K Kn/e




FAIR Baseline Layout

SI1S18 Upgrade

'»i"-\\-f"-—;/ a'. i 4
o sy /, v’
’ obh R )f’ ~ \ X [ y FR? 4
R é\x 7 7 -'://
A S é 4 y A 44 PANDA
l\-\\\ SRS éy / ‘,,Ii //
A g N\ /
4 2/

HESR

Plasma Phys.

Atomic Phys.

Accelerator RESRVP o7 -

: CR -
Experiment -

NESR

Atomic Physics

\

SIS 100

SIS 300 7

B\ ¥
" \\<"— |HADES & CBM

SuperFRS ‘
j o
Antiproton

Production Target

High Energy Exp.

7 Low Energy Exp.
| ELAIR
NESR EXxp.




P 4
\J p-LINAC
» A "

o, N
€. 515100 EH

Super - FRS

Module O:
SIS100 and connection
to existing GSI accel.

Module 1:
Experimental areas

Module 2:
Super-FRS

Module 3:

High-energy antiprotons
(p-linac, pbar-target, CR,
HESR)

B. Sharkov



SIS 100

. JA 9
’ o
Lo
| C'Z‘L i -".
. -Lf\ “\.-; 7 e
e T . SIS100 EH
&Y Ao { T X
k\w
\ : //+ Super - FRS
Module O:
SIS100 and connection
Module 4: to existing GSI accel.
low energy RIB and
- Module 1:
low energy antiprotons ,
Experimental areas
Module 2:
Super-FRS
Module 3:

High-energy antiprotons
(p-linac, pbar-target, CR,
HESR)

B. Sharkov



o A 8
i’ £ p-LINAC
& el
‘. o § ~- : '-f
Sy 7
- : ~ e o
n{\m 7 R 3\\\:-‘, &/ \3‘\_ SIS100 EH
;\‘- f /ﬁ'-\\;\/‘;. / e NS~
W / Super - FRS
7 Module O:
SIS100 and connection
Module 4: to existing GSI accel.
low energy RIB and _
low energy antiprotons Module 1:
Experimental areas
Module 5: Module 2:
RESR storage ring Super-FRS
Module 3:

High-energy antiprotons
(p-linac, pbar-target, CR,
HESR)

B. Sharkov

SIS 100




FAIR /| CERN / FNAL pbar Sourcei‘,

FAIR CERN (AC+AA) FNAL
E(p), E(pbar) 120 GeV, 8 GeV
acceptance 30 T mm mrad
protons / pulse >5x 1012
pulse length single bunch 1.6 s
cycle time 1.5s

cycle time 10 s (cooling time in the CR)
overall pbar yield: 5 x 106 pbar/p (scaled CERN data) — 1 x 107 pbar/s
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R.P. Duperray et al., Phys. Rev. D 68, 094017 (2003)
==




MARS Simulation of the pbar AN
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yield [pbar/p]

MARS Simulation of the pbar Yiﬁl'
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FAIR / CERN / FNAL pbar SourceiJ

v‘

E(p), E(pbar)

acceptance

protons / pulse

pulse length

cycle time

FAIR CERN (AC+AA) FNAL

120 GeV, 8 GeV

30 T mm mrad

>5x 1012

single bunch 1.6 s

15s

cycle time 10 s (cooling time in the CR)

overall pbar yield: 1 x 10-5 pbar/p —| 2 x 107 pbar/s scaled CERN data: 1 x 107 pbar/s




IEEE Transactions on Nuclear Science, Vol.-NS-30, No. 4, August 1983

E. Jones, S.

Van der Meer, F. Rohner, J.C. Schnuriger, and T.R. Sherwood
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ANTIPROTON PRODUCTION AND COLLECTION
FOR THE CERN ANTIPROTON ACCUMULATOR
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Geneva, Switzerland
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x [cm]

X [em]

FLUKA results

Cu target, r = 6.5 mm

primary protons homogeneously distributed in a disc with r =1 mm
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FLUKA results
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It is likely that FLUKA overestimates the production cross section.
Therefore, the absolute yields might be a factor 2 to high.
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r [mm]

RN
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o

z [mm]

0 < 100 mrad can be collected
=1 MA(l ~r?

Distance target center - lens: 100 mm

technically challenging / expensive

20 mrad < 0 <80 mrad can be collected
| =0.4 MA

Distance target center - lens: 220 mm

more simple and reliable, less expensive




Li Lens — A Possible Upgrade?
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Li Lens — A Possible Upgrade?

yield [pbar/p]
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Li Lens — A Possible Upgrade?

yield [pbar/p]
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: Experimental data from CERN:
Li Lens — AP A36mm/1.3MAlens gave a 30% higher yield (with
nominal production beam) compared to a 0.4 MA horn.
(with a target optimized for the Li lens)
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The Production Target

Al block

Ti window

inside: Nirod (r=0.15cm, =10 cm)
within graphite cylinder (r = 1 cm)

air cooling







The pbar Separator

y+s[mm] x+s[mm] 250.

-250.

—Target & Collector

Fixed H/V Collimator

_-SCR-1 & GRD-1

Proton beam dump

3
SCR-5&GRD-2

|

| Fixed collimator

MHC

Sextupole

10m

Quadrupole

Path length [m]

240 T mm mrad
Aplp=£3%

CR-type magnets
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Dose rates around the pbar target Ji
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Equivalent dose rates during ope

Sep57, 2.5e13 ppp, 0.2 Hz, -140cm <y <140 cm
3000 I

100
2000
1
0.01
1000 .
5 1e-06
2,
- 1e-08
: 1e-10
-1000
-2000 1 /A | A 1 f
-6000 -4000 -2000 0 2000 4000 6000 8000 10000
z [em]




Equwalent dose rates during open‘é’;"nf"‘? |
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Induced Activity after Shut-Doﬁ)ﬂ »
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Induced Activity after Shut-Doy

1 week cooling, eqivalent dose rate in Sv/h
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1 year cooling, eqgivalent dose rate in Sv/h
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Operation on air for 20 m after
the target.

pbar losses are about 5 % when
He bags are used.
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Target Station
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& Collector
H/V Collimator

SCR-5&GRD-2

Q-17
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Life time doses for the magnet ;!ﬂ i

Dose in MGy per 28 years {58% operation tinme), narrow quadrupole 1, upstreanm coils Dose in MGy per 20 years (50% operation tine), narrow quadrupole 4, upstrean coils
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Life time doses for the magnet

Tablel Comparison of radiation-resistant service life

[ i C heath
Organic compound Inorganic compound opper shea
- E resinlPolvimid ; M Insulator(MgO)
sulator poxy resin|Polyimude resin g0 A
Radiation-resistant life (Gy) | 107 Gy 10° Gy >10" Gy (Oxygen-free copper)

Gy(Gray) : Radiological dosage when energy applied from radiation to a

_ Water-cooling channel
substance is 1J per kg

(Hollow)

J-PARC::

1) Polyimide resin insulation (PI) for up to 100 MGy;

2) Mineral insulation magnet cables (MICs) with larger
cross sections for higher radiation dose up to 100 GGy.

Approximately 20 polyimide insulation magnets and 10 MIC
magnets were designed.
The fabrication started in 2005.

The stranded conductors impregnated by
the polyimide resin to form the coil




