1 L 20.80 T T o= P T 60} 5 .«
F M. . H H H . . ©
24.75 - L 20.75 i ¢ %0 see g s . . o
| 80...2 ....... s ....... 3 .....‘.'.'.i."“‘: ....... : ..... Q & ® [ ]
24.70 1 - 20.70 L ! eeedeoe: : : 40+ i ' Py .
i )60:3 ....... E ......E......‘.....éo.....g ....... § ..... ° L
24037 (0P 1S E lesdestesiens Polarization degree o
24.60 4 - 20.60 4OHr i 8 @0 0 0 @@ i 20 ! ! .
p: ‘e eceed0ociee e : ¢
Gl (2099 1 afiiesie g e eioe e i ® 1 SSnake ®3 SSnake @5 SSnake
24.50 SRS - 20.50 [} @ veiee bovis v de : 0 1 A
h . [ 0idioioloroidiooloordoelon
0.020 0.005 0.010 1peidieieieiopioisloiepioele 1.0 15 2.0 25 3.0
dp Xlo, E, GeV

v All essential beam physics issues are considered
= optics, nonlinear beam dynamics, longitudinal polarization, IBS, etc.

v No showstoppers revealed \JV
BINP —\



Project Status

* Draft Conceptual Design Report is available at ctd.inp.nsk.su
« Cost estimate: 37B RUB (about $560M)
« Construction period: 6 years

 Approval status
» SCTis one of six mega-sciences projects selected by Russian Government

» CTproject is included in the plan for the implementation of the first phase of the
Strategy for Scientific and Technological Development of the Russian Federation

« Officially supported by ECFA
» R&D for accelerator and detector underway

* International collaboration around the SCTexperiment is beingformed

» MoUs with CERN,KEK INFN, JINR, John Adams Institute, etc. aresigned
 Annual international workshops are being held
» HORIZON 2020 project CREMLINplusin collaboration with CERN,INFN, LAL, and Giessen U.

» CThas been well-recognized at the Open Symposium on the Update of European Strategy v
BINP =5\\

for Particle Physics (Granada, Spain)



NICA (Nuclotron based lon Colider fAcility

Main targets:

- study of hot and dense baryonic matter
at the energy range of max baryonic density

- Investigation of nucleon spin structure, polarization phenomena

Ny 2 P Uss - S %
/ / . # ) e o
— —= - . s S
g : =, e . o\
- / S s - O = g |
v \ p e 32 ; e .
s o = !
r rj s - — = — 4 \ = 1 Y
A > | / \ T : -
" p \ I i
.‘"- v 4 1 | /'/ ““ o s < » E: = 1
pe— , 3 "X, .
A y < / \ | Ll J
Y ' \ \ /A o 24 3
R ‘ | | i y F -
\ \'\ | A l'\ ) g Tt 37
\ o | | b X ®
9 R | L % N =
| \ A S NN N
‘ ‘ | * \ye A4 )

‘ elerator facility for HEP @ JINR : construction of h
collider of relativistic ions from p to Au, polarized protons and deute-
rons with max energy up to \Syy= 11 GeV (Au*) and =27 GeV (p)

“ NUCLOTRON BASED ION COLLIDER FACILITY




experiments at NICA

BM@N (Detector)
Extracted beam

‘ y
\I
B

Injection Complex

s~ AN =zp i
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The Collider

45 T*m, 4.5 GeV/u for Au7°*

(56) (56) (75

RF21  RF31 RF11 :
4 B M ot % I
ey T T ||l| Illll- SPD === &} L RET Y s
Ring circumference, m 503,04 P &
Number of bunches 22 |
r.m.s. bunch length, m 0,6
| 0,35

bm

max. int. Energy, Gev/u

11,0

r.m.s. Dp/p, 1 Of

IBS growth time, s

Luminosity, cm? s

RFE22 RF32 RF12 ';gf MPD

I " [4] /4] - ! .

e 4y g o I i =
Double aperture magnets: x> e K[2\1n[<2]L ECool
. [6]
dipole & quadrupole BUmp2: & %
prototypes Au(+79) ion mode g

28




Baryonic Matter at Nuclotron (BM@N)

experiment at Nuclotron extracted beams
BM@N Collaboration:

Bulgaria: Plovdi
China: Tsinghua ‘ '

Poland: Warsaw Feetr U;
Israel: TeIAvi Joit

Germany: Fraf,
USA: MIT //

L Physics:
v strange / multi-strange hyperon and hypernuclei production at the threshold
v hadron femtoscopy |
v' short range correlations
v event-by event fluctuations
v in-medium modifications of strange & vector mesons in dense nuclear matter
v electromagnetic probes, states decaying into y, e (with ECAL)

29 23



MultiPurpose Detector (MPD)  (NICA)

Main target:

- study of hot and dense
baryonic matter at the
energy range of max
net baryonic density

expression
of interest by:

\ N « CERN;
TPC .« DF, US, Mexico;
\_1pc*  ICN UNA; Mexico;
DF, CIEA del I.PN, Mexico;

MPD Collaboration: « FCF-M UAS, Sinaloa, Mexico,

* JINR, Dubna; « FCF-MB UAP Puebla, Mexico;
« Tsinghua University, Beijing, China; . Pl Az.AS, Baku, Azerbaijan;
* MEPhI, Moscow, Russia. + ITEP, NC KI, Moscow, Russia;
* INR, RAS, Russia; « PNPI NC KI, Saint Petersburg, Russia;
« PPC BSU, Minsk, Belarus; « CPPT USTC, Hefei, China;
» WUT, Warsaw, Poland; « SS, HU, Huzhou, Republic of South Africa.

30



MPD detector for Heavy-lon Collisions @ NICA

Tracking: up to |h|<1.8 (TPC) Stage 1: TPC, TOF, ECAL, FHCAL, FFD

PID: hadrons, e, g(TOF, TPC, ECAL)

Event characterization: Stage 2. ITs + Endcaps (tracker, TOF, ECAL)

centrality & event plane (FHCAL)
Bo=0.66 T control dewar |
weight , TOF
~ 900t

; 5 |
.. l /
trim coill /4 I : I
G w ..-47:.-;,-:&" y I ‘ I ;: E
| I - I FFD
I |
o J

A | Cryostat
General contractor:
ASG Superconductors, Status: fechnical design — completed / close to
Genova, ltaly completion; preparation for the mass production

31



(NICA)

NICA schedule

2015

2016

2017

2018

2019

2020

2021

2022 | 2023

Injection complex
Lu-20 upgrade

HI Source
HI Linac

Nuclotron
general development
extracted channels

Booster

Collider
Startup configuration
design configuration

BM@N
| stage
Il stage

MPD
solenoid
TPC, TOF, Ecal (barrel)
Upgrade: end-caps +ITS

Civil engineering
MPD Hall
SPD Hall
collider tunnel
HEBT Nuclotron-collider

Cryogenic
for Booster
for Collider

32

running time

32



 EIC Accelerator
Overwew and R&D

Ferdlnand Wllleke BNL
EICUG Annual Meeting, Paris 2019,
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Requirements on EIC Performance

The EIC is designed to meet the requirements set forth in NSAC Long Range Plan, which
was emphasized by the NAS report:

Highly polarized (~70%) electron and nucleon beams

lon beams from deuterons to the heaviest nuclei (uranium or lead)

Variable center of mass energies from ~20 - ~100 GeV, upgradable to ~140 GeV
High collision luminosity ~1033 — 1034 cm2s!

Possibilities of having more than one interaction region

Electron lon Collider,



There are two proposals:

JLEIC to be constructed at Jefferson Lab
eRHIC to be constructed at Brookhaven National Lab

Both design benefit from existing Nuclear Physics infrastructure and are based on
the same accelerator principles:

Electron Storage Rings with frequent injection of fresh polarized beams
Hadron storage rings with strong cooling or alternatively frequent injections

Electron lon Collider,



eRHIC

Ton
% ectron
P ers  41GeY Arc & . Source

_“ j};_,.-.:s_ | \ Eloctyon Eagler P;lfmd
Hadrons up to 275 GeV = | e

|||||||

eRHIC is using the existing RHIC complex:
Storage ring (Yellow Ring), injectors, ion

sources, infrastructure,
Need only few modifications for eRHIC

Todays RHIC beam parameters are close
to what is required for eRHIC

Electrons up to 18 GeV

Electron storage ring with up to 18GeV =» E_, =20 GeV -141 GeV installed in RHIC tunnel. Beam
current are limited by the choice of installed RF power 10 MW.

Electron beams with a variable spin pattern accelerated in the on-energy, spin transparent
injector: Rapid Cycling Synchrotron with 1-2 Hz cycle frequency in the RHIC tunnel

Polarized electron source and 400 MeV s-band injector linac in existing tunnel

Design meets the high luminosity goal of L =103%*cm2s

Electron lon Collider,



eRHIC Strong Hadron Cooling

Coherent Electron Cooling with u-bunching

Electron Beam Optics

P - .
Ty LINAC Modulator Plasma Plasma Kicker

.o o ERL Section Amplification Amgiification Section
amplification S Sy R - - N
05¢ i
{mm] | [
“ ‘ L S
RS6
compensated V
bend p-Bunching Chicanes ‘
- 05}
Hadron Chicane
R56 + pathlength
shifted s.c. adjustment shifted s.c. s
arc dipole arc dipole ) 100 200
path length [m]
adrupole
quadrupole qua
triplet I I | l triplet
I | <= hadron beam l
I I ~«<—— electron beam l l
] [T
Kicker 14 Ap Modulat_or
section Amplification channel with bunch compressor chicanes section
i ny ERL e-Source
quadrupofe Iy SS s Se et e ]
| —
triplet l I I I l l l I I I l . I N

Electron return

quadrupole
triplet l

| Straight Section IR-2 L= ~200m

Micro-bunched cooling is a novel scheme based on available technology

For eRHIC, strong cooling as desirable but not necessary for high luminosity (especially high average luminosity) as the
hadron beam could be replaced frequently on-energy using the existing second ring of present RHIC. As the JLEIC

scheme, this option requires electron cooling at low energy.




Alternative to Strong Hadron Cooling in eRHIC

eRHIC maximum luminosity of 1:103* cm™s* does not depend on the feasibility of strong
hadron cooling.

Since RHIC has a second superconducting ring, the Blue Ring, on-energy injections into the
collider ring, the Yellow Ring will replace the hadron bunches after one hour of storage.
Transfer takes 13 us and will preserve the total charge in both machines, no transient injection
effect.

Kicker Kicker Kicker

Blue Ring
_ g

The emittance grow_ __ p——— 2 P e __»_ Iminosity of 0.9:103%* cm-

25-1 will be achieved.

The required small vertical emittance €y,= 0.5 um will be achieved with standard DC electron
beam cooling in the AGS.
No new hardware for spin transparency is required

o

Electron lon Collider,



On-Going EIC R&D Effort

Component Development

Crab Cavity design development and prototyping
IR magnet development and prototyping

HOM damping for RF structure development
Variable coupllng high power forward power couplers developn.c.ie e
Effective in situ Cu coating of the beam pipe (BNL hadron only) Instrumented accelerator magnet
High average current electron gun development
Polarized 3He source

Bunch by bunch polarimetry

20 18 16 1.4 1.8 1.0 0.8 06 0.4 0.2 0.0
[BI(T)

Ym _Ses2s8esiet

Accelerator Physics R&D
Strong hadron cooling CeC, cooling development (simulation and experin °
Strong hadron cooling bunches electron beam cooling (simulation and ex
ERL development for strong hadron cooling

Test of suppression of intrinsic depolarizing resonances

Study of collisions with different revolution frequencies (JLAB only)
Experimental verification of figure-8 configuration

Study of residual crab cavity effect on beam emittance o L1z e AN

3
2
1 ¢
’

oy o
2

= T T r T T r T =3 T T T T T
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Crabbed beam dynamics
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FRIB

FRIB Project Overview

MICHIGAN STATE R U.S DEPARTMENT OF | ()ffice of
UNIVERSITY ENERGY Scilere\c(e)a

This material is based upon work supported by the U.S. Department of Energy Office of Science under Cooperative Agreement DE-SC0000661, the State of Michigan and Michigan
State University. Michigan State University designs and establishes FRIB as a DOE Office of Science National User Facility in support of the mission of the Office of Nuclear Physics.




Facility for Rare Isotope Beams
A Future DOE-SC National User Facility

* Funded by DOE-SC Office of Nuclear
Physics with contributions and cost
share from Michigan State University

:
‘‘‘‘‘‘‘

u Serving over 1,400 USersS Experiments with fast, stopped,

and reaccelerated beams
= Key feature is 400 kW

beam power for all ions _ S %f
(e.g. 5x1013238U/s) ’ "

= Separation of isotopes
in-flight provides
» Fast development
time for any isotope

* All elements and
short half-lives

 Fast, stopped, and reaccelerated beams ‘
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400 kKW
superconducting RF
""i linear accelerator

Rare isotope
production area and
isotope harvesting



Civil and Technical Construction on Track
FRIB Project 92% complete

June 2009 — DOE-SC and MSU sign Cooperative Agreement = $730M Total Project Cost (TPC)
September 2010 — CD-1 approved, DOE issues NEPA FONSI « $635.5M DOE outlay

August 2013 — CD-2 approved (baseline), CD-3a approved « $94.5M MSU cost share
March 2014 — Start civil construction

August 2014 — CD-3b approved (technical construction) = $306.6M contributions

December 2021 — Early completion . Outs.ide of project baseline

June 2022 — CD-4 (project completion) * Monitored for schedule and

Recent milestones performance, all critical items
complete

» October 2018 — First superconducting magnets installed in target facility
» December 2018 — Cryoplant 2 K coldbox commissioned
» April 2019 — Ar and Kr beams accelerated above 20 MeV/nucleon

9 August 2019

F R I B @‘ Facility for Rare Isotope Beams
Us.D t tof E Off f S
w Michlg?wagtr:tinugwe?:trs (SRR RS AMICI Second Industrial Forum, Slide 42



Successfully Delivering Technical Scope

Major technical procurements progressing well:

Accelerator Systems Experimental Systems
286 111

Major technical procurements

Cost $113.7M $24.2M
% Costed/committed 95% 82%
Accelerator Systems: Experimental Systems:

* Linac cryomodules (4 types) — 46 + 3 spares
* Cavities — 324 + 16 spares
* Solenoids — 69 + 5 spares
*  Room temperature magnets — 151
»  Superconducting dipole magnets — 4
+ Solid-state RF amplifiers (5 types) — 220 .
*  Cryogenic transfer lines — 49 - Remote handling gallery
*  Network switches — 164 « Target, beam dump, and wedge Warm iron qu
. get, P, g
* Room temperature magnet power supplies — 314 Cooling water processing loops — 2 o
«  Superconducting magnet power supplies — 278
* High voltage power supplies — 74
+ Diagnostics — 608 total devices
* Beam position monitors — 150
* Fast thermometry for beam loss - 24
« 4 Kand 2 K Cryogenic plants
* Radio Frequency Quadrupole
» Charge state stripper
* Low- and high-level controls
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* Preseparator magnets
» Superconducting dipoles — 4
» Superconducting cold iron quads — 4
» Superconducting warm iron quads — 5
* Room temperature magnets — 1

Large vacuum vessels — 3 Beam dump module

adrupole magnet

o BT,

SC dipole magnet

-
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JLEIC Overview

* Electron complex
— CEBAF as a full energy injector
— Electron collider ring (ECR): 3-12 GeV/c

* lon complex
— lon source, SRF linac: 150 MeV for proton
S
— Low Energy Booster (LEB): 8.9 GeV/c
— High Energy Booster (HEB): 13 GeV/c
— lon collider ring (ICR): 200 GeV/c

hteraction * Up to two detectors at minimum background |
gpoint ocations

» 20-100 GeV CM, Upgradable to 140 GeV CM
\ 242100500 CM, Upgradabiatai g 6e)

High Energy
Booster
(13 GeVi/c)

'On "na G
(150 Me

mnergy

100m Booster

(8.9 GeVic) Electron co
Electron s (3-12 GeV

source

12 GeV CEBAF
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Magnets, Kickers, BPMs - Summary

Element Type Electron Complex lon Complex
Length of Beamline 2,669 m 5,416 m
Dipbole Maanets Normal-Conducting 369 252
P 9 Superconducting - 258
Normal-Conducting 515 394
Quadrupole Magnets Superconducting 6 196
Normal-Conducting 148 48
Sextupole Magnets Superconducting - 56
Normal-Conducting 321 164
Correctors Magnets Superconducting - 55
Solenoids Magnets Superconducting 10 6
Kickers Normal-Conducting 2 6
BPMs 321 337

T

- 46 -
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Accelerating and Bunching — Summary

# Cavitie Cavities  Fwd Pwr per

per unit cavity (kW)

Electron Collider Ring Acceleration — Normal Conducting 16* 1 500**
Acceleration — SRF 12 4 600
Crab Cavities — SRF 6 3 40
Low Energy Booster Acceleration/Bunch Control 3 1 50
High Energy Booster Acceleration/Bunch Control 7 1 100
lon Collider Ring Acceleration/Bunch Control — Normal 3 1 120
Conducting
Bunch Control — SRF 26 4 120
Crab Cavities — SRF 24 6 30
Electron Cooling DC Cooler (LEB) 1 4 50
’ DC Cooler (HEB) 1 1 50
Bunched Beam (ICR) — ERL 15 2 50

*j"-gEP-II Cavities and HPAs

i - .ggj/fegon Lab



Qi Thanks

All the information presented was provided by my
generous collaborators

— Sonia Utermann, GSI, Germany
— Pavel Logachey, BINP, Russia

— Hongwei Zhao, IMP, China Tycl)\{}.K
— Won Namkung, PAL, Korea 5®@?

— Alexander Kovalenko, Dubna, Russia
— Paul Mantica, NCLS, USA

— Ferdi Willeke, BNL, USA

— Tim Michalski, Jefferson Lab, USA

Thanks to all of you!
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i Additional Slides

Here is all the information sent by my collaborators
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High-Intensity Heavy lon Accelerator Facility-HIAF

HIAF: One of 16 large-scale research facilities proposed in China in order to
boost basic science, next-generation high intensity facility for advances in nuclear
physics and related research fields.

The HIAF project:

- Proposed by IMP in 2009.

- Approved in principle by the central government in the end of the 2012.
The final approval was in the December of 2015

- Construction started in the end of 2018, early completion in 2025.

- The total budget of facility is about $400 million, including $160 million of local
government

Science motivations:

> High intensity radioactive beams to investigate the structure of exotic nuclei,
nuclear reactions of astrophysics and to measure the mass of nuclei with
high precision.

> High charge state ions for a series of atomic physics programs.

Quasi-continuous beam with wide energy range for applied science.

> High energy and intensity ultra-short bunched ion beams for high energy and
density matter research.



HIAF: Main accelerator components

SRing: Spectrometer ring
Circumference: 273m
Rigidity: 13-15 Tm
Electron/Stochastic cooling

Two TOF detectors
Four operation modes

These tunnels will be built in a cut and cover
method and will be filled with 5 m overlay of
soil. This conforms to the requirements of
radiation safety.

72 Circumference: 590 m R

Rigidity: 34 Tm

Large acceptance (250/120) \
\ Two planes painting injection

SECR
Cl e E—i

b1

1Linac

iLinac: Superconducting linac SECR:
Length:100 m

Energy: 17-22 MeV/u(U%+45+) — Superconducting ECR source




HIAF: Experiment terminals

RIBs physics station

Hypernuclear “
High energy irradiation H

e-ion recombination

spectroscopy
High Energy High precision
Density Physics spectrometer ring
Terminal S
iLinac
E1 == ,m
—g 't | SECR

Low energy nuclear
structure terminal

Low energy irradiation

Around the whole facility, there are a series of experiments terminals



HIAF: Basic beam parameters

lons

SECR 28835+

iLinac 238U35t

238| J35+

BRing
238| J76+

RIBs: neutron-rich,
proton-rich

SRing Fully stripped heavy
lons
H-like, He-like heavy
lons

Energy

14 keV/u
17-22 MeV/u
0.8 GeV/u

2.45 GeV/u

0.84 GeV/u(A/q=3)

0.8 GeV/u(38U92*)

Intensity

0.05-0.1 pmA
0.028-0.05 pmA
~2.0x10"ppp

~5.0x1010 ppp

~10%10 ppp

~10"1-12 ppp



HIAF: Present status

Details of technical design has been finished and most of hardware
systems are under production.




HIAF: Present status

The civil construction and common system are going smoothly

BRing straight section

HIAFE RS EMSENE . AAHE, K&, BEERETZ %Rt
Je51:200
= L L
i J; i : T& _::‘1,5:;{::..;{;::-!‘5! S o ] == ;:%h =
-1l - .,m" _ —— ;i - \—fa-
| ! ) AL i Bl ¢l ! i
AHEE BOHER . (CCHER

Beam transfer line SRing arc section Tunnel mechanical installation



Present status

HIAF

and the early

bout 7 years,
in the end of 2025
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The FAR Project

Realization of the world's unique particle accelerator facility in Darmstadt

September 2019



Accelerator facilities GSI and FAIR F-\IR I=%== 1L

World-leading accelerator
laboratory for decades
Unique research in physics
and applications

Milestone in the European
research roadmap (ESFRI)

Top priority in the European
nuclear physics community

FAIR GmbH | GSIGmbH 2






... in the lab.




building blocks
of our matter?

How, when and
where did they
come into being?




How are chemical elements .
formed in stellar explosions

L




What does matter look like in the most heavy
objects of our universe, the neutron stars?




Cosmic matter can be
produced with particle

accelerators in the lab.




The four scientific pillars at FAIR F-\lR I=5= 1L

NUSTAR CBM

Nuclear Structure, Astrophysics and Compressed Baryonic Matter:

Reactions: Stars and nuclei Inside a neutron star

(850 scientists) (500 scientists)

PANDA APPA

Antiproton-Annihilation at Darmstadt: Atomic, Plasma Physics and Applications:
Antimatter research From atoms to planets to cancer research
(500 scientists) (720 scientists)

FAIR GmbH | GSIGmbH 9



FAR G

FAIR— Facility for Antiproton and lon Research

In addition to the existing linac and ring accelerator and storage ring at
GSI, FAIRis building:

Aring accelerator, 1.1 km in circumference
3 storage rings

1 linac

2 major target stations

1 super fragment separator with extra-large acceptance

10



FAIR — The facility F‘\'R === 1L

. Ring accelerator
* Ring accelerator [ SIS100
Linear accelerator ~/ / '/‘ <> N \
, J N A

&7
w / / Production
f lei
3 of new nuclei
J
100 meters Antiproton ring ‘ / Production

of antiprotons

/
Intensity / ’ /

Precision Experimental and .
rin storage ring Collector
Storage rings e

FAIR GmbH | GSIGmbH

Existing facility

Planned facility

Experiments



FAR G

FAR—key figures

Compiletion until Investments Area covered by the land-use plan

2025 >€1 billion 686,373 m?

70% of this amount will beprovided
by the German federal government
and the State of Hesse



FAR G

Construction volumes
2 million m3 600,000 m3 65,000 tons
of earth of concrete of steel
to bemoved to be used to be utilized
ﬁsmuch asfor 5,000 single-family Asmuch aseight Frankfurt soccer stadiums Asmuch asnine Eiffel Towers
omes
Y N N pmos mms sm=s sm=s
th i 4 0 Gacy (o) N (o) () N ()
e i s Ee S =
PY VY Y YW VPN ZEEN. 4SSN 4SSN 4553
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1500

magnets

Worth 200 M€

Of which 600 are superconducting

1000

power supplies

worth 30 M€

1500

vacuum
chambers

worth 20 M€

FAR G

70



FAR E=u

with YOU

FAIRR develops and uses innovative
technology —



Overview of technology

Credit: Babcock Noell

FAR G

Superconducting magnets: for strong
and rapidly changing magnetic fields
with maximum field precision

Sophisticated cryotechnology: Use
of liquid helium to cool down to 4
Kelvin (-269°C)

Ultra-high vacuum: 10'5times below
the earth’s air pressure

Development and construction of
cryo-collimators with special coatings

72



FAR G

For the Proton Linac

3 crossbar H-Mode cavities (CH)and 3
coupled crossbar H-Mode cavities (CCH)

Stainless steel

Operating resonance frequency 325 MHz
Duty cycle 0.5 %o

CALLTOTENDERNOW OPEN

Current technical needs

73



FAR G

GHE tanks
26 standing helium tanks

each 100 cubic metres

for storing helium gasat ambient
temperature at a maximum pressure of 20
bar.

Pipe class PN25

Current technical needs

74



FAR G

Modular stands for high-energy beam
transport

317 stands of six different types

For mounting magnets and diagnostic
chambers

Power parts
Various parts with various power and

Current technical needs ramping specifications

3 Local cryogenic plants

75



Current technical needs

FAR G

ent separator shielding
VI uiIc l.alsg'er area

Castiron grade GJL150 - 250 or GJSwith
%0Co content less than 50 ppm
nickel content below 0.5%.

Pbar target station (for antiprotons)
main shielding block (150t)
1st(24t) and 2nd (8.5t) sliding doors

sliding doors support and 2 sliding door
motor

graphite collimator
copper and iron collimators stack
adjustment table

76



Current technical needs

FAR G

Various UHV components
Various diagnostics

Please visit our procurement website:
www.gsi.de/start/wirtschaft _industrie.htm

v



Facility for Antiproton and Facility for Antiproton and

lon Research in Europe GmbH lon Research in Europe GmbH
4IZIa1n<|:DkstraBe d1 PlanckstraBe 1
64291 Darmstadt 64291 Darmstadt

www.fair-center.eu www.fair-center.eu

m : Necessary technological capabilities:

detailed 3D design

billets cutting

welding work

anticorrosion processing and painting
tests and inspections according codes and
standards

Contract signing date (Milestone M4) 02/2020

H4

I 1H3

H2

GHE Storage Tanks (PSP 2.14.8.1.7)

Content of delivery:

e 26 Storage vessels.

* One storage vessel in one unit, finally mounted, tested and packed.

¢ specification completed as required, including all performance descriptions
and drawings.

Dimensions:
¢ positioning Vertical
e geometric volume 100 m3

e outside diameter Max- 2800 mm



Facility for Antiproton and Facility for Antiproton and

lon Research in Europe GmbH lon Research in Europe GmbH
PIanchstraBe d1 PlanckstraBe 1
64291 Darmstadt 64291 Darmstadt

www.fair-center.eu www.fair-center.eu

Frames for HEBT (PSP: 2.3.11.13.2 and 2.3.11.13.3) i
( indicated in blue and red)

Frames category Il

Scope of delivery:

e dimensioning, design

¢ design for six-strut-system
Steel angle ¢ production for all parts

¢ weight — 500 kg

Frames category |

Scope of delivery:

« dimensioning, design

¢ production for all parts —
e weight — 500 kg

ix-strut- Necessary technological

Necessary technological system capabilities:
capabilities: e detailed 3D design
e detailed 3D design e Dbillets cutting
¢ billets cutting Frame ¢ welding work
¢ welding work —' ¢ electrolytic galvanizing
¢ electrolytic galvanizing | and painting
and painting

Frames category Il

Scope of delivery:

¢ dimensioning, design
¢ production for all parts
¢ weight — 500 kg

Alignment bridge Frames category IV
Scope of delivery:

¢ dimensioning, design
¢ production for all parts
¢ Frame load- 12000 kg

Frame
Necessary technological
capabilities:
¢ detailed 3D design

¢ billets cutting Necessary technological
Footplate ¢ welding work capabilities:
¢ electrolytic galvanizing ¢ detailed 3D design
and painting billets cutting

* welding work
e painting




F ~ | R Facility for Antiproton and FA'R E E ][
lon Research in Europe GmbH
PlanckstraBe 1

64291 Darmstadt
www.fair-center.eu

Facility for Antiproton and
lon Research in Europe GmbH

PlanckstraBe 1
64291 Darmstadt
www.fair-center.eu
Frames category V
Scope of delivery:
¢ dimensioning, design
¢ design for the six strut system

¢ the development of an compensation Amount of frames per category
for enlargement of components
because of the baking process for Category | | v v vi
vacuum Amount 16 61 | 15 1 1 1
e production for all parts
* weight=500kg Contract signing date (Milestone M4) 03/2020
Necessary technological capabilities:
% ¢ detailed 3D design

billets cutting

welding work

baking process for vacuum to 300°C.
painting

Frames category VI

Scope of delivery:

. dimensioning, design

. design for the six strut system
. production for all parts

. weight— 500 kg

Necessary technological capabilities:
. detailed 3D design

. billets cutting

. welding work

. electrolytic

. galvanizing painting




Facility for Antiproton and Facility for Antiproton and

R lon Research in Europe GmbH F ! | R lon Research in Europe GmbH
PlanckstraBe 1

PlanckstraBe 1
64291 Darmstadt 64291 Darmstadt

. www.fair-center.eu
www.fair-center.eu

B Necessary technological capabilities

target and 24 sliding door
magnetic horn ¢ detailed 3D design
assemblies o casting steel billets
~-— « billets cutting
! ¢ milling the required shape
1+t sliding door ¢ welding work
¢ anticorrosion processing and
painting
main shielding
block — A A A
Contract signing date (Milestone M4) 04/2020
adjustment table
sliding doors’
t
e Z"dsliding
door motor

Shielding of the pbar target station (PSP 2.9.11.6.1)

The antiprotons are generated by a primary proton beam that is interacting with a nickel rod.
The main purpose of the target station is the suppression of secondary particles originating
from the target. The shielding of the target station is pre-designed to have 1.6 m of iron
behind the target area and 1 m in each other direction from the target area. The
approximate weight of the main shielding block (brown) is 150 t. The 1st door (purple) is 24
t and the 2nd one (light blue) is about 8.5 t. Both doors are sliding on the support frame
(blue) and get pushed individually by the motors.

Content of delivery:

« main shielding block (150t)

e 1st(24t) and 2nd (8.5t) sliding doors

¢ sliding doors support and 2 sliding door
motor

* graphite collimator

* copper and iron collimators stack

¢ adjustment table



Facility for Antiproton and

lon Research in Europe GmbH
PlanckstraBe 1
64291 Darmstadt

www.fair-center.eu

Shielding of the SFRS target area (PSP 2.4.11.4.1)

Super-FRS
target area

Iron shielding blocks for the
side shielding of the target area

Sub components of the iron
side shielding of the target area

Facility for Antiproton and
lon Research in Europe GmbH

PlanckstraBe 1
64291 Darmstadt

www.fair-center.eu

Super-FRS target area will require a large amount of iron shielding for radiation protection
reasons. The overall work package consists of three parts with an independent PSP for
each sub-work package. These three sub-work packages are the side shielding of the
target area, the roof shielding, and dedicated inner shielding to balance dimension
differences of the various components installed in the target area. The iron shielding serves
as an inner shielding and all beamline components are installed within this iron shielding.
Those components will never be directly accessible during facility operation but
maintenance shall be performed from above by a so-called working platform. The side
shielding must be installed in a very early phase of the project, namely during the shell
construction of the target building of Super-FRS. The shielding blocks shall be made of
Cast Iron Grade GJL 150 - 250 or GJS with ®Co content less than 50 ppm (parts per
million) and nickel content below 0.5%. The chemical composition of the material needs to
be proven using mass spectroscopic analysis.

Content of delivery:

Component Weight /component [Ton] | Total number
Shielding block type V1 23.5 86
Shielding block type V1 A 13 2
Shielding block type V1 B 23 2
Shielding block type V2 11.7 40
Shielding block type V2 A 5.2 2
Shielding block type V3 30.1 1
Shielding block type V4 23 1

Necessary technological capabilities:

Detail 3D design

Casting steel billets

Billets cutting

Milling the required shape
Anticorrosion processing and painting
Material quality inspection and
certification

o o o o o o

Contract signing date (Milestone M4) 04/2020



p-Linac: Bellows

FAR ==mx
Call for tender shall start in Q4/2019, end of delivery Q2/2021

~20 pieces (3 different types)
Geometry: round, length ~10 cm, diameter DN40, DN100
flanges: CF

Vacuum Properties
Integral Leak rate <1 - 10-1mbarl/s
Outgassing rate: <5 - 10-"9mbar I/ scm?
Chamber material according DIN EN 10088: 1.4404 or1.4571
Flange material according DIN EN 10088: 1.4306, 1.4307, 1.4404, 1.4429 or1.4435
UHYV suitable cleaning required

Mechanical requirements:
Check of welding seam according to DIN EN ISO 9712, quality class DIN EN ISO 5817B
Surface quality Rz=25

2/25/2019



SI1S100: Beam Vacuum Cold Warm Transitions
(BV-CWTs)
FAR G=x

Call for tender shall start in Q2/2019, delivery until Q4/2020

~50 pieces

6 types
Length: ~0.5m
Elliptically/star-shaped aperture of inner tube: 133 x 65 mm?2

Chamber material according to EN 10088: 1.4306, 1.4307, 1.4404, 1.4429 or1.4435
Corrugated (hydroformed) round bellows, material according to EN 10088: 1.4404 or1.4571
Flanges DN160CF, material according to EN 10088: 1.4429 ESR

Additional Helicoflex type seal

Bake-out jackets (on warm side) part of delivery

Vacuum requirements:
Integral leak rate < 1x10-1mbarl/s

Outgassing rate

(after bake-out) < 1x10-2mbar I/(scm?2)
Operational temperature (on cold side) < 20K BV-CWT with BV-CWT with
UHYV suitable cleaning star-shaped inner tube elliptically shaped inner tube
Bakeable up to 300°C

Bake-out cycle for acceptance test required

Mechanical requirements:
Check of welding seams according to ISO 9712, quality class ISO 5817 B

Surface quality Rz=25

Geplante Beschaffungsvorgange fir FAIR&GSI 2/25/2019



S1S100:
Chamber for Resonance Sextupoles

FAR ==mx
Call for tender shall start in Q4/2019 , delivery until Q2/2020

6 pieces
Round tube, diameter DN160, with integrated corrugated (hydroformed) bellow
Chamber length: 730 mm

Chamber/bellow material according to EN 10088: 1.4429 or 1.4435

Flanges DN160CF, material according to EN 10088: 1.4429 ESR
Magnetic permeability u,<1.01

Bake-out jackets part of delivery

Vacuum requirements:
Integral leak rate < 1x10-1°mbarl/s

Outgassing rate (after bake-out) < 1x10-2 mbar l/(s cm2)
UHYV suitable cleaning

Bakeable up to 300°C

Bake-out cycle for acceptance test required

Mechanical requirements:
Check of welding seams according to ISO 9712, quality class ISO 5817 B
Surface quality Rz=25



p-Linac: CH & CCH structures
FAR E=s

Call for tender shall start in Q4/2019, delivery until Q4/2021

6 pieces (2 types)
Geometry: diameter ~300 to 400mm, length 1.4m to 3.7m, wall thickness ~10 mm

1445.4

30.0- =
Cylindrical Coupling Cell - ;
Quadrupole - | Section 1.1 N/ s . Section 1.2 {
Triplet | | ) \ 1)1 SN N
/ ‘ . i
[=7:) wn O
g2 6tece e B B 6 & S i
WA AW\ L
il G/ /4 NN (L (LN
‘ Cavity Entrance Flange | Quadrupole Triplet T Cavity Exit Flange—/x,';\
- = ~=—10.0
70.0 t 399.5 ! 355.0 650.9
1485.4

Vacuum Properties

Integral Leak rate <1 - 10-"®mbarl/s

Outgassing rate: <5 - 10-"9mbar I/ scm?

Chamber material according DIN EN 10088: 1.4301
Flange material according DIN EN 10088:

UHYV suitable cleaning required

Mechanical requirements:
Check of welding seam according to DIN EN ISO 9712, quality class DIN EN ISO 5817B
Surface quality Rz= 4 - 6.3 (structures will be copper plated atGSl)
High mechanical accuracy and tolerances for electron beam welding and complex RF structures




SIS100: Cryogenic Bellows FAR E==u
Call for tender shall start in Q1/2020, delivery until Q4/2021

~120 pieces

~3 types

Length: ~0.1 m ... ~0.3m

Corrugated (hydroformed) round bellows

Chamber/bellow material according to EN 10088: 1.4404 or 1.4571
Flanges DN160CF, material according to EN 10088: 1.4429 ESR

Vacuum requirements:
Integral leak rate < 1x 10-1©mbarl/s

Outgassing rate (after bake-out) < 1x 10-'2mbar /(s cm2)
Operational temperature < 20 K

UHV suitable cleaning

Bake-out cycle for acceptance testrequired

Mechanical requirements:
Check of welding seams according to ISO 9712, quality class ISO 5817 B

Surface quality Rz=25

Geplante Beschaffungsvorgange fir FAIR&GSI 2/25/2019



p-Linac: Beam diagnostic chambers
FAR E=s

Call for tender shall start end of Q4/2020, delivery Q1/2021

« ~5 pieces (4 different types)
« Geometry: round, length ~250 mm, diameter ~250mm
« with DN100CF flanges

Vacuum Properties
Integral Leak rate < 1 - 10-"°mbarl/s
Outgassing rate: <5 - 10-"9mbar I/ scm?
Chamber material according DIN EN 10088: 1.4306, 1.4307, 1.4404, 1.4429 or1.4435
Flange material according DIN EN 10088: 1.4306, 1.4307, 1.4404, 1.4429 or1.4435
UHV suitable cleaning required

Mechanical requirements:
Check of welding seam according to DIN EN ISO 9712, quality class DIN EN ISO 5817B

Surface quality Rz=25
High accuracy of orientation of flanges towards beam axis



CR: Double Kicker Tank

FAR G

Call for tender shall start in Q2/2020, delivery Q4/2020

Two tanks (one double tank)

Geometry: diameter ~500mm, total length of two tanks ~4.7m
Flanges per tank: 2x DN500COF, 8x DN200CF, 2x DN160CF,
8x DN100CF, 8x DN40OCF, 2x DN200CF with bellow DN200

Vacuum Properties
Integral Leak rate <1 - 10-1"mbarl/s

Outgassing rate: <5 - 10-"9mbar I/scm?

Material within the UHV range DIN EN 10088: 1.4306

Material outside the UHV range DIN EN 10088:1.4301

Material for COF Flange according DIN EN 10088: 1.4429 ESR
UHYV suitable cleaning required

Mechanical requirements:
Check of welding seam according to DIN EN 1ISO 9712

Quality class DIN EN I1SO 5817 B of vacuum tight welds
Quality class DIN EN ISO 5817 C from all otherwelds

Surface quality DIN ISO 1302

Mechanical tolerances: DIN ISO 2768-mK & EN 1SO 13920-BF



CR: Double Pick-Up Tanks

FAR ==mx
Call for tender shall start in Q1/2020, delivery Q1/2021

Two tanks (one double tank)

Geometry: diameter ~500mm, total length of two tanks ~4.7m
Flanges per tank: 2x DN500COF, 8x DN200CF, 2x DN160CF.
8x DN100CF, 8x DN40CF, 2x DN200CF with
bellow DN200

tank HL

cryoheads

79,

Vacuum Properties
Integral Leak rate < 1 - 10-"°mbarl/s
Outgassing rate: <5 - 10-""mbar I/scm? \
Material within the UHV range DIN EN 10088: 1.4306
Material outside the UHV range DIN EN 10088: 1.4301
Material COF Flange according DIN EN 10088: 1.4429 ESR
UHYV suitable cleaning required

Mechanical requirements:
Check of welding seam according to DIN EN ISO 9712
Quality class DIN EN ISO 5817 B of vacuum tight welds ’
Quality class DIN EN ISO 5817 C from all otherwelds
Surface quality DIN 1ISO 1302
Mechanical tolerances: DIN ISO 2768-mK & EN 1SO 13920-BF




Call for tender shall start in Q3/2019, delivery until Q4/2021

~60 pieces

~5 types

Length: ~0.5 m

T-type round chambers with two integrated bellows

Support structure for pumps as shown part of delivery

Chamber material according to EN 10088: 1.4306, 1.4307, 1.4404, 1.4429 or1.4435
Corrugated (hydroformed) round bellows, material according to EN 10088: 1.4404 or1.4571
Flanges DN160CF, material according to EN 10088: 1.4429 ESR _

Vacuum requirements:
Integral leak rate < 1x10-1mbarl/s

Outgassing rate (after bake-out) < 1x10-2 mbar /(s cm2)
Operational temperature < 20 K

UHV suitable cleaning

Bake-out cycle for acceptance testrequired

Mechanical requirements:
Check of welding seams according to ISO 9712, quality class ISO 5817 B

Surface quality Rz=25



CR: Palmer Pick-Up Tank

Call for tender shall start in Q1/2019, delivery Q4/2019

FAR G

Geometry: diameter ~500mm, length ~2000m
Flanges: 2x ISO-K DN500, 3x DN160CF, 17x DN40OCF

Vacuum Properties
Integral Leak rate <1 - 10-"©mbarl/s

Outgassing rate: <5 - 10-"9mbar l/scm?

Material within the UHV range DIN EN 10088: 1.4306
Material outside the UHV range DIN EN 10088:1.4301
UHYV suitable cleaning required

Mechanical requirements:
Check of welding seam according to DIN EN ISO 9712

Quality class DIN EN ISO 5817 B of vacuum tight welds
Quiality class DIN EN I1SO 5817 C from all otherwelds

Surface quality DIN ISO 1302

Mechanical tolerances: DIN ISO 2768-mK & EN ISO 13920-BF



FAR E=s
Call for tender shall start in Q3/2019, delivery until Q3/2020

2 piecss
length: ~2m . . g .
star-shaped aperture: 135 x 135 mm? SIS100: Radiation-resistant
chamber material according DIN EN 10088: 1.442%8sgyadrupole chambers
Flanges DN160CF & DN300CF, material according DIN EN10088: 1.4429 ESR
Magnetic permeability: y,<1.01

Heating jacket part of delivery

Vacuum Properties:
Integral leak rate < 1x 10-1©mbarl/s

Outgassing rate < 1x 10-2mbar I/(scmz2)
UHV suitable cleaning

Fully bakeable up to 250°C

Bake-out cycle for acceptance test required

Mechanical requirements:
Check of welding seam according to DIN EN ISO 9712, quality class DIN EN ISO 5817B
Surface quality Rz=25



SI1S100: Cryogenic quadrupole chambers with star-shaped
cross section

FAR G

Call for tender shall start in Q3/2019, delivery until Q4/2020

8 pieces

2 types

Chamber length: 1.4 m & 1.9m

Star-shaped aperture: 135 x 135 mm?2

Wall thickness: 0.3 mm

Stabilizing transversal ribs

Four LHe cooling tubes @ 5 mm, wall thickness 0.5 mm
Material (chamber, ribs, cooling tubes): stainless steel Bo P506
(provided by GSI); DN160CF flanges: 1.4429 ESR

Magnetic permeability py,<1.01 AN
Operational temperature < 10 K \\\\\\\‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ _

Vacuum requirements:
Integral leak rate < 1x 10-1©mbarl/s

Outgassing rate (after bake-out) < 1x 10-'2mbar /(s cm?2)
UHYV suitable cleaning
Bake-out cycle for acceptance test required




SIS100: Straight Beam Pipe FAR B=I
Call for tender shall start in Q4/2020, delivery until Q4/2021

11 pieces

2 types

Round tube, diameter DN160

Chamber length: ~1.3 m & ~3 m

Chamber material according to EN 10088: 1.4306, 1.4307, 1.4404, 1.4429 or1.4435
Flanges DN160CF, material according to EN 10088: 1.4429 ESR

Bake-out jackets and chamber support stands part ofdelivery

Vacuum requirements:
Integral leak rate < 1x10-1©mbarl/s

Outgassing rate (after bake-out) < 1x10-2 mbar l/(s cm2)
UHV suitable cleaning

Bakeable up to 300°C

Bake-out cycle for acceptance testrequired

Mechanical requirements:
Check of welding seams according to ISO 9712, quality class ISO 5817 B

Surface quality Rz=25

Geplante Beschaffungsvorgange fir FAIR&GSI 2/25/2019



p-Linac: Straight Beam Pipes
FAR E=
Call for tender shall start in Q4/2019 , delivery until end Q3/2020

~10 pieces (3 to 4 different types)
Geometry: round, length ~50cm, diameter DN40, DN63, DN100
flanges: CF

Vacuum Properties
Integral Leak rate <1 - 10-1°mbarl/s

Outgassing rate: <5 - 10-"9mbar I/ scm?

Chamber material according DIN EN 10088: 1.4306, 1.4307, 1.4404, 1.4429 or1.4435
Flange material according DIN EN 10088: 1.4306, 1.4307, 1.4404, 1.4429 or1.4435
UHYV suitable cleaning required

Mechanical requirements:
Check of welding seam according to DIN EN ISO 9712, quality class DIN EN ISO 5817B

Surface quality Rz=25

2/25/2019



(IR /M Rare Isotope Science Project (RISP)

r N
O Goal: To build a heavy ion accelerator complex RAON,
for rare isotope science research in Korea.

* RAON - Rare isotope Accelerator complex for ON-line experiments

O Budget: KRW 1,432 billion (US$ 1.26 billion, 1$=1,135krw)

- accelerators and experimental apparatus : 460.2 billion won
- civil engineering & conventional facilities : 972 billion won (incl. site 357 billion won)

O Period: 2011.12 ~ 2021.12
\ J

System Installation Project

E——— ¢+ Providing high intensity Rl beams by ISOL and IF
Development, installation, and commissioning of the accelerator™| =SS ISOL: direct fission of 238U by 70 MeV proton

systems that provides high-energy (200MeV/u) and high-power . 2381 | (i .
(A00LW) heary don bears IF: 200 MeV/u 238U (intensity: 8.3 puA)

+* Providing high quality neutron-rich beams
e.g., 12Sn with up to 250 MeV/u,
up to 10° particles per second

Facility Construction Project

+* Providing More exotic Rl beam
Construction of research and support facility to ensure the pl’Od uction by combination of ISOL and IF
stable operation of the heavy-ion accelerator, experiment

systems, and to establish a comfortable research environment

3¢ Accelerator and experiment buildings, support
facility, administrative buildings, and guest house, etc.

1S 21EHeany 7. LSP

. . o . Rare Isotope
Institute for Basic Science Science Pl‘%JeCt



Korea Multi-purpose Accelerator Complex (KOMAC)

B National User Facility: Intense Proton & lon Source for Basic & Applied Research
@ High-Power Proton Linac (100MeV, 20mA, Proton Source) under operation
9@ 1 GeV, 2MW Upgrade (Spallation Neutron Source) under R&D study
B 100MeV Linac developed through Proton Engineering Frontier Project (2002 —2012)
B Funding: 300M USD (Government (57%), Local Gov. (39%), & Industry (4%))
B Lead Institute : Korea Atomic Reseaech Institute (KAERI)
B KOMAC Operation as one of branches of KAERI (2013~)

KTX Station
Daejeon«»:1:05hours
Seoul«;2:05h0urs

Reserved
(260,000m?)

Developed
(180,000m?)




Main Facilities

<> Buﬂdlng Iayout at KOMAC




100 MeV Linac and Beamlines

+ 100 MeV linac and beamline specification and layout

Features of KOMAC 100MeV linac _ Output Energy (MeV) 20 100

@ 50-keV Injector (lon source + LEBT) Max. Peak Beam Current (mA)| 1~ 20 1~20
@ 3-MeV RFQ (4-vane type) b [Eeat [PIs7 ) L 8

@ 20 & 100-MeV DTL Avg. Beam Current (mA) 01~48|01~1.6
@ RF Frequency : 350 MHz Pulse Length (ms) 01~2 (0.1~1.33
@ Beam Extractions at 20 or 100 MeV Max. Repetition Rate (Hz) 120 60

@ 5 Beamlines for 20 MeV & 100 MeV Max. Avg. Beam Power (kW) 96 160
_;S \ -

Pulse neutron
Under design

RI production 1! Bt
Under operation 5]:

General purpose

Low-flux Under operation

Under operation

General purpose
Under operation




100 MeV Proton Linac

+ 100 MeV linac / beamline development and operation

@ Linac commissioning at 2013 - ,

@ General purpose beamline and user service starts (2013~)
@ RI production beamline (2016~)
@ Low flux beamline (2017~)

under user service at 2019

!

A\ =
>



100 MeV Proton Linac Operation Statistics

% Machine availability and main failure components

Year 2013 2014 2015 2016 2017 2018 Sum
Operation hours 2,290 2,863 2,948 2,961 3,231 3,038 17,331
Unplanned Downtime 412 392 280 151 164 134 1,534
Machine Availability 82.0% 86.3% 90.5% 94.9% 94.9% 95.6% 91.1%

@ Availability: improved to ~95% @ Downtime: Utility, IS, RF, Vacuum fails

100.0 Downtime in 2018 [%]
®Modulator ®lon source ®Vacuum ®RCCS =DTL/RF wmUtility =RF
90.0 - Modulator
L)
X
= 80.0 -
x
-g 70.0 —&— ORNL/SNS
.§ 60.0 e —— KEK-JAEA/J-PARC
< —— KOMAC
50.0

Year-1 Year-2 Year-3 Year-4 Year-5 Year-6

2013 2014 2015 2016 2017 2018




100 MeV Proton Linac User Service Statistics

+» Users and main R&D fields

# of Experiments

200

@ KOPUA: Korea Proton Beam User Association (Self-organized user network)
= PAC(Program Advisory Committee): Review proposals & Allocate beamtime

--ll-- Experiments
- Users

2013 2014

[6.0%])

2015

[25.9%)

2016

2017

2018

500

400

300

200

100

0

SI9SM JO #

@ User’s Institution

R&D

Academy
(63%)




100 MeV Proton Linac Beamline 1

% General Purpose Beamline: 20-MeV / 100-MeV Proton

Beam profile at the target

@ Application : Proton beam irradiation for general
purpose (material / nano-science, semiconductor etc.)
@ Proton beam
= Energy: 20 MeV /33 ~100 MeV
= Beam power: 10 kW @ 100 MeV

@ Status : Under operation (2013~)

(28

Hot cell for sample manipulation Beam irradiation station



100 MeV Proton Linac Beamline 2

@ Application P i D i LT e e

= Rl production: Cu-67, Sr-82, etc.
© Proton beam

» Energy: 33 ~100 MeV i J . \ ,,]
= Beam power: 30 kW @ 100MeV - ; !
@ Status yStem |

= Completed installation: Dec. 2015
= Status: Under operation (2016~)

Target Preparation

e w gh g m 91,93.3,184.6 keV gaihma ' 511 & 776 keV gamma
‘mmm':‘:ﬂﬁmmick) Powder compaction s ﬂlIg 67, u d‘ cay ‘ 82 deda
s N > willl '
e m O B Becd |
- “,‘*L el 3 A m ‘ -

(60 mm dia., 16.6 mm thick)



100 MeV Proton Linac Beamline 3

+» Low-flux Beamline: 100-MeV Proton

@ Application : Space radiation, Detector R&D, Bio etc.

@ Proton beam
= Energy: 100 MeV
= Avg. Current : 0.13 nA (1.6 nA peak, duty 8%, 60 Hz)
= Uniformity: <10%, 100 mm X 100 mm
* Flux: 1x105~ 1x108/cm? @ peak

@ Status : Under operation (2017~)

Target room

1.2x10™"

o greater than 103 #/cm?+ pulse
UX ™

8.0x10" | Linear Off A
7y Response \
= 6.0x10" .
-1
£
2 40x10" 1
&)

2.0x10™" .

0.0 -
L L 1 1 1
0 50 100 150 200 250

Time [sec]

Beam uniformity < 5% @ 100mm X 100mm Accumulated dose during irradiation on sample



Near Future Plan 1

+ Li-8 Beamline: 100-MeV Proton

@ Application : Li-8 based -NMR
@ Proton beam
= Energy: 100 MeV
= Beam Power: 1 kW @ 100 MeV
= Li-8 lon Production: 1x106 pps
= Target: BeO
@ Status : Prototype development (2017~)

@ Plan : High power target ion source, B-NMR facilities

108
target ion gouree

!
Target &
Ionization |

p-NMR Facility ™™ 1|y

' Laser for
potasiation ]
d

| RF coil

n
1
\
BO: External DC magnetic field | - oL Wi

B1: RF magnetic field ’

7 \
S: Sample ! !
D: beta detector | Low Field i
\\ Spectrometer | ; 8Lj+ (Polarized) I,
High Field
Spectrometer ~

M: External magnet pole
Layout plan for B-NMR facilit

Temperature (°C)

Prototype target ion source heating test
SIS heationg current (A)

0 100 200 300 400 500
2200 - 1 4 *
I—=— Target heater s ]
2000 +4—e— Surface ion source / 1
1800 /‘ ) .
1600 ? r
_u 1
1400 ~ ~ P
= ‘
1200 - o~ T T —
1000 ,/":'5 ‘
i ol | ]
800 _/' =~ - T T =

400 600 800 1000 1200 1400
Heater current (A)

Heating current vs. temperature



Near Future Plan 2

+** Pulse Neutron Beamline: 100-MeV Proton

1.00E+10

@ Application : Fast neutron production
@ Proton beam
= Energy: 100 MeV
= Beam Power: 1 kW @ 100 MeV (upgrade 160 MeV)
= Target: Copper (plan to change to W)
@ Status : Neutron utilization @ 100 MeV, 1kW (2018~)
@ Plan : Accelerator energy upgrade, target improvement,
neutron facility

Flux (En>10 MeV)
= 3.5 x10% n/cm?/

1.00E+09 |

Neutron Flux calculated
based on Beam Current [n/cm?)

1.00E+08

1.00E+08 1.00E+09 1.00E+10
—] #
_ :u:;o MeV » 1.0E-03 SONELE A Neutron Flux calculated

- - )
— E220MeV by using Neutron Monitor (n/cm2)

Neutron target Measurement results

1.06-04 Energy upgrade

Short pulse injector
Neutron target

180 100 MeV

1.0E-05

Long pulse injector

o
Differential Neutron Fluence (#/eV)
,
3
s
<
312
=a

*LOE_UB PR PR hddiiinl P
0.1 1 10 100 1000
Neutron Energy (MeV)

ama 100 MeV Beamlines 20 MeV Beamlines

* Gordon et al, IEEE Trans. Nud. Sd. 51 (2004)

Angular distribution of the neutron Neutron spectrum compared with Layout plan of the pulse neutron source
the ground spectrum



Future Plan

s Upgrade to 1GeV, 2MW proton linac, two pulsed neutron sources

» Reflected in National Large Research Facility Road Map (2010 & 2012)

] .

= Upgrade Plan

. 1 GeV, 2 MW SRF Linac

:

|

u

: ) Bedlh Lines Beam Lines

: TS . . "

. B Included in a National Facility Road Map (2012)

ﬂeLong Pulse orttuse *1 GeV, 2 MW SRF Linac + Pulsed Neutron Sources (LP + SP)
utron Source Neutron Source

@ Neutron Sources: Materials, Bio-life, Energy, Environment, etc.
» Long Pulse (1.3 ms): Spatial resolution: pym~nm, Temporal resolution: us~ns
» SANS, Holography, Phase shift interferometry, Static & Dynamic tomography, Spin echo, etc.
= Short Pulse (~ps): Spatial resolution: 0.01~10 nm, Temporal resolution: ns~fs

» Elastic scattering, Diffraction, PGAA, Neutron resonance transmission, Neutron resonance capture
analysis, Neutron spectroscopy, Neutron stimulated emission CT, etc.




. Rare isotope
Accelerator complex for
ON-line experiments

Overview of
The Rare Isotope Science Project

(RISP)
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1. Overview RAON Layout

.. Control
~ Center

Utility

HPMMS/

B SCL1 has been decided to be pended
: SCL3 is going to be taking a role of SCL1 in the early operation

[ )
1 bS 2| Z=por 1 -111-

Institute for Basic Science




1. Overview Project Milestone

(2018) (2019) (2020) (2021)
SAL3 manufacturing SCL3 Installation SCL3 el SCL3. B.ea.r:;/
SCL2 Prototype SCL2 manufacturing MMISSIoNIF
Yp Corrplehm Project Completion

System Installation
18.5MeV/u 18.5MeV/u
ECR-IS beam & Sl beam RI beam
ISOL beam (Sl beam) SCL demo beam (Dec 2020) (Sep 2021)
(Dec ,2015) (Dec 2017)
2014 2015 I 2016 2017 f 2018 2019 2020 2021 ,
RFQ beam SCL ISOL SCL2
(Dec 2016) installation ~ Commissioning Expe”me"t (Dec 2021)
(April 2019)  (July 2020)  (Jan2021)
) Facility Construction \
Completion of basic  Completion of detail o Building
design design Supply of utilities Permit
(Dec 2015) (June 2017) (Dec 2018) (April 2021)
2014 2015 2016 2017 2018 I 2019 2020 2021

- T

Beginning of prlorlty Beginning of Completion of Completion of inspection]
construction construction construction  of the radiation facility
(Feb 2017) (Sep 2017) (Aug 2020) (Dec 2021)

.}efferson Lab



2. Construction ﬁ Building Layout

L

J Building Layout

— -

Campus Area : 952,066 (including the reservation area of 144,640m1)
Period : 2014 ~ 2021(8 years)

Cost : 972 billion won (incl. 357 billion won for land)
Building Area : 76,259 n1(11 Bds)

Total Bd. Area : 116,252 T

Constructor : POSCO Consortium(11 comparrlries)'?‘?

Info. Center

S

Assembly Bd.

SRF Test Bd.

High Energy B

IF Separator / High
Energy A

Cryogenics Bd.

Low Energy A,B

Control Center

1S 21z etz

Institute for Basic Science

Utility Bd.

Electricity Bd.

_ r‘r
- §
Rare Isotope
Science Project




1

u

SCL1&3(HWR) .

ex__ Injector

SCL2(SSR1)

SCL2(SSR2)

7y -
R

L )

a“fﬂﬂ”ﬂ";‘k
Bending
e, | Section

7| X oA

Institute for Basic Science

Cyclotron

-114 -

=~ _ow | IF System

200-400 Me\

Rare Isotope '
Science Project



OO LG Rl & Experimental System

Bio-medical facility

1

Neutron Facilit

Low Energy
Exp. Bldg

L

High
Energy
Exp. Bldg

Moz AEAS FEL gt

Solenoid  pisole magnet S R
v e N | M
.U -0 FS: dispersive focal plane ks
2 KOBRA AT PP s
. ‘Wien filter 1 00V provon Quadrupole triplet
F3
1 < .
| = Al
S \ TOIA K| ABAS
5 \ 4
T
7 / ocal-plane detector
@D <
F1: dispersive focal planc —— .
— ™
Curved-edge bending magnet (D1) - 1 23
o
Beam . "
N Dipole Neutron
A Quadrupole
Scntillation 4
Counter  Solenoid

X ptot o T el
1 J| = et el -115- e e
Institute for Basic Science Science Project



3. Sys. Install. Major achievements

Achievement of low temperature
test for LTS and HTS quadrupole
prototype magnet (LTS 2016.1, HTS

QWR cryomodule test complete
(2017.05)

l./l'-'.
i‘i;)Oxygen lon beam accelerationé . ) ¢
Superconducting RF Test ~ with QWR module, SCL . High purity Sn beam extraction

facility(2016.06) | Demo(2017.10) using RILIS (2015.12)

° [ =] |
71X ppsroi e -

1§ I_I_L‘I.ﬂ '—;l — -116 - Rare Isotope
Institute for Basic Science Science Project



1

Summary & Outlook

= Accelerator

*  Mass production for SCL3 is under way

« SCL2 is under pre-production phase

From April, 2019, installation for SCL will start from SCL3

« Test facility for cavities and cryomodules will operate from next Jan.

= By the end of 2021, we will achieve

« Sl beams: Stable ion beams (60, 4%Ar) from ECRIS - SCL3 - low E exp hall
* Rl beams: RIBs extraction from ISOL - re-acceleration through SLC3 - low E exp hall
« Stable / Rl beams will be delivered to low-E experimental hall
« Early phase experiments are going to be performed using KOBRA
- RIBs production at KOBRA (A<~50, beam energy < 20 MeV/u) using SI beams from SCL3

* Beam commissioning starts for SCL2

« Installation and commissioning for IF, LAMPS, Neutron, bio-medical and muSR
- Collaborative works with RUA (RAON Users Association) via RULC (RAON Users Liason Center)

= Post RISP (2021 ~ )

 Beam acceleration for ISOL - SCL3 - SCL2 - IF (ISOL+IF)

«  Beam commissioning and experiments for IF, LAMPS, Neutron, bio-medical and muSR
« Ramping-up to get the 400kW beams (more 5 yrs)

«  Energy upgrade to 400MeV/u (require budget)

X ptot o & ‘
J|Z= 0S4t -117 - e e
Institute for Basic Science Science Project



Super Charm-Tau factory: project status
P. Logachev

-118 -



Two colliders VEPP-2000 and VEPP-4M at BINP operate with
new injection complex (since 2017)

Collider VEPP-4M, 11 GeV

Buster 2 GeV
‘!!Z.L 5

L.

Linac 500 MeV
Mo Yexopumens

Damping ring 400 MeV
Collider VEPP-2000, 2.0 GeV

Buster 1 GeV

E =400 MeV, N = 10" e+-/s

-119-



VEPP-2000

L1 The world highest luminosity collider below 2 GeV
(excl. phil019 energy)

VEPP-2000 — 250 m

@C beamline

gfl-aﬁ* ;

L R ‘;—Fa—
g VEPP-2000 Luminosity, AALIEAA
\C
® 2011-2013 1/cmzs ea(“\\«“
® 2017 g %ﬁa‘“ Qea\k\‘ . P
10¥ | ;.l"f;.,,}"i""‘f: ‘‘‘‘‘ = o ."' Luminosi ty
- A WSS el (1-5) x 103 1/cm?s
- ‘- ..
IR Two detectors
1075
SATTTERT T FET] PETS PETE EE Y

P B
400 600 800 1000 1200 1400 1600 1800 2000

Beam energy, 2E, MeV

-120 -



Physics at VEPP-2000

CMD-3 detector SND detector

Main goal: study of
y* = hadrons below 2 Gev,
in particular
 o(e*te” - hadrons) for

muon (g-2)
* measurement of p and
n formfactors

ST W W T W W W v - }
0 20 40 60 80 100 cm

3(7 pPi ni

a T T c r

£ 1ef—— Sas L S & o

,§ :Ij-_ | EZ‘SE —=— CMD-3 ‘ 4 4 SNDEVERPIM

% 12F w 2F —*- BaBar | 4 g% .

S E s ' g 9| t and

] o8k Q 1.55 ! | | E, £
“E E 2
0.6 E | ma.n
04F ,E”H f* 1y oHl*' AR J: y
L 05t | UEI_-._. ok T B e more...
0%500 e00 700 18a0 1900 2000 10 1880 1900 1920 1940 1960 1980 2000 12 14 16 18 2

Ec.m., MeV Ec_m) MeV s (GeV)
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SUPER CHARM- TAU FACTORY IN NOVOSIBIRSK

Super Charm-Tau (CT) Factory is a double ring e+e- collider to be operated
in the center-of-mass energy range from 2 to 6 GeV, with a peak luminosity
of about 103> cm2s1 (Crab Waist collision) and with longitudinally polarized
electrons at the IP.

Artistic view of interaction point

< 33m ”

Cryostat with SC FF magnets —

Accelerator present status O
* Max beam energy increased from 2.5 GeV to 3 GeV e'/“?+
e Max peak luminosity at 3 (1) GeV is 1.9 (0.5)x10% cm2s- : e

1

Three Siberian Snakes provide longitudinally polarized
e_

Collider conceptual design is completed; no
showstoppers are found

-122 -

Novosibirsk
SCTF schematic
view

SS

WG
WG - damping wiggler
SS - Siberian snake
RF — RF cavity
DR - damping ring (1 — 1.5 GeV)

e~ pol - polarized e~

1L
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CONFIGURATION AND PARAMETERS

(REVISED AFTER EXPERIENCE WITH FCC STUDY!)

i\ the tunhel

= C(m) 452%)

B 26 (mrad) 60

— = | B'x/By (cm) 5/0.05

B ey/ex (%) 0.5

- Ebeam (GeV) 3 2 1

[ “(A) 2 2.2 2.2 * """
- Nbunch 150 | 420 | 400
L ~.|& (nm) 11 6.5 19 | el
- Loeak (cM2s1)x10% | 1.9 1 0.5

B . Ynitial proposal of 2006 had 800 m orbit length

- U ) BSincluded 0 gl
- i 1 1 1 i 1 1 1 i 1 1 1 | 1 1 1 T 1 1 1 I 1 1 1 i 1l 1 1 i 1 1 1 i |

—40 20

0

Z,m
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BEAM DYNAMICS AND POLARIZATION

All essential beam physics issues were considered (optics, nonlinear beam
dynamics, longitudinal polarization, IBS, etc.). No showstoppers are revealed.

35.00 S— 37.00

S ] x Oy S

24,95 x 0O L 20.95°

90 A : . i g
24.85 ; L 20.85
24.80 - L 20.80
24.75 L 20.75
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24.65 L 20.65
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24.55 L 20.55
24.50 S 7Y
20,020 20.005 0.010
dp

Yo
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Super C/tau Factory at Novosibirsk
(physics)

> Charm mixing

> CP violation in charm decays

» Rare and forbidden charm decays

» Standard Model tests in T leptons decays

> Searches for lepton flavor violation T — py
» CP/T violation searches in t leptons decays

Requirements: L > 1035 cm2 s7!, longitudinal polarization,
General Purpose Detector with best possible PID

Lf even one beam polarized, T almost * Michel parameters
100% longitudinally polarized near the * CP-violation in t-decays
threshold

Polarization may increase sensitivity by several times!

-125-



Detector concept

Requirements

» Occupancy 300 kHz Muon system and yoke Superconducting

o _Scintillators, drift tubes ¢

» Good energy and momentum
resolution

PID system
o FARICH, ASHIF

> High detection efficiency of soft tracks Main tracker (DC)

» Best possible t/K and /u

. Inner tracker
separations

o TPC, cGEM, Si-strip
~.. Minimal CP detection asymmetry

Beam pipe (Be)

Calorimeter

o Csl, LYSO, LXE
FARICH: prototype tested.

Record K/m and i/ u separation
achieved

126
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SCT current status: expertise
and partnership development

The conceptual design of the new facility, which had been developed at the BINP with the
participation of Russian and foreign partners, was highly evaluated by Russian and foreign experts

Dedicated meeting of European

Committee on Future Accelerators,

ECFA in 2011 declared, in particular,

that ...Committee members are all

convinced by the physics case of the

SCT ... Contribution of such a

machine would further enhance the
international role of Russia and attract at the table of a small club with world-class machines.

a worldwide interest

International scientific
organizations (CERN, JINR)
and authoritative and
prominent scientists (among
them — Atsuto Suzuki, Rolf
Heuer, Tatsuya Nakada, and
Nobel Prize Winner in
Physics Martin Perl) have
expressed their support for
the SCT.

1S 21z etz

Institute for Basic Science

In 2012, the SCT project got highest scores with
specific recommendations of the Expert Group on the
Assessment of EU Cooperation with Six Russian
Federal Megascience Projects (European Commission,
Directorate General for Research and Innovation):
...this project would be an immensely appropriate
project for Novosibirsk and it would give Russia a place

A number of countries and facilities have been formally involved
in SCT to date (MoU/LoU, cooperation agreement etc.).
These include:

>

>
>

Y V V

Switzerland (European Organization for Nuclear Research,
CERN, Genéve) — international organization

China (Institute of High Energy Physics, IHEP, Bejing)

Italy (Istituto Nazionale di Fisica Nucleare, Frascati — INFN-
LNF)

Japan (High Energy Accelerator Research Organization, KEK)
UK (John Adams Institute for Accelerator Science, JAL)

=
- 127 - Rare Isot;)pe
Science Project
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Institute for Basic Science

SCT current status: executive progress

In 2011, the SCT project became one of the six mega-science class projects
selected by a Governmental Commission for implementation on the territory of the
Russian Federation.

In June 2017, the SCT project is included in the plan for the implementation of the
first phase of the Strategy for Scientific and Technological Development of the
Russian Federation (activity: formation of international collaborations, completion of
design, feasibility study — should be completed till October, 2019)

A number of agreements between Russian research organizations for development
and creation of new mega-science facilities on the territory of the Russian
Federation are signed

Support from EU — grant CREMLIN (Connecting Russian and European Measures
for Large-scale Research Infrastructures), 2015-2018, in partnership with CERN
(new project CREMLIN+ submitted in March, 2019 to EU)

Preliminary road map and CDR are prepared, this work is go on with expanding
participation of Russian and international community

First international workshop on SCT factory — May, 25-27 (Novosibirsk)
Second international workshop on SCT factory — Dec, 7-12 (Orsay)
First Meeting of International Advisory Committee — May, 26-27, 2018

-128 -
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Obpa3seLl, 3aro/10BKa

Detector building - 27/1/2 Engineering building - 27,2 » Accelerator building - 27/1/1

*  Accelerator Complex 207 MEuro
e Detector 91 MEuro
*  Buildings infrastructure 100 MEuro

*  BINP has already invested 37 MEuro in the capital construction
and injection complex

129
-129-



Conclusion

* Several generations of colliders and detectors s
uccessfully operated at Budker INP with world-

wide recognized contributions to particle phys
ics

e VEPP-4M and VEPP-2000 with 3 detectors are i

n operation at present — interesting physics in
the coming years

* Budker INP successfully collaborates in a few o
utstanding experiments outside

Institute for Basic Science



From VEP-1 to Tau-charm factory!
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NICA Status of NICA at JINR

A.Kovalenko, V.Kekelidze, R.Lednicky, V.Matveev, |.Meshkov,,
A.Sorin, G.Trubnikov, R.Tsenov

Joint Institute for Nuclear Research, Dubna

3

- QUARKS-2018
26 May-03 June 2018, Valday, Russia




NICA (Nuclotron based lon Colider fAcility

Main targets:

- study of hot and dense baryonic matter
at the energy range of max baryonic density

- Investigation of nucleon spin structure, polarization phenomena
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‘ elerator facility for HEP @ JINR : construction of h
collider of relativistic ions from p to Au, polarized protons and deute-
rons with max energy up to \Syy= 11 GeV (Au*) and =27 GeV (p)

“ NUCLOTRON BASED ION COLLIDER FACILITY




experiments at NICA

BM@N (Detector)
Extracted beam

‘ y
\I
B

Injection Complex

‘ —j ‘
e e
g
23 48

N

ol —TPC
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Structure and Operation Regimes

_— = Linac HILac <« KRION
/ N
/ Booster (25 Tm)\ — Linac LU-20 - Ton
\ sources
storage of [m———————————— q
(2 %4)x10° ions, | : et _ > !
acceleration / ! . 7 _ - - |
\\up to 600 MeV/u / : 4-‘ FiTed Target Area |
~ d / T T s I
exsmrers Stripping (80%) 197Au3l* => 197Au7%+ I— —————————————
—_— T~
-~ <<
- N\
/Nuclotron (45 Tm) \ IP-2
/ \ L — = — — —
injection bunch l 7 Two SC collider rings \\
~2%x]107 ions { C e
: / ~ 2 x 22 injection cycles
acceleration up to : ,’
\ \ 22 bunches perring
\ 1 -4.5 GeV/u 4

QUARKS-2018, June 2,2018

A.Kovalenko for NICA Collaboration



Injection complex: 4 ion sources
I I

particles ! Aust+ up to Mg1o+ p, d, He2* Ap,MNd

particle/cycle {}~2.5109 /~1o11 p,d ~51012 5 1011
to be commissione \ / He2+ ~10M

repetition, Hz

| “a : \\\\\\\\\\\\

INR/JINR collaboration
commissioned: June ‘16

QUARKS-2018, June 2, 2018 A.Kovalenko for NICA Collaboration
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Injection complex: 2 Linacs

structure (section number) RFQ + Alvarez type RFQ + |IH DTL(2)
mass to charge ratio A/Z 1-3 1-6
injection energy, keV/amu 150 for A/Z 1-3 17
extraction energy, MeV/amu 5 (A/Z 1-3) 3.24 (A/Z=06)
input current, mA up to 20 up to 10

LU-20 — new fore-injector:

HILAc: "BEVATECH OHG”

JINR INR ITEP, MEPHI
e : s

\ ; commnssmmd May “16
QUARKS-2018, June 2,2018

A.Kovalenko for NICA Collaboration
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Machines: Nuclotron (in operation since 1993)

modernized in 2010-2015

type SC synchrotron
particles p, d, (p, d polarized), nuclei
injection energy, MeV/u S (p, d)

570-685 (Au)
max. kin. energy, GeV/u 12.1 (p); 5.6 (d); 4.4 (Au)

magnetic rigidity, T m 25 —-43.25
circumference, m 251.52
cycle for collider mode, s  1.5-4.2 (active); 5.0 (total) —
vacuum, Torr 10 ; :
intensity, Au ions/pulse 1109 ‘ »
transition energy, GeV/u 7.0
RF range, MHz 0.6 -6.9 (p,d)
0.947 — 1.147 (nuclei)

spill of slow extraction, s up to 10

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration
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Machine: Booster (under construction)

Li So Yon (South Korean Cosmonaut)

type SC synchrotron = - 1
particles jons A/Z<3

injection enerqgy, MeV/u 3.2

maximum energy, GeV/u 0.6

magnetic rigidity, T m 1.6 -25.0

circumference, m 210.96

cycle for collider mode, s 4.02 (active);

5.0 (total)
vacuum, Torr 10-11
intensity, Au ions/pulse 1.5 10°
transition energy, GeV/u 3.25
RF range, MHz 0.5-2.53

up to 10

spill of slow extraction, s e
Commissioning in 2019

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration
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BINP contribution to the Booster

two RF stations

) tested.at J INR -Oct. ‘14 fabricated and tested at BINP in 2016
* _commissioning - 2017 delivered to JINR in April 2017
commissioned in 2017

Project status: on schedule

QUARKS-2018, June 2, 2018 A.Kovalenko for NICA Collaboration



Nuclotron development

¢ Stable and safe operation up to maximum design energy

¢ Beam time for users >70%

¢ Time losses < 8%

& Development of cryogenic facility

¢ Modern automatic control system based on TANGO

& Test of stochastic cooling momentum spread of d beam

& New RFQ fore-injector for LU-20

3.9469296800 GHz| | Stepsize

2 — 4 GHz bandwidth, the cooling
of bunched and coasting deuteron
and carbon beams was achieved

Measuring... |

QUARKS-2018, June 2,2018 A.Kovalenko for NICACoIIaboratio?



. -
Nuclotron runs in 2015 -2018 (NICA)

e Run-51(d,LiC) 26 Jan. - 26 Mar., 2015

* Run-52(d..) Technical June 2 -July 8, 2016

« Run-53 (d{, Li) Oct.19 — Dec. 25, 2016

« Run-54 (df,o),C Feb. 1 — Mar. 24 , 2017

« Run-55(C, Ar,Kr,) Feb. — April 2018
Run - 52 Run -53 Run —54

cooling

reparation

reparation

beam for users

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration
1



Nuclotron run in 2018

* Run-55(C, Ar, Kr,)

w.ru/nudosery/online htm

Feb. — April 2018

MHTEHCUBHOCTb B KOJbLe U none

B VHTEeHCHBHOCTD Mone kGs
1000e6

7“,_7,‘?0,(7 Céo+ Co+ Co+ C6+ Cé+

500e6 Co+_Co#+

Co+ “/\

| Arle+

Arie+ Arlé+ /_
1006 |

The run was
completely
devoted to data
taken at BM@N

setup

Seb I

Kr26+ Kr26+

Kr26+

0,7e6
04.03 11.03 18.03 25.03

nara

01.04

QUARKS-2018, June 2,2018

A.Kovalenko for NICA Collaboration
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45 T*m, 4.5 GeV/u for Au7°*

RF21  RF31 RF11 —_— i
saEa gy @M@l ® Butin? PUX B
e T B 01 RS CHIT

,][ #I /, 5;:?? ¥ L

DE Dives 4

Ring circumference, m 503,04 ~
Number of bunches 22 |
r.m.s. bunch length, m

| |b, m | 0,35
max. int. Energy, Gev/u 11,0
r.m.s. Dp/p, 1 0?

IBS growth time, s
Luminosity, cm? s

RF22 RF32 RF12 ';gf MPD
[4] /1 /]

l " ) 1 1] B — .
=4 ] HIIHI I H!HI Hiigly all 15150 gl == ‘IIIHI
Double aperture magnets g2 Bears YKL Efgol

' 21121 6
dipole & quadrupole Dumpz = [P
prototypes Au(+79) ion mode 2

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration
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SC Magnets for Booster, Collider & SIS-100/FAIR
workshop at VBLHEP JINR (bld. 217)

s T T Serial tests of Booster magnets have started

———— S |

“&L:‘ 5‘

fabr/cat/on of magnet systems IS in progress
: : = Tos ﬁss -

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration
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Physics program and the setups
at NICA

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration



Exploration of the QCD PD - Density Frontier

Exploring high-density baryonic matter: maximum freeze-out density

Early Universe
£ LHC Experiments

The Phases of QCD

Temperature

Quark-Gluon Plasma

NICA - MPD (collider)

Hadron Gas zt:{{»
Supernova

Nuclear
Matter

Supercond uctor

Neutron Stars
-

900 MeV
Baryon Chemical Potential

Temperature T (GeV)

J. Randrup, J. Cleymans; White Paper

0.20

015

o
=k
=

g

0.00

Hadronic freeze-out

0.08 012
Met baryon density p. (fm )

0.1

NICA is well suited for exploring the transition between the hadronic and g-gphases

at the highest baryon density.
QUARKS-2018, June 2,2018

This is the top priority of the NICAprogram.
A.Kovalenko for NICA Collaboration



Physics objectives

= Bulk properties, EOS
- particle yields & spectra, ratios, femtoscopy, flow

= [In-Medium modification of hadron properties
- onset of low-mass dilepton enhancement

= Deconfinement (chiral) phase transition at high rg
- enhanced strangeness production

= QCD Ceritical Point
- event-by-event fluctuations & correlations

= Chiral Magnetic (Vortical) effect, L polarization

= Hypernuclei

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration



o
New issues: NICA White Paper, SQM proceedings (I\I ICPD
O

Physics targets for the exploration of first order phase transitions in the
region of the QCD phase diagram accessible to NICA & CBM and possible
observable effects of a ‘mixed phase culminates this year in the release of
the “NICA White Paper” as a Topical Issue of the EPJ A (July2016).

ISSN 1742-6588

_ The I uropean l'hv\\iwl\ Journal volume 52 - number 8 - august - 2016

JOURNAL OF PHYSICS: CONFERENCE SERIES

The open access journal for conferences A 1 1 1 Contrlbutlons
i J

15th International Conference on

Strangeness in Quark Matter o LT 188 authors
(SQM2015)

Hadrons and Nuclei from 24 countries

Dubna, Russia
6-11July 2015

Editors: David E. Alvarez-Castillo, David Blaschke, Vladimir Kekelidze,
Victor Matveev and Alexander Sorin

Volume 668 2016

jpcs.iop.org

(NICA) S&

> DUBNA 2015

I0P Publishing : Q) Springer

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration



New issue of the ESFRI Roadmap

Main Research Infrastructure in Particle and Nuclear Physics

PARTICLE PHYSICS

COLLIDERS

~ PLASMA WAKEFIELD
ACCELERATORS

SACLAY  STFC-Daresbury 3

Uni-Glasgow INFN-Frascati

GSI DESY MPI-Munich

ELI-beamline

‘M . ESS ST

NUCLEAR PHYSICS
COMPASS  HIPA
DAONE-INFN Frascati  MAX-lab :
LEPTON/
" .ELI-NP ELSA MAMI PHOTON
Alice
S e HADRON BEAMS
Lic : HIPA DAONE-INFN Frascati
il # COSY Antiproton decelerator-CERN

GANIL ALTO

ISOLDE  SPIRAL2 ECT* @ GSI

INFN-Legnaro JYFL

NICA — Complementary Project

QUARKS-2018, June 2, 2018

A.Kovalenko for NICA Collaboration
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Present and future HI experiments

107;—
10°
10°
10°*
10°
10°
10

Interaction rate [HZz]

NICA/BM@NII ...... i A N
O——0 : I : .
A———A :

............................ HADE.S,,\,NICAIM PD\.,

............................ §T§ REZ. ... STARBESI
/* —* *
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energy reglon ofmax
. baryonic depsity |

1
1

10
Collision energy \S__ [GeV]
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Present and future HI F.T. experiments

714 S— _— CBM ...... T T ——

10°
10°

.............................................................................................................................................................................................

10°c
71 E— _— §T¢ RET. o ................... ...........

.............................................................................................................................................................................................

10°
10

Interaction rate [HZz]
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1 l I UdIyUIIIb uenbuy

1 10
Collision energy \S__ [GeV]

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration




Baryonic Matter at Nuclotron (BM@N)

experiment at Nuclotron extracted beams
BM@N Collaboration:

Bulgaria: Plovdi
China: Tsinghua ‘ '

Poland: Warsaw FeetiU;
Israel: TeIAvi Jsr
Germany: Fr

USA: MIT _ //

L Physics:
v strange / multi-strange hyperon and hypernuclei production at the threshold
v hadron femtoscopy |
v' short range correlations
v event-by event fluctuations
v in-medium modifications of strange & vector mesons in dense nuclear matter

v electromagnetic probes, states decaying into y, e (with ECAL)
QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration
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BM@N plans

beam

maximum
intensity, Hz

trig. rate, Hz

central tracker 6 GEM

expiment
status

year 2017 2017 2020
Feb.-Mar. | Nov.-Dec. + ..
Kr Au Au, p

d(4) C,Ar
1M 1M 1M 1M 10M
10k 10k 20k 20k 50k
8 GEM 10 GEM 8 GEM 12 GEM
half pl.  half pl. half pl. full pl. or 8+2Si
techn. techn. physics physics physics

run

QUARKS-2018, June 2,2018

run run stage 1 stage 2

beam: E,;, = 3.5, 4.0, 4.5AGeV

A.Kovalenko for NICA Collaboration 24



Present and future HI collider experiments
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MultiPurpose Detector (MPD)  (NICA)

Main target:

- study of hot and dense
baryonic matter at the
energy range of max
net baryonic density

expression
of interest by:

\ N « CERN;
TPC .« DF, US, Mexico;
\_1pc*  ICN UNA; Mexico;
DF, CIEA del I.PN, Mexico;

MPD Collaboration: « FCF-M UAS, Sinaloa, Mexico,

* JINR, Dubna; « FCF-MB UAP Puebla, Mexico;
« Tsinghua University, Beijing, China; . Pl Az.AS, Baku, Azerbaijan;
* MEPhI, Moscow, Russia. + ITEP, NC KI, Moscow, Russia;
* INR, RAS, Russia; « PNPI NC KI, Saint Petersburg, Russia;
« PPC BSU, Minsk, Belarus; « CPPT USTC, Hefei, China;
» WUT, Warsaw, Poland; « SS, HU, Huzhou, Republic of South Africa.

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration 15



MPD detector for Heavy-lon Collisions @ NICA

Tracking: up to |h|<1.8 (TPC) Stage 1: TPC, TOF, ECAL, FHCAL, FFD

PID: hadrons, e, g(TOF, TPC, ECAL)
Event characterization:
centrality & event plane (FHCAL)

B,=0.66 T
weight

Stage 2: ITs + Endcaps (tracker, TOF, ECAL)

O | TOF

I — r:g :
II NEE:AL

|

J

W N > Cryostat
General contractor:
ASG Superconductors, Status: fechnical design — completed / close to
Genova, ltaly completion; preparation for the mass production

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration 15



Vitkovice Heavy Machinery, Ostrava

Support rings: G 6.63 m, 43.7 tons each
need to have holes machining, sandblasting, painting

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration ;5



2 Poles: @ 4.5 m, 47 tons each 28, February 2018

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration 2)6



Cradles 2 main parts are in progress: 1.47x4.15x7.68, m; 34 tons
In tot
TR

-

i

b ol y
=N
_M.r. v
' '»_‘ =
e
f e A -
, e

el 17T

e

B S AL
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Two 80/20 tons Cranes by “URALKRAN” are rea \dPyPe"?

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration




(NiCAD NICA schedule

20151 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

Injection complex
Lu-20 upgrade

HI Source
HI Linac
Nuclotron
general development
extracted channels
Booster
Collider
Startup configuration

design configuration
BM@N

| stage
Il stage

MPD

solenoid
TPC, TOF, Ecal (barrel)
Upgrade: end-caps +ITS
Civil engineering
MPD Hall
SPD Hall
collider tunnel
HEBT Nuclotron-collider
Cryogenic
for Booster
for Collider

running time
QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration



(NICA)

In the medium-term prospect the NICA complex will be
the only facility in Europe providing unique high intensity ion beams
(from p to Au, pfaf and di&)
in the energy range from 2 - 27 GeV (c.m.s.),
which could be used for both fundamental and applied researches.

Researches at the NICA complex will contribute to
» discovery and study of new forms of nuclear matter;

« comprehensive study of nucleon spin structure;

« applied researches, like irradiation of biological objects
by heavy ion beams (space mission program) etc.

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration



Civil Construction (NICA)

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration 34



Civil Construction N iCA)

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration
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Civil Construction (I\ﬁC @

W S|de‘rad|al section

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration ;6



Civil Construction

QUARKS-2018, June 2,2018

A.Kovalenko for NICA Collaboration



NICA operation in Polarized Mode (1)

Fixed POlarized dd — collisions:

SPI— LU-20M — Nuclotron — Collider
v AN P et dL
Polarized pp — collisions:

BM@N

=t SPI— LU- ZOM — Nuclotron — Collider
(3.5 MeV/u) = _.-;-\A/ PN\
\\ g MPD
'\ Multi-Purpose
Detector

P s — &
W/ |
. 7 Ml ! 1 1 \
/ \ T . a Booster
SPI| and QY (A_GNN Mo\ /i

e Polarized pd — collisions:

N final scheme under design

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration 16



Polarization control for p and d in NICA collider

M—DHD—HHH—IHH—DE—W
o " iy,

J.»(for deuteron) %
J,»(for proton)
677 ],1(for both) \‘\\7

%%’

m"’\#@?/EIIDAII—HI—IH—IHH:IiID@’
number Brax T L, m BL, T*m
Main tune shifts solenoid 8 7,3 5,5 0«40

Weak solenoid for
polarization control (red)

6 1,5 0,4 O«°0,6

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration 17



(NICA) Study of nucleon spin structure
O

must confirm

1 1
the sum rule: 5 — i[}q + 3, + L, + L,

NICA collider will provide collisions of protons and deuterons with
all combinations of polarization — transversal and longitudinal

It will allow to measure all 8 intrinsic-transverse-momentum dependent
PDFs (at leading twist) in one experiment

Matveev-Muradyan-Tavkhelidze-Drell-Yan mechanism and SIDIS
processes — are good tools for these measurements

Ho(P,)
= - ——
Direct photons production
(gluon polarization)
—_—e—————
Hy(P;, S)

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration



RF Government disposal

. - 3. Onpenenutb Bknaj Poccuiickolt ®enepauuu B co3ganue 6a30Boi
MPABUTEJILCTBO POCCUMCKON ®EJIEPALIMA KOH(HUrypauun KOMIUIEKca CBEPXIPOBOAILMX KOJel Ha BCTPEUHBIX My4Kax

PACIIOPSI)KEHUWE taxensix MoHOB NICA no 2020 rona B pa3mepe 8800 muH. pyOieii (B ueHax
2013 rona) 3a cyer cpeacts denepanbHOro Ol0mKeTa.

or 27 anpexst 2016 r. No 783-p 4. Munobprayku Poccuu Bbraenuts B 2016 rogy 4837,9 miH. py6Greii

MOCKBA B MEXJyHapOAHYIO
Agreement between ko opramisauno

NO HONMHCARUN Coranamenus ey B LEIIX d)HHaHCOBOFO
st csnenoeaxenscms gpramnseunci the RF Government IX KOew W BeTpetsix
siIepHBIX HCC/IeI0BAaHHH O CO3JaHHH H IKC KETHbIX aCCUI'HOBAaHWH,
CBEPXNMPOBOAAILHX KOJIell HA BCTPEYHBIX N4 a n d eﬂepa_[[be[M 3aKOHOM

M uuciae 3a 2016 rox

1.B coorerctBuM ¢ TyHktom | crath the J oi nt I nstitute for seme 2340 MnH. pyOiei,

"O mMexxayHaponHsiX — goroBopax  Poccuiickoi
npejcTaBieHHblii Munobprayku Poccun cornac 1MHas ¢ GOPMHUPOBAHHS

Muncdunom Poccuu, MunskoHoMpazButus | NUCIear ResearCh noc/ie/lylolHe  [IepHoIbI

MEKIPABUTENCTBEHHOM HAY4YHO-HCCIIENI0Ba

OOBbEeAMHEHHBIM WHCTUTYTOM SIACPHBIX HCCIIEC FURCTHRG aCCHIHOBARIT
mexay [lpasutensctsom Poccuiickoii  Dene OB (puHaHCcHpoBaHuUs
MEXTIPaBUTETbCTBEHHO Hay4HO-HCCIIE0Ba mu "Pa3BuTHe HayKku W

OOBEAMHEHHBIM ~ WHCTHTYTOM  SIACPHBIX  WC h b H d J 3 d ; p o
M IKCIUTyaTalMd KOMIUIEKCa CBEPXIMPOBOASLIMX as een s’gne on une = ltic:i:leiinp(:;c:ﬂ:iiﬁ:

Tsokenbix HoHoB NICA (npuitaraercs).
KOJIell Ha BCTPEUHbIX Mydkax Tshkenbix HoHoB NICA 10 pasmepa, yka3aHHOro B

2. [lopyuuts MunoGpHayku Poccun IpOBECTH neperoBopbl
C  MEXIYHapOIHOH  MEXNpaBUTENLCTBEHHOH  HAYYHO-HCCIEA0BATEIbCKOM MYHKTE 3 HACTOAIErO PACTIOPSIKEHHUSI.
opranuzauueii  OObeAMHEHHBIM  HHCTUTYTOM  SIAEPHBIX  HMCCIEIOBAaHHA
M MO JOCTHXEHHH JOTOBOPEHHOCTH MOANMCATH OT MMeHHM IlpaBHTenbcTBa
Poccuiickoit ®eaepaunu yka3aHHoe B MyHKTe | HACTOSILUETO pacropsHKeHUs [peacenarens [lpas
CornameHue, paspeiidB BHOCHTb B NPHIAracMblil MPOEKT W3MEHEHHUs,
HE MMEIOLIME NPUHLMITHATIBHOTO XapaKTepa.

Poccuiickoii Peng J1.MenBenes

2947103

QUARKS-2018, June 2, 2018 A.Kovalenko for NICA Collaboration 41



(NICA) Concluding remarks

>>NICA complex has a potential for competitive research

in dense baryonic matter and spin physics
>>The construction of accelerator complex is going well
in close cooperation with many laboratories
>>The construction of both detectors BM@N & MPD is
going close to the schedule, SPD project and spin
physics program are under preparation
>>NICA recognized as a part of European research infr.
>> NICA got a status of mega-project developed at RF
>> NICA is open for new participants

QUARKS-2018, June 2,2018 A.Kovalenko for NICA Collaboration



QUARKS-2018, June 2,2018

Thank you!

A.Kovalenko for NICA Collaboration



~ EIC Accelerator’
Overview and R&D-

Ferdinand Willeke, BNL
EICUG Annual Meeting, Paris 2019
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Electron lon Collider (EIC) Physics Questions

Nuclear Physics Community compiled an EIC WHITE PAPER" (2014/5):

« How are quarks, gluons & their spins distributed in space & momentum
in nucleus?

« How do nucleon properties emerge from quarks and gluons and their
interactions?

« How do color-charged quarks, gluons & colorless jets, interact with a
nuclear medium

* How do confined hadronic states emerge from quarks & gluons
« How do the quark-gluon interactions create nuclear binding?

* How does dense nuclear environment affect the quarks-gluons
correlations & interactions?

* Does gluon density in nuclei saturate @ high energy
result in gluonic matter with universal properties?

*) A. Accardi et al, Eur. Phys. J. A529:268 (2016)
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Requirements on EIC Performance

The EIC is designed to meet the requirements set forth in NSAC Long Range
Plan, which was emphasized by the NAS report:

Highly polarized (~70%) electron and nucleon beams

lon beams from deuterons to the heaviest nuclei (uranium or lead)

Variable center of mass energies from ~20 - ~100 GeV, upgradable to ~140 GeV

High collision luminosity ~1033 — 1034 cm-?s™

Possibilities of having more than one interaction region




There are two proposals:

 JLEIC to be constructed at Jefferson Lab
 eRHIC to be constructed at Brookhaven National Lab

Both design benefit from existing Nuclear Physics infrastructure and are
based on the same accelerator principles:

« Electron Storage Rings with frequent injection of fresh polarized
beams

« Hadron storage rings with strong cooling or alternatively frequent
injections




JLEIC Layout

Full-energy top-up injection of highly

polarized electrons from CEBAF = .
High electron current and polarization 13 GeVic : .

High energy nteraction 200 GeV/c
Full-size high-energy booster = Booster . Point i Esllide it
Quick replacement of colliding ion beam = : S
High average luminosity 150 MeV on linac

High-rate collisions of strongly-focused short g

low-charge low-emittance bunches <-/Low energy

similarly to record-luminosity lepton colliders = 8.9 GeV/c Booster

High luminosity —_— 3-12 GeVic
100m Electron collider ring

Multi-stage electron cooling using
demonstrated magnetized cooling
mechanism =

Small ion emittance =

High luminosity

Electron source i N

12 GeV CEBAF

Figure-8 ring design =
High electron and ion polarizations, polarization manipulation and spin flip

Integrated full acceptance detector with far-forward detection sections being parts of both machine and detector

Upgradable to 140 GeV CM by replacing the ion collider bending dipoles only with 12 T magnets

Courtesy: V Morozov, A Seryi




eRHIC

Hadrons up to 275 GeV =y
eRHIC is using the existing RHIC Comple}(;«"" /~*"

Storage ring (Yellow Ring), injectors, ion :
sources, infrastructure, —
Need only few modifications for eRHIC

Todays RHIC beam parameters are close

to what is required for eRHIC /

/ Electiod
/" njector (RCS) AN

Electrons up to 18 GeV

Electron storage ring with up to 18GeV = E_,, = 20 GeV -141 GeV installed in RHIC
tunnel. Beam current are limited by the choice of installed RF power 10 MW.

Electron beams with a variable spin pattern accelerated in the on-energy, spin
transparent injector: Rapid Cycling Synchrotron with 1-2 Hz cycle frequency in the
RHIC tunnel

Polarized electron source and 400 MeV s-band injector linac in existing tunnel
Design meets the high luminosity goal of L = 103*cm-2s-’

=
=
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Key EIC Machine Parameters

as required by the NSAC LRP & NAS

Parameter

Center of Mass Energies [GeV] 20-100 ) 20-140
lon Species ptoU ptoU
Number of Interaction Regions 2 2
Hadron Beam Polarization 85% 80%
Electron Beam Polarization 80%-85% 80%
Maximum Luminosity [10%*cm s 1.55 1.3

a) upgradable to 140 GeV
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High Luminosity Implementation

As both designs, JLEIC and eRHIC are storage ring designs, the
same ingredients are required for large luminosity

« Large bunch charge
 Many bunches = large total beam currents
=» crossing angle collision geometry
« Small beam size at collision point achieved by
* small emittance
=» Small hadron emittance requires strong hadron cooling
(or frequent injection)
* and strong focusing at IR (small )
=» required short bunches = need strong cooling

Beam-Beam Limit: Transverse beam density at collision point limited
I by the de\trimental effect of the corresponding nonlinear lens

\h b R ’
)
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EIC Luminosity

IR Designs can be adjusted to obtain peak luminosity at different center of mass
energies. The curves below show luminosity vs E_,, with IRs optimized for high or
low center of mass energy. With two IRs, in principle both optimization can coexist in
the same machine

: o
‘ [ Tomography (p/A), Transverse Momentum T “_(‘2
. [ JLEIC Distribution and Spatial Imaging eRHIC S
O 1034 \ , Optimization - 100 é‘
- for high E wn

s S

‘; I Spin and Flavor <
= 33 | erHIC Structure of i
5 10 E Ot o the Nucleon and JLEIC )

(@) ptimiza E ]

- | for E.,=45 GeV nergy )
E - Internal U pgrade g

S5 1032 Landscape of - 1 W

— : the Nucleus -
&

| 3

1031 ' ' ' . - Q

0 40 80 120 <

Center of Mass Energy [GeV] ————

Note: For electron ion collisions, the E_,, scale needs to be reduced by a factor (Z/A)Y/2
S

I



Strong Hadron Cooling and High Luminosity

For high luminosity operation of the EIC strong hadron cooling is desirable if not
necessary to avoid rapid decay of the luminosity caused by emittance blow-up
due to intrabeam scattering

The two proposals operate at different ranges of hadron energy and the cooling
systems are optimized accordingly.

« JLEIC uses a multi-turn magnetized bunched electron beam cooling ring fed by
an energy recovery linac to balance IBS growth time between 15 and 40
minutes. This cooling increases the luminosity at lower energies, however
JLEIC is not relying in this cooling for reaching NSAC goals, as it can use short
Eill?a/g‘ilth rafigj turn arounds for achieving high average luminosity quoted as

: cm=s’,

« eRHIC has only modest IBS growth rates of t>2h for highest luminosity. It uses
micro-bunched electron cooling as an option but does not rely on cooling to
operate at highest luminosity as there is an on-energy for frequent injections
Iavailable which results in an average luminosity which is still 90% of the peak
uminosity.




Strong Hadron Cooling Scheme for JLEIC

« Magnetized electron beam for higher cooling efficiency

» Cooling electron beam is energy-recovered to minimize power consumption

» 11-turn circulator ring with 1 amp of beam current relaxes electron source requirements
» Fast harmonic kicker to kick electrons in and out of the circulator ring

» Pre-cooling a low energy is essential to achieve the anticipated performance

top ring: CCR

ion beam magnetization flip magnetization flip ion beam

E\GD injector \

fast injection kicker

I\
( beam dump ‘/ -

ast extraction kicker ) )
septum circulating bunches septum

i -
——— -
- o

Re-chirper

vertical bend

bottom ring: ERL

Courtesy: V Morozov, A Seryi




eRHIC Strong Hadron Cooling

Coherent Electron Cooling with p-bunching Electron Beam Optics

D%

1
%x LINAC Modulator Plasma Plasma Kicker
.o . ERL Section Ampiification Ampiification
amplirication o \ \
05 \ “ \
‘\ \‘ “

Section
stage2 L\/J‘

[mm]

\ | \ {
‘ \ |
RS6 A { .
compensated
bend p-Bunching Chicanes
- 05}
Hadron Chicane

R56 + pathlength
shifted s.c.

adjustment shifted s.c. o
arc dipole arc dipole 0 100 200
drupole Pl
quadrupole qua
triplet I I l triplet
I ~e—— hadron beam l
I I ~«<—— electron beam I l
A LT
| | | | | | |
Kicker 14 Ap Modulator
section Amplification channel with bunch compressor chicanes section
hnn ERL e-Source
quadrupole AW i R e i
triplet I I I l l I l l l l l I l N
I s ]
| I Electron return

quadrupole
|

triplet '
Straight Section IR-2 L= -~200m

Micro-bunched cooling is a novel scheme based on available technology

For eRHIC, strong cooling as desirable but not necessary for high luminosity (especially high average luminosity) as the

hadron beam could be replaced frequently on-energy using the existing second ring of present RHIC. As the JLEIC
scheme, this option requires electron cooling at low energy.




Alternative to Strong Hadron Cooling in eRHIC

« eRHIC maximum luminosity of 1:103* cm~s-" does not depend on the feasibility of
strong hadron cooling.

» Since RHIC has a second superconducting ring, the Blue Ring, on-energy
injections into the collider ring, the Yellow Ring will replace the hadron bunches
after one hour of storage.

» Transfer takes 13 us and will preserve the total charge in both machines, no
transient injection effect.

Kicker Kicker Kicker

Blue Ring
—T T «v”/. - o=
—- P—— . P —

Yellow Ring

» The emittance growth between injections is so small that an average luminosity of
0.9:-10%4 cm-2s-! will be achieved.

* The required small vertical emittance €y, = 0.5 um will be achieved with standard
DC electron beam cooling in the AGS.

* No new hardware for spin transparency is required
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eRHIC Rapid Cycling Synchrotron
Polarization

Ingenious optical design: High periodicity arcs and unity transformation in the
straights suppresses all systematic depolarizing resonances up to Gy =45

=> resonance free acceleration up >18 GeV

= no loss of polarization on the entire ramp up to 18 GeV (100 ms ramp time)

<5,>
1.00
0.95
0.90
0.85}
0.80
0.75

40.8

Spin transparent straight section

- 50 msec ramp
- 100 msec ramp

-~ 200 msec ramp

Ring with pure P=96 super-periodicity 0.70

L L L L GV
25 30 35 40 45
Need well aligned quadrupoles and rms orbit £ 0.5 mm and good reproducibility

=>» Well within the present state of the art of orbit control and achieved today by NSLS-Il Booster
synchrotron




Polarization in the electron storage ring

Solenoid based Spin rotators =2 longitudinal spin in collisions (arcs: vertical polarization)
High initial polarization of 85% will decay towards equilibrium polarization P_, due to
Sokolov-Ternov effect

P ., of 40-50% achievable (HERA experience and eRHIC simulations)

Time evolution of high polarization of bunches injected into the eSR at 18 GeV (worst case)
RCS cycling rate = 2Hz =2 on average, every bunch refilled in 2.2 min

BP
BP
11 Refilled every 1.2 minutes  JT Refilled every 3.2 minutes

Re-injection

l P_=30%

1

P,=80% B _#’(0)_-:85‘;/6 RiSSSia

P(%)
o

P(0)=-85%

[ O |

OA1+‘2A3/-‘1A56

timin]

Re-injection




JLEIC High Electron Polarization

« Two highly polarized bunch trains maintained by top-off

» Universal spin rotator
« Minimizes spin diffusion
by switching polarization
between vertical in arcs
and longitudinal in straights Mag"ﬁ““_“e"’{
« Sequence of solenoid and oo v )
dipole sections

Spi;
n Rota o

« Geometry independent of energy Energy (GeV) il I I S
. . . Lifetime (hours) 66 8 2.2 0.9 0.3
« Two polarization states with equal
lifetimes E | Solenoid 1 Zigﬂe Solenoid 2 Zigtc"ze
H H electrons Spi Spi Spi Spi
¢ BaS|C Spln matCh (—-—-[ Rotzlt?on =k Rotglt?on Rotglt?on =it Rotzlt?on

o o1 sol1 Arc GeV rad T'm rad rad T-m rad

P 82 | ‘ 3 /2 15.7 /3 0 0 /6

. : o 1‘ N 4.5 /4 11.8 /2 /2 23.6 /4
S €= i -anm @ ' S 6 0.62 12.3 | 2m/3 1.91 38.2 /3

G =44 o BE 9 | we 157 ] w 2m/3 | 62.8 | T2
12 | 062 | 246 | 4m3 | 1.91 | 764 | 2m/3

» Advantage of figure-8 geometry:
negligible depolarization demonstrated by spin tracking
= vy " .. 4 y :

—~—

Courtesy: V Morozov, A Sery'/i



eRHIC Hadron Polarization

eRHIC will fully benefit from present RHIC polarization and near future upgrades

Measured RHIC Results: i PR S
* Proton Source Polarization 83 % spin foper

* Polarization at extraction from AGS 70%
e Polarization at RHIC collision energy 60%

Planned near term improvements: L

s
(longitudinal polarization)

AGS: Stronger snake, skew quadrupoles, N7 3o oo (entuseal prcaten)
increased injection energy
=»expect 80% at extraction of AGS B
RHIC: Add 2 snakes to 4 existing no polarization loss z;wevpomm/ T —

=>» expect 80% in Polarization in RHIC and eRHIC S WU
Expected results obtained from simulations which are benchmarked by RHIC operations

5.9% Helical Partial
Siberian Snake

Int. Polarimeter

—
e

3He in eRHIC with six snakes
Achieved 85% polarization in 3He ion source
Polarization preserved with 6 snakes for up to twice the design emittance

<
Deuterons in eRHIC:

Requires tune jumps in the AGS, then
benchmarked simulation show 100% Spin transparency

No polarization loss expected in the eRHIC hadron ring
TS a7
S
.

Polarization After Each Resonance

~

s
.




lon Polarization in JLEIC

Figure-8 concept: Spin precession in one arc is exactly cancelled in the other
Spin stabilization by small fields: ~3 Tm vs. <400 Tm for deuterons at 100 GeV
 Criterion: induced spin rotation >> spin rotation due to orbit errors

3D spin rotator: combination of small rotations about different axes provides
any polarization orientation at any point in the collider ring

No effect on the orbit

Polarized deuterons

Frequent adiabatic spin flips ~ rotator

Courtesy: V Morozov, A Seryi
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Interaction Region Design

The interaction regions are the most challenging part of a EIC design.

* |t needs to fit several essential components into a relatively small area
* Such as: Strong focusing, spin rotators, crab cavities, auxiliary detectors, mask and
collimators, diagnostic equipment
* The accelerator components should not compromise the detector acceptance
e Design has to take into account that there are beam dynamics constraints:
IR chromaticity and related dynamic aperture issues, beam-beam tune shift, tight
tolerances for magnet errors, residual crab cavity effects, ...




EIC High Luminosity with a Crossing Angle

crossing angle is necessary to avoid parasitic collisions due to short bunch spacing,
make space for machine elements, improve detection and reduce detector
background, g =50 mrad (JLEIC), 25mrad (eRHIC)

However, crossing angle causes \ \ y

* Low luminosity

« Beam dynamics issues sunh

mmmm=) Crab Crossing - )q, T

Effective head-on collision

restored and most severe beam

dynamic issue resolved » wo \

“>~._  Bunch de-crabbing

Both JLAB and BNL developed
prototypes which have been
tested with beam in the Cern-SpS

Courtesy V. Morozov and Andrei Seryi



JLEIC Full Acceptance IR Layout

50 mrad crossing angle

Forward hadron detection in three stages

’ Endcap_ ] End cabs Roman pots
« Small dipole covering angles up P
to ~3° N /\
IR
« Far forward, ~10 mrad, hadr&t\'t:t electrons
for particles passing through Secondan
accelerator quads T focus
Low-Q2 tagger | Low Q7 tagger
« Small-angle electron detection

Large beta functions in the IR up to 4 km
but manageable chromatics and dynamic
aperture Central detector

N +10 mrad

Courtesy V., Moro




X1m]

Full Acceptance eRHIC IR Layout

Rear Forward
- - Hall
TunnTI Wall ]
y‘ Dipoles Griilh Central Detector vy
Low ang p Rotator
/ fxg t@j&ﬁ
i pi—
} ]| ZDC | ll_
o1 s BT et PRy
&l Spin Rotator monitor crab Spinlrota_t;}on }
Hadron crab solenoids |
el 7| Experiment
“T” Hall
—100 ~50 0 50 100
Z [m]

Nl “\‘r(?(“l" ",,)\
(T

Design

 All superconducting
magnets

* Only 5 magnets need
collared Nb-Ti coils

» All other magnets can be

built with direct wind of

Nb-Ti wire

Full acceptance e.g.

P, =200 MeV/c-1.3 GeV/c

Neutrons 4 mrad

Large Aperture Dipole

with instrumented gap

Modest IR chromaticity

Hadrons up to $<200m

=» Manageable dynamic
aperture optimization




EIC Beam Dynamics Challenges

* Proton Beam Stability (emittance growth, halo forming) in presence of
strong, crab-enhanced beam-beam effects, strong chromatics

» Electron cloud in the hadron vacuum, suppression of secondary emission
yield

» Fast lon instability for the electron beam

« Multi-bunch stability and feedback: Feedback noise and hadron
emittance growth

* Impedance optimization in the IR

« Dynamic aperture with extreme beta in the IR




On-Going EIC R&D Effort

Component Development

Crab Cavity design development and prototyping

IR magnet development and prototyping

HOM damping for RF structure development

Variable coupling high power forward power couplers development
Effective in situ Cu coating of the beam pipe (BNL hadron only)
High average current electron gun development

Polarized 3He source

Bunch by bunch polarimetry

Accelerator Physics R&D

Strong hadron cooling CeC, cooling development (simulation and experimental)

Crab cavity

é’— 2018 16 1.4 1.8 1.0 0.8 06 0.4 0.2 0.0
[BI(T)

AAOG 0.4 0.2 0 x(m)02 04 0.6 0‘8

Instrumented accelerator magnet

Strong hadron cooling bunches electron beam cooling (simulation and experimental)

ERL development for strong hadron cooling
Test of suppression of intrinsic depolarizing resonances

Study of collisions with different revolution frequencies (JLAB only) ¢

Experimental verification of figure-8 configuration
Study of residual crab cavity effect on beam emittance

| "'l?(. =,
(I

P |
[ - L

crab frequency: 112.6MHz crab frequency: 337.8MHz

300 -200-100 0 100 200 300 " _300-200-100 0 100 200 300
5 [mm] 5 [mm]

-_—

x [mm]

(L
WM oE e H N W




Conclusion

Designs of EIC made significant progress since the last EICUG meeting

There is good collaboration on accelerator physics and accelerator R&D between
accelerator laboratories

The two designs rely for the most part on established accelerator technology

Crab cavity, IR magnets, and ERL are close to state of the art
strong hadron cooling is beyond, but is well mitigated

BNL and JLab are committed to working together and with the community to
advance the EIC.

We welcome further collaboration with our European colleagues
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EIC Requirements

From the EIC White Paper:

O Highly polarized (~70%) electron and light ion beams

O lon beams from protons, to deuterons, to the heaviest nuclei
(uranium or lead)

O Variable center of mass energies from ~20 - ~100 Gey,
upgradable to ~140 GeV

a High collision luminosity of ~1034 cm-2s-"

O Possibilities of having more than one interaction region

-202- 202 .ggj/fe;s)on Lab



JLEIC Overview

* Electron complex
— CEBAF as a full energy injector
— Electron collider ring (ECR): 3-12 GeV/c

* lon complex
— lon source, SRF linac: 150 MeV for proton
S
— Low Energy Booster (LEB): 8.9 GeV/c
— High Energy Booster (HEB): 13 GeV/c
— lon collider ring (ICR): 200 GeV/c

hteraction * Up to two detectors at minimum background |
gpoint ocations

» 20-100 GeV CM, Upgradable to 140 GeV CM
\ 242100500 CM, Upgradabiatai g 6e)

High Energy
Booster
(13 GeVi/c)

'On "na G
(150 Me

mnergy

100m Booster

(8.9 GeVic) Electron co
Electron s (3-12 GeV

source

12 GeV CEBAF

503. .ggj/fe?s’on Lab




Magnets, Kickers, BPMs - Summary

Element Type Electron Complex lon Complex
Length of Beamline 2,669 m 5,416 m
Dipbole Maanets Normal-Conducting 369 252
P 9 Superconducting - 258
Normal-Conducting 515 394
Quadrupole Magnets Superconducting 6 196
Normal-Conducting 148 48
Sextupole Magnets Superconducting - 56
Normal-Conducting 321 164
Correctors Magnets Superconducting - 55
Solenoids Magnets Superconducting 10 6
Kickers Normal-Conducting 2 6
BPMs 321 337

T

-204 -
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Accelerating and Bunching — Summary

# Cavitie Cavities  Fwd Pwr per

per unit cavity (kW)

Electron Collider Ring Acceleration — Normal Conducting 16* 1 500**
Acceleration — SRF 12 4 600
Crab Cavities — SRF 6 3 40
Low Energy Booster Acceleration/Bunch Control 3 1 50
High Energy Booster Acceleration/Bunch Control 7 1 100
lon Collider Ring Acceleration/Bunch Control — Normal 3 1 120
Conducting
Bunch Control — SRF 26 4 120
Crab Cavities — SRF 24 6 30
Electron Cooling DC Cooler (LEB) 1 4 50
’ DC Cooler (HEB) 1 1 50
Bunched Beam (ICR) — ERL 15 2 50

*j"-gEP-II Cavities and HPAs

I - 205- Jefferéon Lab



Technical Components — Electron Complex

« CEBAF — Full Energy Injector — no new elements

 Electron Collider Ring — 2,336m Length

— Arcs — 167 Dipoles, 167 Quadrupoles, 148 Sextupoles, 167 Correctors

— Straights — 46 Dipoles, 274 Quadrupoles, 154 Correctors, 8 superconductin
g Spin Rotator solenoids

— 321 BPMs, other instrumentation, and vacuum elements

— 16 RF Cavities with associated HPA and PS — from PEP-II

— 12 SRF Cavities (3 cryomodules) with associated HPA and PS (new)
— 2 normal conducting kickers and beam dump

* Many of the normal conducting magnets are expected to be PEP-I| reuse

-206 - J,gff/egon Lab



Technical Components — Electron Complex

 Electron Transfer Line — 333m Length
— 156 Dipoles, 68 Quadrupoles
— Instrumentation and vacuum elements

* Interaction Region
— 6 superconducting final focusing quadrupoles with nested skew quadrupoles

— 2 superconducting solenoids (to counteract detector solenoid)
—SRF Crab Cavities

-207 - J,gff/egon Lab



Technical Components — lon Complex

* lon Injector and SRF Linac — 150 MeV p, 40 MeV/u Pb%"*
—SRF QWR and HWR — Based on FRIB linac design
—IH-DTL with FODO
— Separate heavy ion and light ion RFQs

« Low Energy Booster (LEB) — 604m Length, Figure-8 design
—Ey, = 150 MeV - 8.9 GeV
— 104 Dipoles, 144 Quadrupoles, 32 Sextupoles, 57 Correctors
— 57 BPMs, other instrumentation, and vacuum elements
— 2 Kickers for injection/extraction
— 3 Normal-Conducting Cavities for acceleration and bunch control
— DC Electron Cooling with 1 cooling solenoid for heavy ions

« High Energy Booster (LEB) — 2,336m Length, Figure-8 design
—Ey, = 8.9 GeV - 13 GeV
— 124 Dipoles, 202 Quadrupoles, 16 Sextupoles, 107 Correctors
— 107 BPMs, other instrumentation, and vacuum elements
— 2 Kickers for injection/extraction
— 7 Normal-Conducting Cavities for acceleration and bunch control
— DC Electron Cooling with 1 cooling solenoid

-208 - Jﬁ@on Lab



Technical Components — lon Complex

* lon Collider Ring — 2,336m Length
— Arcs: 208 Dipoles, 112 Quadrupoles, 56 Sextupoles
— Straights: 50 Dipoles, 74 Quadrupoles, 53 Correctors
— 337 BPMs, other instrumentation, and vacuum elements
— 2 Kickers for injection/extraction and beam dump
— 26 SRF Cavities (7 cryomodules) for Bunch Control
— 3 Normal-Conducting Cavities for Acceleration and Bunch Control
— All magnets are superconducting

* Interaction Region

— 6 Final Focusing Quadrupoles, 4 Skew Quadrupoles, 2 Anti-solenoids, 2 Co
rrectors

— 3 Spectrometer Dipoles (part of the detector system)
—SRF Crab Cavities
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Technical Components — lon Complex

 Transfer lines:
—Linac—Low Energy Booster
—Low Energy Booster—High Energy Booster
— Total: 24 Dipoles, 48 Quadrupoles, all magnets are normal-conducting

« Bunched Beam Cooling with ERL
—Magnetized Gun
—50 MeV Linac Cryomodule
— 2 Fast Kickers
— Chirper/Dechirper
—Beam Dump
— 10 Dipoles, 15 Quadrupoles, 2 x 180° Sector Bends
—4 x 15m superconducting solenoids (in the ion collider ring)
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Other Systems

* Electrical Utilities: 67.5 MVA peak load

« Low Conductivity Water (LCW) for cooling of normal conducting ma
gnets, power supplies, HPAs

« Cryogenics
—12.0kW @ 4.5K equivalent plant
—2.1K required for all SRF
—4 5K distribution with sub-atmospheric return from systems requiring 2.1K
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Conventional Facilities

« 67 buildings with 110k sq ft

— Service buildings (for accelerator components)

— Access buildings (service buildings with a crane-serviced drop hatch to tunn
el elevation)

— Counting house
— Cryogenics plant
e Tunnel

— 3.5 km of shallow tunnel (30ft construction depth)
— Vaults for two detectors

* |Infrastructure

— Power distribution
—|ICW and LCW
— Roads
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JLEIC Planning Overview

Now to CDO: Pre-project

» Pre-project R&D: validation of basic design technology and further risk reduction (JLEIC bas
eline design minimizes project risk)

» Pre-project activities (site evaluation and environmental impacts, configuration management)
» Collaboration on EIC (National Labs: BNL, ANL, SLAC, LBL, Universities, International, EICUG)
» Preparation of a pre-CDR (COMPLETE), to prepare for full CDR

CDO to CD1: On-project
» On-project R&D (value engineering for performance optimization and cost reduction)
» Delivery of full CDR
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Basic Design

@ High luminosity: high collision rate of
short low-charge low-emittance bunches
— Small beam size
* Small B* = Short bunch length
Low bunch charge, high repetition rate
+ Small emittance = Cooling
— Similar to lepton colliders such as
KEK-B with L > 2x1034 cm-2s-"

Beam Design
* High repetition rate
* Low bunch charge

* Short bunch length
* Small emittance

e
4ro .0, &P,
® High polarization: Figure-8 rings
— Net spin precession zero
— Spin easily controlled by small
magnetic fields for any particle
species

IR Design
* Small B*

* Large beam-bea
* Crab crossing

e Optimal integration IR and total acceptance detector (including far-forward acceptance)

e, Technical risk minimization
adopt established technology where possible, focus technology demonstration in few selected areas
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CEBAF as Injector

Commissioned in Spring 2014
Operated at 12 GeV in Fall 2015
First Physics Run in Spring 2016

Exciting science fixed target
program

* Fixed-target program compatible
with concurrent JLEIC
operations

JLEIC injector
« Fast fill of collider ring
* Full energy
« ~85% polarization
* Enables top-off

Up to 12 GeV
to JLEIC

P —0
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Electron Collider Ring

Circumference of 2,336 m
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lon Linac: Layout and Highlights

RT Section SRF Section

AZs7 Stripper (“C) : |
@JRFG, 100 MHz 100 MHz 100 MHz P 100 MHz 200 MHz

100miz »DTL+ DTL - DTL " QWR o HWR o HWR  HWR

z
& RFQ
NZs2

150 MeV p, 40 MeV/u Pbé7*

Separate light/heavy ion RFQs/LEBTs
Improved NC FODO DTL with IH structure
SRF based on ANL/FRIB QWR/HWR designs

Active collaboration with ANL

J’e:t?e;s)on Lab
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lon Low Energy and High Energy Boosters: Layout and Parameters

LEB: E,, = 150 MeV —8.9 GeV

Ring circumference: 604m

/ HEB: E,, =8.9 GeV - 13 GeV

Ring circumference: 2,336 m

A
Y

908 m
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lon Collider Ring

Circumference of 2,336 m
Superconducting Cosd magnets
SRF: bunching RF, electron cooler ERL, crabbing

I

~25 mfor Crab Cavities —, - -~

Electron - ~/D£p

cooling

L™ Polarimeter

|R/// Future IR

Disp. supp.
\ Geom. match

Disp. supp. IP §
/ SD spin G
rotator S

Y ~25 m for Crab Cavities
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Detector Region Layout

50 mrad crossing angle
« Fast beam separation, no parasitic collisions,
improved momentum resolution of the solenoid
Electron beam on a straight line
« Downstream chicane for spectrometry and polarimetry

| f
F"l‘ Ty s :
i, :
lllml H- l~| m%imhm—m—m—mml—l—l—l—kl—l—'kk
“lm}.[-«k-—|~|- g —l| -
Compton 4 T s ~~ f
. fonNard ion detectlon
polarimetry forward e detection /.- T IOHS
‘ /
v dispersion suppressor/
spectromifrs geometric match
Interaction Point
lon Beam Electron
.._\) Entrant Electron Beam
— o "] e ——— S
e s——— ————
lon Up Beam —_— : —
Detector Solenoid Detector lon Down Beam
Dipole #1
e Dipole #2
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JLEIC Bunched Beam Electron Cooler

Parameter Value Units
Electron energy 20—109  [MeV]
Charge 1.6 (3.2)f [nC]
CCR pulse frequency 476.3 [MHZ] ERL (bottom)
Gun Frequency 43.3 [MHz| :
) - dump linac magnetized gun
Bunch length (top-hat) 4/23 [cm/°] ik Bosier
Thermal (Larmor) emittance <19 [mm-mrad] - O~
Cathode spot radius 31 [mm] wipoie e
Cathode magnetic field 0.05 [T] ion beam CCR (top)
Normalized hor. Drift emittance 36
oy 8 o - i 4 [ \—r_’ cooling solenoids \_Y_}
rms Energy spread (uncorr) 310 [ N ennnetissiion il
Energy spread (p-p corr.) 6x1074 [ DC & RF kicker DC & RF kicker
Cooler solenoid field 1-2 [
Electron beta in cooler 36 [cm] _ _ .

. DC & RF kicker [TURRRRRRRROPPRITTLIEE, Chbibbiitl! (LTTTDOPNOUR DC & RF kicker
Solenoid length 4x15 [m] COR e e i i ’__[:<:- ———— ol L T W
Bunch shape Beer can [—] o T ot X;;C?e?j ..... chirper

-~ njected ® ounch orge~~ G- ’
dipole Beam Exchange (side) dipole

,ggj/fegon Lab
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