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Energy is not all...
Luminosity counts
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The Intensity frontier
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SC Magnets and SRF cavites
are widely spread
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Accelere 1nologies advanced

Tevatron 1983-2011 2x0.5 Superconducting Magnet (SCM)
cC HERA 1990 -2007 4.68T SCM industry-manufac., e-p Collider,
RHIC 2000 ~ 346T SCM — low cost
hh  gps 1981-1991 2 x 0.42 (NC mag.) P-bar Stochastic cooling
LHC 2008 ~ 2x(6.5>>7) 7.8T -->8.4 SCM (NbTi) at 1.8 K, SRF
HL-LHC Under constr. 11~12 SCM (Nb;Sn), SRF-CC, e-cooling
TRISTAN 1986-1995 2 x0.03 5 SRF (Nb-bulk), SCM-IR-Quad (NbTi)
LEP 1989-2000 2 x0.55 5 SRF (Nb-Coating) , SCM-IRQ
KEKB 1998~2010 0.002+0.008 5 Luminosity, SRF Crabbing, SCM-IRQ
Super-KEKB 2018 ~ 0.004+0.007 5 Luminosity, Nano-beam, SCM-IRQ
SLC/PEP-II 1988/98~2009 2x0.5 Normal conducting RF

(Eu-XFEL) (2018 ~) (0.0175) (23.6)  SRF HG (Nb-bulk)




(to be
filled)

Lumino
sity
[1E34]

129
(- 300)

160
(- 580)

Value
[Billion]

24 or
+17 (aft. ee)
[BCHF]

10.5+1.1

[BCHF]

5

[B3]

<5.3>
(for 0.25 TeV)
[BILCU]

5.9
(for 0.38 TeV)
[BCHF]

10~20
(0.4/0.8)

20 (~ 40)
(0.65)

31.5 - (45)
(1.3)

72 -100
(12)

High-field SC magnet (SCM)
- Nb3Sn: Jc and Mechanical stress
Energy management

High-field SCM
- IBS: Jcc and mech. stress
Energy management

High-Q SRF cavity at < GHz, Nb Thin-film
Coating

Synchrotron Radiation constraint

Energy efficiency (RF efficiency)

High-Q SRF cavity at < GHz, LG Nb-bulk/Thin-
film

Synchrotron Radiation constraint
High-precision Low-field magnet

High-G and high-Q SRF cavity at GHz, Nb-bulk
Higher-G for future upgrade
Nano-beam stability, e+ source, beam dump

Large-scale production of Acc. Structure
Two-beam acceleration in a prototype scale
Precise alignment and stabilization. timing




Technical Challenges in Energy-Frontier Colliders proposed

Lumino AC- Value
sity Power [Billion]
[ME34] | [MW]

| Hadron Colliders:
- High-field magnets - protectio

¢ Lepton Colliders:
- SRF cavity: High-G and Hig-Q
- NRF acc. Struct.: large scale, alignment, tolerance
- Energy management

L
8 clc  corR 08 15 160 5.9
ee

(-3) (- 6) (- 580) (for 0.38 TeV)

[BCHF]

Major Challenges in Technology

High-field SC magnet {SCM)
- Nb3Sn: Jc and Mechanical stress
Energy management

High-Tiekd SCM
- 185: Jec and mech. stress
Energy management

High-Q SRF cavity at < GHz, Mb Thin-film
Coating

Synchrotron Radiation constraint

Energy efficiency (RF efficiency)

High-Q SRF cavity at < GHz, LG Nb-bulk/Thin-
film

Synchrotron Radiation constraint
High-precision Low-field magneat

High-G and high-2 SRF cavity at GHz, Nb-bulk
Higher-G for future upgrade
Nano-beam stability, e+ source, beam dump

| arge-scale production of Ace. Structure
Two-beam accederation in a prototype scale
Precise alignment and stabilization. timing




Evolution of max magnetic field
In hadron collider, past and future

HTS option @
.Eucardz insert in Fresca2

CERN-CEA Fresca 2 — Fnal HFD & ® Fcc R&D @
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o (@]
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Circular hadron colliders: FCC-hh and SppC

circumference ~100 km, two high-luminosity experiments up to 3 (1) x 103° cm2s, two
additional experiments possibly combined with injection section, collimation insertions
(betatron and momentum cleaning), extraction/dump insertion, RF insertion,

values in brackets refer to CEPC

. B

* *

ET \
-+ Exp. T Inj. + Exp.

N

1.4 km

28km — extractionll D

17 Sept. 2021



A SC magnet
cannot be better
than its
superconductor...
But it can be
much worst...

The key for Sc magnets:
SUPERCON DUCTOR

l |
| YBCO BII Tar)e Planei

' ! ! [l | SuperPower \
] £ "Turbo" ‘
0 Double Laver

| . O
+2 YBCO Bl Tape Plane Tape

S
| IHWL

_ Nb-Ti. 19K | | | | R _IRRP Nb-Sn

lQ

Maximal Jg for ‘ Compiled

entire LHC NbTi om ASC'02
strand production (- ‘ O nd ICMC'03
) CERN-T. Boutboul

s (J.
7, qnd(--) 5T g
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Applied Field (T)

«= ==YBCO: Parallel to tape
plane, 4.2 K

== »YBCO: Perpendicular to
tape plane, 4.2K

e 2212 Round wire, 4.2 K

s Nb3Sn: High Energy
Physics, 4.2 K
wege==Nb-Ti (LHC) 1.9K

42 7ﬂ1ammt ()8
ST strand with Ag
alloy outer sheath
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The perfection of the LHC Nb-Ti

- e —
Full cross

| ‘ ‘ ‘ _ ~Fine filaments of Nb- Shttign of
‘ l ~ '[.1 m aCu mmnx; or. ; a CufNb-

Tiwire
(1.06 mm
dia.) far
There are 300,000 km of 1 mm er; EEC
SC wire in the LHC, arrangd in 6000

7,000 km of Rutherford cable Cannd ANV flaments

of 7 um
dia.

Each wire contains 5-7,000 6 um
V@)

Nb-Ti filaments ... 1 um spaced! r—wr\p(—\(ﬁr— (\ DB Qr\/—x)m DO®
Y Iy g DD DR G f.\"i‘l
> 2 billions km of filaments 2> s

eight the round trip Earth-Sun' 3 ; Rurtherford cables, composed by the wire
: o e . | shown above.

View of the flat side {at right), with one end
etched to show the Nb-Ti filaments. View of the
cross section at the top




How Nb,Sn Is developing

4500
4000 FCC specs
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Progress of HEP Nb,Sn

« Atrtificial Pinning Center (APC) approach reached: J. (16T, 4.2K) ~ 1500 A/mm?

 Mas-Production and cost-reduction is yet to come !!
1600

1400

1200
Main development Target:

« J. (16T, 4.2K) > 1500 A/mm?
- 50% higher than HL-L}

[EEN
o
o
o

LHC o
High Luminosity

1000

J_in A/ram?

D
o
o

Global cooperation:
CERN/KEK/Tohoku/JASTEC/Furukawa

Joat 4.2 K (A/mm?)

- . = 1.9K (FCC)
CERN/Bochvar High-tec. Res. Inst — 42K (FCC)

CERN/KAT Fedm ——16 T Loadline
CERN/Bruker 0
T.U. Vienna, Geneve U., U. Twente, 10 12

Florida S.U. - Appl. Superc. Center - Achieved by a ternary approach: ® Achieved by APC approach:

US-DOE-MDP, Fermilab K. Saito/T. Ogitsu et al. X. Xu et al (Fermilab)
(JASTEC/KEK)

A. Ballrino et al., ASC-2018, DOI 10.1 109/IEEE TASC-2019, 2896469.
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Main indicators for magnets
scales as o« B
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U.S. MAGNET
DEVELOPMENT
PROGRAM

Eur::CirCol

A key 1o New Physics

Common coils

CHART?2

Swiss Acc. Research & Technology
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= Recent very successful 14 T magnet
reached by US MDP cosU dipole at FNAL

U.S. MAGNET ) ; Ml 3 Fermilab .
()\ rrocran | Key milestone: 15 T dipole §: -

SL

. 100% SSL  87% S
* 4 layer graded magnet, 1-m long ‘é
¢ 1ststep: 14.1 T performance . = ‘ |

1.9K '4.5K

[
O O O
(V)

g 8

§ 3888

Quench current (A)

€ 8 10 12 U6 18 .20 Courtesy of A- Zlobin; FNAL
Quench number

But the route is long... at > 15 T the magnet failed... a 16 T 100 km accelerator is not yet at hand...
In May 2020 in Budapest the new ESPP whas been approved...

Now the roadmap is being discussed by LDG to be presented to CERN Council next weeks...



Reducing the temperature from 4.2 K

Nb-Ti 42K LHCinsertion Maximal J, at 1.9 K for entire LHC NbTi
quadrupole strand strand production (CERN-T. Boutboul '07).
(Boutboul et al. 2006)
produces a ~3 T shift inJ, for Nb-Ti

'\'A".x.-l~+_‘_

A e e
. 2223:B1
A 75 Tape Plane
Nb-Ti 0 Sumitomo

7 A S Electric (2012
4.22K High Field o prod.)
MRI strand % E

(Luvata)

A
MgB,: 2nd Gen. AIMI 18+1
Filaments , The OSU/ HTRI, A
2013 %

SuperPower tape, 50 um
substrate, 50 um Cu, 7.5% Zr,
measured at NHMF

—

‘05.
S50,
2212 "‘... 55x18 filament B-OST strand with NHMFL
50 bar Over-Pressure HT. J. Jiang et al.

S ___J

/ 2223: B || Tape Plane
Sumitomo Electric (NHMFL) /

Bi-2212

2223 "Carrier
Controlled"

MEM’&
Nb,Sn:
Bronze Process

Compiled from
ASC'02 and
1CMC'03 papers

4543 filament High Sn \ (0. Parrell O1-5T)

S
2223: B Tape

Plane sumitomo
Electric (NHMFL)

Nb,;Sn: High J,_

Bronze-16wt. %Sn-0.3wt%Ti
(Miyazaki-MT18-1EEE’04)

=== REBCO: B || Tape plane
<~ REBCO:B L Tape Plane
m=jée= Bi-2212: 50 bar OP
=== Bj-2223: B || Tape Plane
== Bi-2223:B L Tape Place
O Bi-2223: B L Tape plane (carr. cont.)
== Bj-2223: B L Tape plane (prod.)
m=Om=s N b3Sn: Internal Sn RRP®
wesdms Nb3Sn: High Sn Bronze
m=e== Nb-Ti: LHC 1.9 K
== = Nb-Ti: LHC 4.2 K
* *Xe* Nb-Ti: High Field MRI 4.22 K
A= MgB,: 18+1 Fil. 13 % Fill

AGLAB

Application expected for CCT by using B2212

Courtesy, P. Lee, S. Prestemon

Previous
LHC

record-performance -
Bi-2212 strand

0

T | L N R |
14 16 18 20 22

B (T)

2 4 6 8 10 12

wGimaf

@ MAcLas




Three HTS/Rebco Inserts

DCooperation)

ARD2: Feather-M2

flared Ends caoll
ReBCO, Roebel cable,
stand alone tested Apr
2017:

Reached 3.37 T @ 4.2K
(I=6500A)

in
‘‘‘‘‘

pppppppppppp

uuuuuu
nnnnnnnnnn
111111
ulation

jump
ppppp

Mid-plane plate 3"

EuCARD2: ¢
(CEA),

cosO coll,
ReBCO, Roebel ca
being fabricated,
stand alone test in
autumn 2019

Cos theta

v,

%

B=

Eucard2+ HTS-insert
tested in 2019:
3+5+13:15=16T
Good not except.

C. Lorin




Now the road should be well defined:
technology challenge but also robutsness

100000 | Development of robust and
cost-efficient processes

10000
Robust Nb;Sn

1000

100 HL-LHC QXF\& Logical step for a next

A phase (2027-2034)
HL-LHC 11T

10

—
=
~
L
-—
(&)
e
Q9
et
o
o=
&)
©
=
©
©
=

Exploration of
new concepts
and technologies

Bore field (T)



Courtesy, P. Lee, Q. Xu

“HTS/IBS SC and Magnet in China

JACS

T |
4.2 K LHC insertion ‘ AGLAB COMMUNIGATIONS

B Nb-Ti quadrupole strand )
- = (Boutboul et al. 2006) Published cn Wab 071 612006
— |

SuperPower tape, 50 um Iron-Based Layered Superconductor: LaOFeP

substrate, 50 um Cu, 7.5% Zr,
measured at NHMFL

_.Expected IBS 2025
St -. Y. Ma (IEECAS)

e —— I--'--"-bh
- . I 1

55x18 filament B-OST strand with NHMFL
50 bar Over-Pressure HT. J. Jiang et al.

—h
Iron-Based Layered Superconductor: LaOl
~ .

BS 2016 Y. Ma (IEECAS)

Nb-Ti REBCO: B || Tape plane

N = REBCO: B 1 Tape Plane |
4.22 K High Field N —=— Batch 11
MR strand i Bi-2212: 50 bar OP —e— Batch 2 |
(Luvata) |

wesmem Nb3Sn: Internal Sn RRP® ! L M ! 1 L 1 L 1
I a = NbuSn: Hieh Sn B 8 12 16 20 24
riee \ - 35n: High Sn Bronze . .
- - Magnetic Field (T

L IBS- Iron Based Superconductor \ Nb-Ti: LHC 4.2 K ° -

Much lower cost and better \ W § Nb-Ti: High Field MRI 4.22 K

mechanical properties expected . g [BS 2016 - Ma IEECAS Y. Mao et al., Supercond. Sci. Technol.

15 20 25 35 40 45 Iron Based Superconductor
Q. Xu, CE{’,S,EHEWH‘;@?{&&S%&MOH) Modified version by Q. Xu in Oct. 2017 (|BS) development in China

toward 12 -->24T
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Innovating: HTS magnets of the future ... 20 tesla or more...




Technical Challenges in Energy-Frontier Colliders proposed

Lumino AC- Value
{CM}I sity Power [Billion]
[TeV] | [1E34] [MW]
FCC- ~ 100 < 30 580

c Major Technical Challenges:

nh | Hadron Colliders:
- High-field magnets - protection

¢ Lepton Colliders:
- SRF cavity: High-G and Hig-Q
NRF acc. Struct.: large scale, aligp

ent, tolerance

0.38 1.5 160 5.9
(-3) (- 6) (- 580) (for 0.38 TeV)
[BCHF]

Major Challenges in Technology

High-field SC magnet {SCM)
- Nb3Sn: Jc and Mechanical stress
Energy management

High-Tiekd SCM
- 185: Jec and mech. stress
Energy management

High-Q SRF cavity at < GHz, Mb Thin-film
Coating

Synchrotron Radiation constraint

Energy efficiency (RF efficiency)

High-Q SRF cavity at < GHz, LG Nb-bulk/Thin-
film

Synchrotron Radiation constraint
High-precision Low-field magneat

High-G and high-2 SRF cavity at GHz, Nb-bulk
Higher-G for future upgrade
Nano-beam stability, e+ source, beam dump

| arge-scale production of Ace. Structure
Two-beam accederation in a prototype scale
Precise alignment and stabilization. timing




Normal Super

Normal conducting (CLIC) Superconducting (ILC)

Gradient: 72 to 100 MV/m Gradient: 31.5 to 35 (to 45) MV/m,
- Higher energy reach, shorter facility - Higher efficiency, steady state beam power from RF input

RF Frequency: 12 GHz RF Frequency: 1.3 GHz
- High efficiency RF peak power - Large aperture gives low wakefields
- Precision alignment & stabilization to compensate wakefields

Qy: order < 10°, Q,: order 109,
- Resistive copper wall losses compensated by strong - High Q
beam loading — 40% steady state rf-to-beam efficiency - losses at cryogenic temperatures

Pulse structure: 180 ns /50 Hz Pulse structure: 700 us /5 Hz

Fabrication: Fabrication
- driven by micron-level mechanical tolerances - driven by material (purity) & clean-room type chemistry

- High-efficiency RF peak power production through - High-efficiency RF also from long-pulse, low-frequency
long-pulse, low freq. klystrons and two-beam scheme klystrons

R e
Wi i, L




alignment
Stabilization, etc

~ 100 (+/-20) MV/m

X-band klystrons

solid state modulator,

ducting Linac Technology

Systems Facilities:
(100 MeV-range)

C-band (6 GHz),
low-emittance
GeV-range facilities
Operational:

« SACLA

B8 ©  SwissXFEL (8 GeV)

e XBoxes at CERNE |

X-band (12 GHz)
GeV-range facilities

Planning:

e e-SPS

Courtesy: W. Wuensch

————




Adves iIn SRF Technoloqgy for Accelerators

In Operation: = # cavities To be realized:
TRISTAN SNS: 1 GeV e HL-LHC-Crab - 20

LEP-II CEBAF 12 GeV = 80 . EIC
ISAC-II, ARIEL
Super-KEKB ILC-250 - 8,000
Eu-XFEL - 800 FCC
Under Construction: EPC/SPPS
LCLS=Il = 300
FRIB = 340
PIP-1l = 115
ESS- 150
Shine - 600

1980




Advances In L-band (-~ 1GHz) SRF Cavity Gradient

RRR Nb: high RRR {purity) nicbium )
| LG Nb: high purty lage-gramniosum - Material

[ HT: High Temperture post-purification

} HPP: High peak pulsed Power Processing

. | HPR: High Pressure water Rinsing . -

Fleld i E:A:H#lTerm;Eh.lr\eﬁnmﬁlg \ \‘~—_—’/
di | LTe LowTempersureBakeat 120C.- Treatment/Processing

Gra Ient USC: UltraSonic Cleaning with detergent \

Surface Material [ MLTB: Moate LTB 75C 120

\

~a | LL/IRE: Low-Loss/ReEntrant Shape !

r-H i _ . \
max — d crit,RF | (oFtomsuweerimdse - Shaping \\ TESLA shape
Single-cell

\‘ o)

1
‘\

acc ' ﬁ
MAG (Hpk/Eqcc)
Thermal
conductance

HTA
® LTB

Z 3
_ L SN s TS |
' ' ER/USC

| Single-Cell Cavity ——,
B v :l ., HOM coupler brushing

e EP+*HTA+LTB . oo ILC 250 spec
s .

: -
See more, Appendix p.60. oW S wcencay |

Surface, Shape

E
=
£,
(3]
[X]
.ﬁ




4
European XFEL, successful in operation

URL: http://www.desy.de/news/news_search/index_eng.html

2018/07/17
Back

European XFEL accelerator reaches its design energy

Accelerator accelerates electrons to 17.5 GeV for the first time

Progress:
2013: Construction started
2016: E- XFEL Linac completion R
2017: E-XFEL beam start
2018: 17.5 GeV achieved

I After Retreatmnent

s Recelved After Re-treatment:
W E-usable: 29.8 + 5.1 [MV/m]
1.3 GHz / 23.6 MV/m :

[o)]

v

S

800+4 SRF acc. Cavities
100+3 Cryo-Modules (CM)
: ~1/10 scale to ILC-ML

Number of Cavities
w
o

>10 % (47/420, RI) cavities
exceeding 40 MV/m

N
o

iy
o

0 40 0s0 .|I|I|I O o o0000
5 .10 15 _20 25 30 35, 40 . 45 §
Lucio ]R055| @ To scl'(\ 0Q v celebration - LN?:

pschgitFe] Y



— Courtesy: V. Shiltsev, S. Michizono

Fermilab, KEK achieving ILC Gradient
Goal 2 31.5 MV/m with beam

R

L_.___é_s,'e.!. i

| _LF aster R

d- e ) T 1
CUF Wi . Puey Y i | BHE "

w
. |
=t g

Beam Acc. : 260 MeV by 8 Cavities, B 530 iR L Beam Acc.: 230 MeV by 7 Cavities,
<G>=32.3 MV/m ) B e gEsaia =\ <G> =32 MV/m

Fermilab-FAST Progress, 2017 KEK-STF2 Progress, 2019



LCLS-II SRF Linac (SLAC/Fermilab/JLab Collaboration)

Remove SLAC
Linac from
Sectors 0-10 __.

or and

-conducting Linac

Shet NATIONAL _
5 ‘ Alckinaron
L e :
_/ 7
T

A, Grassellino et al, Supercond.
Sci. Technol. 26 10200 (2013)

‘r 'Fwo New Undulators =
N And X-Ray Transport

LCLS-II CM production in progress

SRF e-Linac Parameters

: - Beam: 4 (+ 4) GeV, up to 0.3 mA
* >x2 Q achieved, SRF cafinl

 N-doping at 800C,discovered by - Frequency : 1.3 GHz, CW
A. Grasellino et al. G: 18 ~21 MV/m

& .

-- LCLS-Q Spec.

Q:>2.7 el10 (av.)
# cavity = 280 (+160)
# CM 35 (+20)
To be completed in 2020 (~2026)

10 15
Cryomodule




Nb SRF Crab Cavities for

R. Calaga, O. Capatina,

HL-LHC e

CERN US- AUP STFC, TRIUMF Collaboration

Targets T2 T4, T6

TT40

TT41 Jarget T40

@ Mobile dump
block {TED)

Crabbmg p beam demonstrated at SPS 2018
sMewy sictessful test in 2021




~State of the Art in
High-O and High-G (1.3 GHz, 2K)

 N-doping (@ 800C for ~a few min.)

75/120

o - Q>3E10, G = 35 MV/m

N-Infused

| | sooeHT Baking w/o N (@ 75/120C)
TPV S AT Baking 75/120C + Q>1E10, G =49 MV/m (Bpk-210 mT)

'-"‘ﬂ]:m..:% N-infusion (@ 120C for 48h)
| '\ | ® - Q>1E10, G = 45 MV/m

e
| ®  N-in _
= | Baking 120C Baking w/o N (@ 120C for xx h)

\_ | « Q>7E9, G =42 MV/m
u

 EP EP (only)
« Q>1.3E10, G =25 MV/m

2]0 3;2)
Eacc(MV/m)
High-Q by N-Doping well established, and
High-G by N-infusion and Low-T baking still to be understood and reproduced, worldwide.




State of the Art In
High-Q and High-G (1.3 GHz, 2K)

75/120 4x10101 _ f=1.3GHz |
N-Doped

T=2K
120C

N-Infused | 3 x 1010
|800C HT

Baking 75/120C

2 x 1010
o
o

75C 2hr/120C 48hr
> 1DE3
75C 4hr/120C 48hr
AESOD9
PAVO11
RIOO1
AESO1l
RIO02

| ' Repeated on second cavity TE1IAESOQ9 (fine grain, AES, WC)
Eacc(MV/m)

* Performance at Fermilab confirmed by Cornell, DESY, and JLab.



https://arxiv.org/abs/1806.09824

ChaTIenges ' Technology

Ization

o L G L 2) directly sliced from ingot
5 contamination and cost-reduction

ng on Cu-base cavity structure
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Magnetron Sputtered Nb/Cu

Films

1.5 GHz Nb/Cu cavities, sputtered with Kr @ 1
-

Courtesy: S. Calatroni

HiPIMS coatings — QPR Sample

To be important challenge for < 600 MHz (FCC)

HiPIMS

Nb-bulk
bbulk 1 .

1 30

Nb Thin-film
TR I T R T |
25 30

NIM A463 (2001) 1-8

« Q=1x10° @ 15 MV/m, for thin-film cavities:

« competitive option in several future projects.

* R&D focused on:
* improving the “slope”

iy C —
W* 4__ WAl
s b 5

700 MHz [3=0.65 Single
Cell Cavity profile

1010 .

LHC19 |
PCO5

HiPIMS - HiPIs |

Eacc (MV/m)

* HiPIMS Nb/Cu to be comparable to bulk Nb on quadrupole

resonator sample at 400, 800 and 1,300 MHz.

* To be discussed more by M. Benedikt (in Acc. Session).
* Q-slope seems to be flatter
--> High-Q, resulting Power Saving,
ol rojected performance > 2x better than LHC specifications

ration
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Intensity frontier vs. Energy Frontier

Intensity — | Energy | Power Acc. Tech. SC
Acc. [GeV] [MW] Feature Tech.
450

SPS* Synchrotron Common Issues:
Fnal M. Injector 120 0.7 Synchrotron * SC Mag. & SRF technology

J-PARC* 3 1 Linac/Synchr * Target, Collimator, Beam Dump

30 Ext. Beam FCC * Radiation

CEPC/SPP
PIP-II . Linac (SRF) C/ * Energy Management
Synchrotron

. CLIC
PSI-HIPA . Cycrotron ILC
FAIR (S1S100) : Synchrotron SCM

HL-LHC
Super-

KEKB
PAR
EIC ’ ¢

(ESS) Linac SRF PIP-II
ESSnuSB * PSI

CEBAF LINAC+Ring SRF ESS-nuSB
Super-KEKB --- Collider

HL-LHC === Collider SCM. SRF

* Science is complementary, and
* Technology is based on common technology,
» ket us work together and maximize synergy !!

>|ebration -

EIC* --- Collider SCM, SRF




Extinction of gas sources

* Non Evaporable Getter (NEG)
thin film coatings transform
beampipes into pumps.

After activation at 180°C, they
provide very low beam induced
desorption and low secondary
electron yield.

e.g more than 1500 vacuum
chambers coated at CERN.

Dose [photons m"]
10 10* 10% 10® 10**

10° 10* 10°
Dose [mA b]

Reduction of synchrotron-radiation
desorption yield after NEG activation

\

= - fl
MAX IV vacuum chamber: before and after NEG coating

a

Courtesy Paolo Chiggiato

| Advanced Technology for particle accelerators
) Frédérick Bordry
SZ ICFA 2014 — IHEP — Beijing - 29th October 2014
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Beam Dump & Collimators for FCC-hh

More in Anton’s presentation . .
FCC-hh dump concept (LHC-like Graphite dump) Collimator: future proposals

o _ - Higher diffusing absorber material, to enhance the
+ Beam sweeping a-la LHC to reduce energy density. cooling transfer to the Cu-Ni circuit

* ANSYS calculations progressing on
this conceptual design. + Use of ceramic-graphite composites, such as Molybdenum-

« Failure scenarios under consideration Graphite or Titanium-Graphite

like sweep change due to dilution .
- Lighter absorber

+ Minimise the energy density on the jaw
(low density carbon foams)

« More rigid housing and stiffener
- Higher water flow in the cooling pipes
- Jaws Monitoring/possibly deformation-correcting,

systems.

Material development: ;-'-_ \ . - . . .
+ Working together with companies to investigate low | + project launched CERN/University of Huddersfield

density graphite thermomechanical properties !
Exploring alternatives for less traditional material e s w0 0 b

% em)

Peak dose (kigh




Radiation Hardness

extreme beam impact conditions with

No existing material can meet extreme requirements for Beam Interacting Devices : b
comprehensive acquisition systems.

(Collimators, Absorbers, Windows ...) as to robustness and performance.

= Benchmark of experimental measurements

New materials are being developed to face such extreme challenges, namely Metal- ; ?
with results of state-of-the-art numerical codes

and Ceramic-Matrix Composites with Diamond or Graphite reinforcements.

Molybdenum Carbide - Graphite composite (MoGr) is the most promising candidate
material with outstanding thermo-physical properties.

BREVETT) 8122 > 2
Ly A MoGr Key Properties

Density [g/cm?]
Melting Point T,, [°C]
CTE [10° K]
Thermal Conductivity [W/mK]
Electrical Conductivity [MS/m]

HiRadMat (CERN): 72x SPS bunches
= Understanding of unexplored conditions call for state-of-the-art numerical simulations RS W tavigets, 1ol time acquisition

: : e Ruaced fo simutation
completemented by advanced tests in dedicated facilities S

Advanced Technology for particle accelerators < Advanced Technology for particle accelerators
@) Frédérick Bordry Courtesy Stefano Redaelli @) Frédérick Bordry

ICFA 2014 — IHEP — Beijing - 29th October 2014 ICFA 2014 — IHEP — Beijing - 29th October 2014

Material Challenges in Future Accelerators e.g. HiRadMat Experiments E -..
Future machines are set to reach unprecedented Energy and Energy Density. « Test of complete devices and materials under £

Courtesy: F. Bordry

Tungsten target, impact of
72x SPS bunches



Courtesy: Ph. Lebrun

Energy Efficiency anc
Management in Accelerators

Power consumption of high-e l | ticle colliders 3 y Beam powe{j’nep;rgdj
o 41 AL

pInfrastructures

1000 ‘

cLIC 3000 @

CLIC 500 ®

¢ Average beam power

Beam current Particle energy
FCC-hh —

E
. Pyeam = 61; = ﬁ”ep NpulseE
LEP2 ®
ILC 500 HL-LHC T \

Duty factor Repetition frequency Particles per pulse
LEP LHC
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hadron colliders

e Example: ESS proton linac
- E=2GeV
10 1 L L {1 L L 1 N (I |
0.1 1 10 100 = I=628 s
Collision energy [TeV] - 6=4%
Pyeam = 5 MW average

e The good news: power consumption grows slower than collision energy
e The bad news: future projects need hundreds of MW

Ph. Lebrun 4th W Energy for Sustainable Science Ph. Lebrun 4th W Energy for Sustainable Science




Key Issues In Energy Management

In both Energy- and Intensity-frontier Accelerators

* Energy Saving

» Superconducting technology

« System Efficiency Improvement

» Power system efficiency
* RF modulator and Klystron,
* Two beam acceleration

» Cryogenics system efficiency

« Depending on operational temperature (such as SR heat removal by Ne=He
cycle)

 Efficient beam dynamics
* Novel, accelerator scheme

 Dynamic Energy Balance
* Power (W) to Energy (W-hour) efficiency
* Dynamic operation in best optimized season/day/time.
« Re-use/Recycling energy in cooperation with wider community




w Courtesy: Ph. Lebrun

Energy Efficiency and Management in Accelerators

Collider efficiencies

® Grid-to-beam efficiency [%]
i Accelerator systems efficiency [%]

C.O.P. [WIW @ 4.5K]

' ' TORE RHIC  TRISTAN CEBAF  HERA LEP
LHC HL-LHC  CLIC 500 ILC500  CLIC 3000 SUPRA

Ph. Lebrun 4th W Energy for Sustainable Science Ph. Lebrun 4th W Energy for Sustainable Science




Goal: not only "new” technology
| ology for society
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Lucio Rossi @ Touschek 100 y celebration - LNF
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