‘DII

Antiprotons at FAIR ? L2

Two directions of experimentswantiprotons

i

High energy stored antiprotons Decelerated antiprotons

Cooled stored antiprotons Antiprotons decelerated
in the HESR iIn the energy to 30 MeV in the NESR
range 0.8-14.5 GeV with further deceleration

to lowest energies

common limitation:
total production rate of 2 x 107 antiprotons/s
limited by cooling time and/or production target

AIC is a RIB experiment, it cannot be operated

in parallel to other antiproton experiments
LB |
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Goal in 2015




FAIR Baseline Layout
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Injection of protons into SIS18
Acceleration to 2 GeV

Unilac

l 9 Injection into SIS100
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p / \ " CBM
pbar I Y super Acceleration to 29 GeV
M M— Plasma @ FRS
plasma physics I ESRI Physics @ L Impact on target > hot pbars
; Radioactive . .
atomic physics I Sranil R lon Beams StOCh pbar COOlllng in CR
—r J‘\ Prysicg . A Injection into in RESR
7 4‘!1“}!’010“ Y Ch ¢
RIB storage ring Physics '
| ‘
RIB ext. target = [ Injection into HESR }
Acceleration/Deceleration to 14.5/0.8 GeV
or

Multi-Turn Injection into SIS18 requires:

I 2 TER
B, = — —¢g624 B
(B7)€etot pHm  NATT

Deceleration in NESR to 30 MeV
Extraction to low energy pbar experiments

1 = MTl filling factor » 60%

&
4
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Storage Rings — Antiproton Operation

(Concept of 2003)
SIS 100: acceleration of 2.8 x 10'3 protons E =29 GeV
and bunching to a 25 ns pulse Sp/p = 0.7 %, €, =4 %10 m
+0.7 %, €,

\

pbar target: production of 1.0 x 108 pbars/ 5 s E=3GeV,N=1x10%cycle

‘ 3p/p = 3.0 %, €,, = 240 x 10¢ m
CR: bunch rotation and fast stochastic cooling E =3 GeV, N=1x10¢cycle
with total cooling time 5 s dp/p=%1%103% ¢, =5.0x%10¢m

\

RESR: accumulation of pbars by stochastic E=0.8-3GeV,N=10%-10"
cooling, deceleration of pbars dp/p=5x104¢ ,=1%x10°m

~

SIS 100: acceleration to final energy NESR: deceleration to 30 MeV
‘ E=0.8 -14.5GeV !

. . : FLAIR
HESR: internal experiments with cooled pbars
E=08-14.5 GeV E=30_0'3Mev|:.=5][
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Storage Rings — Antiproton Operation

Concept of FBTR

SIS 100: acceleration of 4 x 103 protons
and bunching to a 25 ns pulse

pbar target: production of 1.0 x 108 pbars/10 s

\

CR: bunch rotation and fast stochastic cooling
with total cooling time 10 s

\

RESR: accumulation of pbars by stochastic
cooling, deceleration of pbars

HESR: internal experiments with cooled pbars

remarks:

use barrier bucket injection of
up to 4 x 10" protons

(needs to be confirmed)

target must withstand higher intensity

cooling of higher antiproton intensity
in CR seems to be ok

future options:
add cavities (bunch rotation) and
increase cooling bandwidth ( 1- 4 GHz)

O reduce cooling timeto 5 s
(intensity limitation)

increase injection energy after linac
from 70 to 100 MeV

NESR: deceleration to 30 MeV
'
FLAIR

iniection at 3. GeV Udecel to. 0.8 — 14.5 GeV

M Steck FAIR-GGS/| Antinroton Soiirce Meetina Ferrara 15-16 December 2006




Parameters for Proton Linac

final rate of cooled pbar depends on injector energy:

S 100 h 30
£ o ) 0
- 90 70 MeV/ | (_,2
2 80 , © | e
O 70 LoD
0_\ o i ~ SIS100 Duty Time 208
~ < 60 9]
RS o |58
— =, 30 Cooled pbar/h 155
D | _— ~ SIS18 Space 105
& 0 / Charae Limit =
> 20 | / 75 <_:>;
Q? 10 I~
Q. 0 0
10 60 110 160 210
Proton Linac Energy [MeV]
o MA  (B7)? «1=70 mA
iy = BRb—0s -~ - >16.5mA/um -
pm MTI . BYE, = 4.2 ym
. =4
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ict hphll.-

K. "’?a;_,

Re-Buncher to= SIS18
Source LEBT RFQ CH-DTL .
*"to Dum

The Proton Linac @‘J;

95 keV 3 MeV Diagnostic 70 MeV
insertion
Beam energy 70 MeV
- Proton source & LEBT Beam current (op.) | 35mA
Beam current 70 mA
* RFQ (des.) 36 ps
Beam pulse length 4 Hz
» 2 re-bunchers Repetition rate 325.224 MHz
. . Rf-frequency 4.2 um
 2*6 rf-coupled Crossed bar H-cavities Tot. hor emit < + 1073
. norm. ~35m
* 5.1 MW of beam loading (peak), 710 W (average) (Tot_ m())m_ spread
- 11 MW of total rf-power (peak), 1600 W (average) | -inac length

« 2 dipoles, 45 quadrupoles, 7 steerers

* 10 turbo pumps, 34 ion pumps, 9 sector valves

* 41 beam diagnostic devices

==
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SIS 100

SIS100
maximum maghnetic rigidity 100 Tm
maximum proton energy 29 GeV

ring circumference 1084 m
niection ramp rate 4T/s (upto2T)
== —
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in collaboration with JINR Dubna

significant R&D progress
achieved on dynamic
losses and field quality

45
40 |k Q AC loss R&D, W/im = 80k
S = === 4Kmin
35 | ~
N — —e, = = 4Kmax
> - .; @ 30 “‘\“ — - goal
.o ‘ 9 25 '1%“
; i K Y
2 N
Nuclotron Dipole sk .
10 | . ................... ?.'..'..'..‘..'..‘;.'..-..-,,-__-_:
] — — d d — i
Bmax - 2 T B/ t = 4T/S ° status «— R&D 2003
O 1 1 1 1 1 1 1 1

" Window frame magnet with s.c. coil

(\%\v\' 1o Yol \od“%\ & O o
= Main taSk . ‘\:\666@1&\@ N & %Q\G\ﬂ &u\oﬁ’ & N 3 .
. . . X o ¢ s¥
Reduction of AC losses during ramping WO & &
improved iron yoke design (40 > 13 W/m)
=51
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RF Systems for SIS100

" Dual Harmonic Acceleration Systems SIS100
20 ferrite loaded cavities - V., =400 kV

frequency range : 1.15 - 2.67 MHz, h=10
(8 ferrite loaded cavities - V_,,, =150 kV

frequency range : 2.3 — 5.35 MHz, h=20)

alternative solution: MA loaded cavities

" Compression Systems SIS100
25 MA loaded cavities -V, =1 MV

frequency range : 465 kHz (+70) (h=2)

" Barrier Bucket Systems SIS100

(precompression and stacking)
broad band MA loaded cavities - V, = 2 x 15 kV

total length of RF-Systems ~ 90 (115) m
( ~ 10 % of ring circumference )

" Dual Harmonic Acceleration Systems SIS300
6 ferrite-loaded cavities - V,, = 80 kV (h=10)

frequency Range: 2.67 — 2.76 MHz
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Antiproton Production Area

TR '": LT T

i G 5 r )
EE oo [JBZ |76 wal NG at-u
' H; “Deg Leg” ? " - % 1 Line 5 w
l TARGET AREA ‘". %/% kN

{ internal shiglding nok shown |
f 1 I

WIV ST SRR TV CAMOSA AP: ANTIPROTON PRODUCTION
FFA  BEAM TRAWSFIRFER E‘m I.w
Er %’:;mm:mm : b | [ P o i .
concept of FBTR is based on : J ]E -
. ..x iridium target
CERN antiproton target embedded in graphite

similar proton energy and intensity as CERN, -
different from FNAL antiproton production scheme g"\ i
=
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Antiproton Separator b

merging of beams from SuperFRS and pbar target

beam line from SuperFRS
from SuperFRS ————} -8

pbar target proton

dipol momentum collimation
| Y

210
T

X [mm)]
——— e

0

Y [mm]
e

=
92

210
S

0
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Tracking from target to CR
with quadrupole non-linearity

with sextupole correction

1 1 1 1 Injection point of CR

=

25

X [em]

Ox [mrad]

20

-25

0 L [m] 87 Vi X [em)]

5 X [e
CR acgeptanc

20

®y [mrad]

vy
@

0 L [m] 87 -25 Y [em]

25

input from MARS
code (P. Shatunov)

Total: 19 % losses

6 % due to
chromatic effect

13 % due to
aperture restriction
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The Collector Ring CR

Injection and
from SFRS extraction septums to RESR
e

Transverse
pick-ups

Injection kickers

Momentum i
pick-up

Extraction kickers

TOF TOF

% detector W Wrs detector N

-E-4-4 i
circumference 212 m

maghnetic bending power 13 Tm

- fast stochastic cooling of

antiprotons and rare isotope beams

fast bunch rotation
with rf voltage 200(400)kV
adiabatic debunching

stochastic pre-cooling system 1-2 (1-4) GHz

optimized ring lattice for proper mixing
large acceptance superconducting dipoles

RIB pbar isochronous (RIB)  jsochronous mass
energy 740 MeV/u 3.0 GeV <790 MeV/u measurements
tunes Q,/Q, 3.17/3.18 4.42/4.24 2.55/3.17 of rare isotope beams
mom. accept. +1.5% + 3.0 % + 0.7 %
transv. accept. 200x10°m  240x10°m 70/50x10° m
transition energy 2.9 3.54 >1.84
LB |
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LS i
| —'; :
Techniques for Fast Cooling in CR “‘)%Q K.

Fast bunch rotation of SIS100 bunch
rf voltage 200 (400) kV at h=1
after passage of production target

'l'.' !
%

Fast stochastic pre-cooling

system band width 1-2 (1-4) GHz
matched to velocities [3 = 0.83 - 0.97

electrode prototype

rf power ~ 1-2 kW per system

front and back side

tA vadiirna mamantiim envaad /(P98 N 5 0/0)
S1S100 bunch
425 9, == bunch rotation
50 ns
| adiabatic debunching

after bunch rotation and 405 %

debunching in CR ¢
providing optimum initial parameters o
for stochastic cooling /2

5 T
T T

éSI 6 mm air ga[;c“*-\_x‘

" 92 mm horizontal

CERN AC, band 1
58|mm hlorizont‘al

e

Increase of impedance (factor of 4)

1 analysis by
L. Thorndahl

1 12 14 14

Frequency [GHz]
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The Antiproton Accumulator Ring RESR w? f?r e

Extraction kicker - Extraction septum

L o - accumulation of antiprotons
Trcnsverse njection . i
by stochastic cooling

pICk ups , septum
max. accumulation rate 7 x 10'%h
max. stack intensity [J1 x 10"

increasing radius

Injection kickers

Extraction Momentum

A ] : core
septum pick-up
\ 1

plck ups
| | g beam + chamber
‘. height \ \ \ \ \ E height
: 1 “'\ - +-4 mm + T +-8 mm
! Extraction kicker \ v Transverse injection handover tail notch core
< LT kickers -64 mm 24 mm $mm positions +48 mm
> Momentum .- !
3 kicker .-~ '
Ry l t’/”’ “1 l‘v
Tty m -

sum ﬁ sum ﬁ core fL sum
— signal signal pick-ups signal
RF-cavi’ry/ h ‘ E ‘ ‘ ﬂ ‘
- notch
circumference 245.5 m filter 1 difference
magnetic bending power 13 Tm L sigel
tunes Q,/Q, 3.8/3.3 filter 2
momentum acceptance 1.0 % frge small
transverse accept. h/v  80/35x10¢m amplification amplification
tranSItIon energy 3.62 to kicker to kicker

Additional modes: fast deceleration of RIBs and antiprotons for AIC
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5

ring

- storage and cooling of ion beams in the

from RESR _ _
K £ %% wome ENEIQY range 740 — 4 MeV/u
. Rrates - SL N P maximum deceleration rate 1 T/s
et

s experiments with internal target

<—Inject|on . ; i )
septum 1 luminosity up to 10?° cm?s’
@ JE,'?;;?" gfgjf‘ RIB accumulation by electron cooling
i o | collider mode
&= Injection action = 1) with electrons /uminosity up to 10?¢ cm2s

kicker kicker L
%E\OC RF-cavities (0.8 - 5 MHz) j@/ﬁd 2) with antiprotons /uminosity up to 10?%cm?s

electron target
Electron cooler

circumference 222,11 m Antiprotons for FLAIR
magnetic bending power 13 Tm -
nes ara g PORE e deceleration 3000 - 800 - 30 MeV
JQ, 4/3.
momentum acceptance  #1.75 % electron cooling at 800 MeV
transverse accep. h/'v 160/100%x10¢m . .. .
length of straight section 18 m electron cooling limits cycle time
IS
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pd Bl S
The High Energy Storage Ring t{#hﬁ

designed by a consortium between FZ Julich, TSL Uppsala, GSI
In iectim;/ P

Electron Cooler

"W lles =Ll
Option for Snake

® max. bending power 50 Tm Electron cooling 1.5-9 GeV/c

momentum range 1.5-15 GeV/c Stochastic cooling 5-15 GeV/c
injectlon at 3.8 GeV/C Stochastic Cooling
= acceleration/decel. 1.5 - 15 GeV/c Internal target up to 4x10" Hicm? 2

% ramp rate 0.025 T/s

Two operation modes:
High resolution: L< 2x103% cm-2s-', N<10'°, dp/p~10-5
High luminosity: L< 2x10% cm2s', N<10', op/p~10-*

4
'I‘r.
o [ —a—

straight sections of 132 m length
ring circumference 574 m. ==
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Foul ensngy
[Z2%] 0.470 2.00 290 .00 .00 3040 &.00
oudpul SR [Tm] 1.2 9.3 100.1 128 120 1x.8 F9.7
cutput na.of
ounches 1 1 1 I 1 1
SIRCHITg BOMVErs.
facar 18 pel 5.0E-06 1 GO 1
rel Ve lEsTIng 0.1 0.1 g1 0.1 1040
. SC tune shift {y) 0.55 0.27
bUnch area [eviel | 3.0E-06 | 4.2E-01 ] 1.7E+01
doip (dch| 1.08-03 | 1.0BE-03] 1.1E-03) Y.0£-02| 1.0E-0% | 5.0E-04 | 1.0E-04
Cilutianfacior long ) 35 3.5
ol bunch ienglh
[r=l &5 25
& (MO, frrem
mraci 2.0 56 E5 589 £1 4
By (MO ) [mm
mrag] r . o] &2 3449 &1 i
&, {PhYE. ) fmm
mrrag] 150 ] 240 g 1
& {PRYS.) [mm
mrag] L] 7 240 5 i
Diutiorfaciar
{ransv.} 1.1 1.1
ZoCling Cown Time
[E] 10.00 1000 10.30
Accumulation time
[=] 0.018 1.75 0.00 | 600000 | $000.00
Fep. time [5] 0. 25 = B8 2.66 10,00 | &000.00 | $000,00
Ciipud clrmend [A] 0.035
ourput mo. of partl-
CiEE per oycle EUE+12| 4. 2E=1302.1E+08 |1, 9E+008 |1.0E-11 | 1.0E+11
Farlicies's 2 IE+13| 1.6E=13) 7. 9E+07 | L.9E+O7 | 1.7E=+07 | 1.7E+07
Luminosity [onr?s ) 1. 78+32

*For barrier buckst injection.

M Steck FAIR-GGS/| Antinroton Soiirce Meetina Ferrara 15-16 December 2006




