Post-acceleration and ALPl Upgrade

G. Bisoffi, for the RNB Accelerator Group
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Recent and on-going Upgrades

> New ECR ion source (Supernanogan)
Higher charge state for a given current
Higher current for a given charge state

o Stripping foil station in ALPI
Increased charge state and higher final energies
Lower final current (20%)

ﬁ Increased capability of lower energy section (Low
Beta Upgrade = higher accelerating field on first ALPI
cryostats)

Higt ~r ir>¢ne g

Better beam dynamics in the linac — better overall
transmission, higher current at the experiment
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Present Performance (stable beams)
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150, 152, 154§ m2é* completed too and will be made available;

beams presently under test: Nb, Zn, Mg, Dy, Mo;
later on Zr, Ca

A. Galata, INFN-LNL



SPES-RNB Accelerator

o

| . =0t Cyclotron, target,
| Spectrometer . |+ source

ey _— =

l. PIAVE-ALPI Upgrade for RNBs and
stable beams



A more efficient machine lattice on
PIAVE and ALPI

Motivation: achieve at least 10 MeV/A up to A/g=7 (most
beam species, up to the heaviest) with a more efficient linac
(better beam dynamics - higher beam transmission)

It applies to both RNB and stable beams

> PIAVE-Injector upgrade
New cryostats with SC solenoids, new focusing elements

Lower IonEitudinaI emittance and losses, higher output energy
from PIAVE injector

Allows more efficient acceleration in ALPI

> ALPI-Booster Upgrade

Higher accelerating field on first cryostats, two added; new
buncher (focusing cavity); triplets replacement (20 T/m = 30

T/m)

Better beam quality and higher energy




PIAVE upgrade

115.000 .000 54.000

[ P P3| tPoe| PD4
iy ! M—ot] (EH |
UECIN LA
n I I 1l ]
710 0.600 U-600LU-599 2.6717.920, 16331 3,77 29.660 23270 |.3.900
Present layout
115,000 .000 54.000
Inew bunching section ] I new diagnosticsl Inew cryostats]

= SRFE

e Tg i spu )] | 8| 303

|
BUNCHER
[
T

PD3| 1PQ2| P4

3PG4

e . : } r%%_

¥ BUNCHER

37,63 \ 20,33 21,1 I“’,Q’ S 2108 I 2o2L 9,900 Mechanism
I

710
|

New layout

PA. Posocco



PIAVE upgrade: beam dynamics

comparison

ics

New beam dynamics

Advantage of new cryostats:
1. Long. period is half of the transverse one

2. Symmetric tran. envelopes inside the QWRs

LN ——
o QWR present new
Ewe | ¢ E Eoce | ¢ E
low-energy buncher 0.91 | 90 | 0.5588
1.1 290 | 90 | 0.588 | 3.50 | -30 | 0.656
1.2 3.20 | +60 | 0.623 | 485 | -30 | 0.756
1.3 410 | +30 | 0.706 | 525 | -30 | 0.869
1.4 410 | 25 | 0.797 | 525 | -30 | 0.984
2.1 450 | -20 | 0.891 | 525 | -30 | 1101
2.2 450 | -20 | 0.987 | 525 | -30 | 1218
2.3 450 | -20 | 1.084 | 525 | -30 | 1.334
2.4 450 | +20 | 1.180 | 525 | -30 | 1.449

Simulated with PARMELA
PA. Posocco
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PIAVE upgrade: beam dynamics

results

Comparison between PIAVE presentand new layout

SRFQ out | present PIAVE | new PIAVE unit var.

Ex ris 0.100 0.102 0.105 +3%
Ey rms 0.100 0.138 [ 0.105 mm mrad norm. | -24%
€z rms 0.060 0.163 0.066 -60%
E 0.59 1.24 1.45 MeV/A +17%

Equal trans.
emittances

Lower long.
Emittance

Higher final
energy

Single cavity failure
all 1.1off | 1.20ff | 1.30ff | 1.40ff | 2.10ff | 22 0ff | 2.3 off | 2.4 off unit
Ervaa: | U205 | 10106 0.105 0.100 0.104 0.101 0.100 0.103 0.103
Eyms | 0.105 | 0.108 0.105 0.102 0.103 0.103 0.102 0.104 0.105 | mm mrad n.
s | 0.066 | 0.065 0.070 0.062 0.063 0.063 | 0.063 0.064 0.065
E 1.45 1.37 1.31 180 1.36 1.34 1.34 130 1.31 MeV/A

The injector can be operated even if one cavity is off

PA. Posocco



ALPI Upgrade

Optimum beta
Bo = 0.056




ALPI: upgrade of low-energy cryostats
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I. Upgrade lower-f cryostats (from 3 to 5,5 MV/m)

2. First cryostat with “funnel’”’-shaped beam dynamics

3. Two additional cryostats recovered from PIAVE Upgrade
4. New small cryostat for SC 80-160 MHz bunching cavities
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ALPI — Lower Beta Cavity Upgrade

® Starting situation: 20
QWRs in 5 cryostats

E.~ 3 MV/m (limited by
rf system) - total

accelerating voltage ~
1l MV

© After upgrade: 24 QWRs
(one more cryostat with 4
cavities)

E, =5 MVIm (upgraded rf
system) - total

accelerating voltage ~ 2|
MV
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Magnets upgrade from 2| to 30 T/m

Low-energy branch
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303, 304, 3Q5

The new 3Q2-ter can be
either 3Q4 or 3Q5

High-energy branch

O = N W k= 0 o -

306, 3Q7, 308, 3Q9

O = N Wk 013 N @

3Q7 and 3Q8 can be
replaced with two high-
energy triplets

3010, 3Q11, 3Q12,
3013, 3Q14, 3Q15,
3016
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ALPI upgrades

Optimum beta
Bo = 0.056

Bo = 0.13

1




Final result of PIAVE-ALPI Upgrade

E (MeV/A)

present
SPES  m—

The addition of 4 more cryostats requires
Increasing the cryoplant capability...

|

PA. Posocco



PRESENT SITUATION \

ALPI cryogenic system: upgrade of
the refrigeration power

e Claude cycle,i.e. 2 expansion turbines and a JT valve

e 150 g/s, more than 3900 W at ~ 70 K, around 800
W at 4,2 K (barely sufficient for the present linac

configuration) R. Pengo, INFN-LNL



SELECTED UPGRADED CONFIGURATION

The process of the cold box (and the consequent available power) has
been calculated for the two cases:

l. addition of a second |JT valve in the process
2. addition of a third turbine in the process
_
Simulation case HP LP Temperature | Temperature | Intermediate | Available
pressure | ppessure at screen at screen heat load power
(bar (bar inlet outlet (W) @4 4K
abs) abs) (K) (K) (W)
CURRENT
CONFIGURATION
2 cryogenic 16 1.05 60 80 3900 805
expansion turbines
t 1 Joule-Thomson
valve
UPGRADE
PROPOSITION
FOR THE
REFRIGERATOR
Addition of a third 16 1.05 60 80 3900 1195
turbine 1 )
Addition of a 16 1.05 60 80 3900 845

second Joule-
Thomson valve

Order has been placed: AL will be ready when INFN-LNL will propose
a 2 months dedicated shutdown for the upgrade implementation

R. Pengo, INFN-LNL
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0. Present situation with stable beams

l. PIAVE-ALPI Upgrade for RNBs and
stable beams

2. From the Charge Breeder to PIAVE

3. SPES-specific issues on the RNB
Accelerator

\ PIAVE-ALPI : Transfer line .




The Charge Breeder

Role: slows down the |* beam, captures and further ionizes it, and
then extracts it as highly charged beam for post-ac~"\eration.

RIUMF) are ‘for the moment’
Sidered as satisfactory (it is a
“nuclearized” CB)

For SPES
Higher efficiencies on high charge states
expected

LPSC, in collaboration with SPES-LNL,
is conducting experiments on the
LPSC test bench

e s | B_inj y | ) 'ei‘f__max foréff__max l‘or_:C‘hat'gebree(ling'
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T. Lamy, LPSC-Grenoble
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The Charge Breeder Platform

Since the superconducting RFQ needs a fixed initial ion
velocity, the CB will be housed in a 200 kV platform .

A
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Transport Line from Charge Breeder
to PIAVE

q/A=1/7 (example '32Sn!%%),
=0.00892 (SRFQ input) [V . = 233 kV].
Input Emittance = 0.1 mmmrad RMS.

Linear Design (not yet higher order modes, nor
misalignments)

Regular lattice (5 m spaced) of one family of ES quads

B Y il M. Comunian, INFN-LNL and L. Calabretta, INFN-LNS



Charge Breeder Layout
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Tracewin simulation of the whole
line — first order estimate

M. Comunian, INFN-LNL and L. Calabretta, INFN-LNS



SPES-RNB Accelerator

ﬂ‘ﬁ*ﬁfﬁ-ﬁﬁ-v-ﬁﬁ"::‘ L/f Charge E‘eede"
! P - - & [ = !
}_ | - +4n _\\ | - E I =_|
s s o "k_-‘-/‘; % - ; ¥ E _"‘_‘k i
| ‘“"5 . I O : il H
AH! X
S E
PIAVE-ALPI +L '! Transfer line . , E t Cyclotron, target,
| Sl Spectrometer |+ source
HRi 1 —————— -

SPES-specific issues on the RNB Accelerator:
I. Vacuum on the long low-energy transfer line;
2. Good alignment is mandatory;
3. Beam diagnostics for very low current
beams




loss per meter (%)

Beam losses along the transfer line
due to interaction with residual gases

TTT L
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104 F. Herfurth et al., *Highly charged q 70 3
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L. Calabretta, INFN-LNS and A. Pisent, INFN-LNL



Pillar Sockets
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FIDUCIALIZATION NSTALLATION AND QUALIFICATION OF
\ oI COMPONENTs/ \ REFERENCE NETWORKS /

Precise and easy-to-verify alignment is
mandatory for good T of fA RNBs

courtesy of F. Sgamma, INFN-LNF
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RNB Diagnost

monhnitor

Very low beam currents impose use of nuclear
detection techniques

Pair of 300 500 pum scintillating MCP placed directly on the beam
fibres scanning the beam (INFN-LNS) line, with a position sensitive anode

= (INFN-LNL)

scintillating
fibres

protection
screen

converter
X-YDp

ofites of 8Li - Tandem 4.0
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Glass (I »10° pps) or plastic
fibres (I <10® pps); Readout with a
compact PMT.

Wire step = 0.75 mm
| 0°pps/cm? measured sensitivity.

L. Cosentino, INFN-LNS M. Poggi, INFN-LNL



MCP-based 2D BPM
O Faraday Cup (1>100 fA)
o - thin foil B INFN-LNS
ok L'\.‘ \‘/‘”‘“’ (& R&D on-going in INFN-LNL
- — by — @) (noise suppression)
(@) e T 2 / o Counting tecnique on Si
E | & focused - Detector (on the beam, or
camerd\ ‘KZ_ : ‘elelmns — O elastically scattered by a foil)
2 stage chevron MC z
_— scintillator
t's o E Beam counter based on a plastic
- Q scintillator coupled to a PMT
Q. s
E >
C
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& £
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o Sensitivity over 103 pps Intensities below [0°pps
courtesy of L. Cosentino, INFN-LNS




T&L emittances

iming,

Energy, t

Energy: |. bending magnet and a BPM (as usual)
2. TOF with 2 MCP as phase monitors (velocity)

Timing: silicon detector or MCP
(electrons produced by a wire

on the beam). Start-Stop by RF

CCD camera
with zoom

o
|. Slit-grid tradition d\@%“ \":
: . o AO
is the intensi* 3> ¢

T viewing
e screen
-

A\

pepper—pot

Longit..dinal emittance (A¢, AE/E):
Si detector (directly on collimated beam)

3-gradient method with bunch length monitor
(with MCPs) Courtesy of P. Forck, GSI




Outlook

e ALPI Upgrade has been triggered:

- The accelerating field of the first
cryostats is being improved

- The refrigeration power of the
cryo-plant will be improved (> 30%
expected)

e Once funded, the upgrade can be completed with a
renewed PIAVE-Injector, on ALPI with higher gradient
magnetic quads and new bunchers

e Very low currents impose on the whole RNB Accel.:

- Accurate and verifiable alignment (it is
planned to introduce it on PIAVE-ALPI)

- Dedicated beam diagnostics (R&D at
INFN-LNS&LNL)
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