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eRHIC: QCD Test Facility

Electron accelerator

)

Unpolarized and

80% polarized Iep’ronsT

}—%4— 1

4-30 GeV
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RHIC

70% Polarized protons
250 50-250 (325) GeV

Light ions (d,Si,Cu)
Heavy ions (Au,V)
50-100 (130) GeV/u

Polarized light ions
(He3) 215 GeV/u

Center of mass energy range: 20-200 GeV
Any polarization direction in lepton-hadrons collisions
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Staging all-in tunnel eRHIC:

energy of electron beam is increasing from 5 GeV to 30 GeV

by building-up the linacs

Polarized e-gun

Beam-dump

/ P10

275 GeV

225 GeV.

17.5GeV

12.5 GeV

7.5 GeV

N

Common vacuum chamber
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eRHIC detector

6 pass 2.5 GeV ERL
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Luminosity in eRHIC

eRHIC IRI1

p/A e
Energy (max), GeV 325/130 20
Number of bunches 166 74 nsec
Bunch intensity (u) , 10! 2.0 0.24
Bunch charge, nC 32 4
Beam current, mA 420 50
Normalized emittance, 1e-6 m, 95% for p / rms for e 1.2 25
Polarization, % 70 80
rms bunch length, cm 49 0.2
B*. cm 5 5
Luminosity, cm-2s-! 1.46 x 103

(including hour-glass effect h=0.851)

office of Nuclear py, 5

- Luminosity for 30 GeV e-beam operation will be at 20% level



Luminosities in electron-hadron collisions
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Main R&D ltems

*Electron beam R&D for ERL-based design:

— High intensity polarized electron source

+ Development of large cathode guns with existing current densities ~ 50
mA/cm? with good cathode lifetime.

— Energy recovery technology for high power beams

 multicavity cryomodule development; high power beam ERL, BNL ERL test
facility; loss protection; instabilites.

— Development of compact recirculation loop magnets

« Design, build and test a prototype of a small gap magnet and its vacuum
chamber.

— Beam-beam effects: e-beam disruption
*Main R&D items for ion beam:
— Beam-beam effects: electron pinch effect; the kink instability ...
— Polarized 3He acceleration
— 166 bunches

*General EIC R&D item:

—Proof of principle of the coherent electron cooling
BROOKHEUEN
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Beam Optics of the ARC's
and
matching to Linac's is currently under study
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eRHIC ARC magnets: LDRD R&D project

Small gap provides for low current, low power consumption magnetse=
- ->|low cost eRHIC ©, 6. Mahler, W. Meng,

- Dipole prototype is under tests A. Jain, P. He, ¥ Hao
*  Quad and vacuum chamber are in advanced stage

Gap 5 mm total
0.3. T for 30 GeV

245Ampere, Transverse scan at center of the dipole
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e Linac's Located
at 10 and 2 o'clock Straight Sections

200 m ERL Linac
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eRHIC Linac Design ©I. Ben Zvi 10

4m.~

703.75 MHz Dr'lfT
1.6 m long 1.5 m long

7 Total linac length depend on energy
= All cold: no warm-to-cold transition
-_—

Based on BNL SRF cavity with fully suppressed HOMs
Critical for high current multi-pass ERL

PRELIMINARY CRYOMODULE Injection » E max ———————» to Dump

©George Mahler U 0 0

| | String assembly of multiple cavities. 60. -crhic MAD-X 3.04.69 14/03/09 004648
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for clarity. 50. | Z ]

5.1 | ]
SC doublet 40. ‘\ | ]
Breakdown of the eRHIC Cryomodule 35 1 . | \ | ]
N cavities = 6 (but can 4-8) 30. 1 /\'/ \v‘\ ‘ i
Transitions Module length = 9.6 m 25 ] O | \ \

. L \ 7 b
L period = 10.6 m 20. ] v \/ ]
Cavities & He Vessels E. =180 MV/m 751 f ) ) \ i
Blade Tuner dE/ds = 10.2 MeV/m o |l Several variants of linac Y |1/ ]
5. Y lattice have been it

0'0 ] . . Q\IQII\I’\QI"I . .

00 100. 200. 300.° 400.%¥'300.  600. 700.  800.
s (m)

BROOKNHAUEN Energy .of electron beam is lnf:reased in stages by
NATIONAL LABORATORY  jncreasing the length of the linacs




Energy Recovery Linac (ERL) Test Facility Using the 5-cell SRF Cavity

Test of high current (0.5 A), high brightness ERL operation

Electron beam for RHIC (coherent) electron cooling (54 MeV, 10 MHz, 5 nC, 4 um)
Test for 10 — 20 GeV high intensity ERL for eRHIC

Test of high current beam stability issues, highly flexible return loop lattice

Allows for addition of a 2"d recirculation loop

VVVVYVYY

Return loop

ELRF4.1

MV, 0.5A

CATHODE

CsKSb

5 Cell SRF “single mode” cavity
Q> 10" @20 MV/m CW

1011

Q 1010 %

10°

1 MW, 703.75 MHz CW Klystron
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Transverse Beam BreakUp (TBBU) instability (®E. Pozdeyev)

* HOMs based on R. Calaga’'s simulations/

measurements

* 70 dipole HOM's to 2.7 GHz in each

cavity

* Polarization either O or 90°

* 6 different random seeds
* HOM Frequency spread 0-0.001

0.8892
0.8916
1.7773
1.7774
1.7827
1.7828
1.7847
1.7848
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eRHIC New Cavity Design 7037

New cavity design f
Reduce peak magnetic field. eRHIC

Reduce stiffness.

Apply new ideas in HOM damping:

Reduce fundamental at HOM
couplers

Increase real-estate gradient

Development / measurement
program

. ) [em]

| I3 'f i -21.3c¢ BNL | («=25 deg) — ||
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Main technical challenge is 50 mA
CW polarized e gun:
we are building two versions

Gatling gun

Single large size cathode

© E.Tsentalovich, MIT
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Electron beam disruption for eRHIC.
Optimization of beam parameters

Y.Hao
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eRHIC: polarized protons

»
»

RHIC only polarized proton collider in the world
polarization: up to 65% achieved at 100 GeV
and presently up to 40% at 250 Ge

@ = Absolute Polarimeter (H jet) ™ RHIC pC
© T Siberian Polarimeters
Snakes

» PHENIX

-« Helical Partial
Siberian Snake

200 MeV
Polarimeter

AGS
Polarimeters
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Polarized 3He*2 for eRHIC

« Larger G factor than for protons

« RHIC Siberian snakes and spin rotators can be used for the spin
control, with less orbit excursions than with protons.

* More spin resonances. Stronger resonance strength.

« Spin dynamics at the acceleration in the injector chain and in RHIC has
to be studied.

12 T T T T T T T T T T T T T

1L He’ rhic.2001 twiss(10mp )
= m, GeV 2.808 0.938
£ost
g G -4.18 1.79
£ 06|
L E/n, GeV| 16.2-166.7 | 24.3-250
e ‘ i I ‘ |ll’ g y 17.3 - 177 | 25.9 - 266
7 pli 'l" oot ‘!\'lm (il |\|wu|‘l‘|'"'ll‘1| m‘[ I.!hﬂ"'l"‘ .
0! ..|,..M..-|!'m...,,,,ul“nlrf'h hh I ’.l,l'ﬂﬂ“ﬂ! |||'|'h J IGy| 725 - 744.9 | 46.5 - 477.7

Gy
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Electron polarization in eRHIC

The polarization benefits greatly from the linac acceleration geometry

> No coherent buildup of small depolarizing errors -> No problem with depolarizing
resonances

» No depolarization due to synchrotron radiation
» Simple control of spin orientation at the collision point

@a, Vd
Polarized -—
e-gun
o, Yo \‘
The polarization orientation at the eRHIC detector: - ,
4 detect
P, ‘
p I:Je stays in horizontal plane
d Q@ and rotates in arcs around
@, =@, + Gf y(@)d@ vertical direction
0
Ve

Adjusted by Wien filter

Adjusted by modifications
rotator after the source

of energy gains in the linacs
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eRHIC - Geometry high-lumi IR with f*=5 cm, 1*=4.5 m

and 10 mrad crossing angle 05

<t
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4 o
'X' 3,67 mra
E E B'= 5 cm - eRHIC Interaction Regions at STAR and PHENIX
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RHIC - Geometry high-lumi IR

o,
oy _____——1 | N
— f ‘ ’_":3 10 nnadL e
1 2 3 4 5 3 6 .
© D.Trbojevic
BROOKHEWEN "]i

NATIONAL LABORATORY




Quads for B*=5 cm

60.0—

50— For lp = 1100. A, we
50.0f— have G = 150. T/m
Y (mm) 450/—
400M—
50—
00—
25.01—
00—
150—
100—
50—
X (mm)
' Crude Model has 10 unit )
e error @ 10. mm Ryef
AGg/Ggat "
Rref =10 mm
(Fractional =
Variation) '

Theta (Degrees)

Dejan wants about 200 T/m but for 15 mm radius aperture. Now we might get away witha 2 mm
thick coil support tube and maybe just 5 conductor layers (i.e. planar pattern first and then two
Serpentine coil sets). 15+2+.6= 17.6 mm with the rest

start shiolded quad for oREIC-2010
tal(dipole=1) 2,

O

5 Layers, C-to-C space =

1.248 mm
Rrof=  10.000 =m Offsot = 0.00 mm Span 1.52 to 30.96
dag
Layor Block Radius Spacer(deg) Turns  c2c(mm)
1 1 17.600  0.000 7.00 1.260
2 1 19000  0.000 800 1320 < 0~
3 1 20400  0.000 8.00 1.240
I 1 21800  0.000  10.00 1.240
5 1 23.400  0.000  10.00 1.240
Transfor Function =  0.13613  T,m chisq =
529.1
M be  bmdesign  weight
1 0.000  0.000  0.000  0.000 -
2 10000.000 20000.000  0.000  0.000 | Estimate the number of turns
3 0000  0.000 1.000  0.000 .
1 0.000 0.000 1.000 0.000 ||17.6%05236/125=7.3723 | 7 Coil Buildup
P S - - S o o O b Chnsnosati o
€ -0.2¢2 0000 8000 0000 | 19%05236/1.25=7.5587 17.6 +1.4=19
7 0.000  0.000  1.500  0.000 - o
e 0.000 0.000 1.500 0.000 ||20.4°0.5236/1.25=8.5452 | 8 19+14=204
9 0.000  0.000 1.500  0.000 —— 1T _
10 -9.148 0.000 2.500 0.000 || 21.8°0.5236/1.25=9.1316 204+14=218
1n 0.000  0.000  2.500  0.000 21.8 +1.6=23.
12 0.000 0.000 2.500 0.000 || 23.4%0.5236/1.25=9.8018 i 18+16=234
13 0.000  0.000  2.500  0.000
1t 0.481 0.000  2.500  0.000
15 0.000  0.000  2.500  0.000 _ _ b i 2 hi
1€ 0,000 0,000 3 500 o000 | FOr 290 T/m=>200./.13613=1,469. A... WhICh is a bit|
1; g. ggg g. ggg i ggg g. ggg too high. Assume we can get away safely with about
1 L N " L
19 0000 0000 450  o.00 | 1100.A =>1100.*0.13613=150. T/m
20 0.000  0.000 5.500  0.000 - ; 9 .
by == 0,000 < 200 0,000 For a 200/150=1.3333 i.e. a 33% longer quad

Average radius = (17.6+19+20.4+21.8+23.4)/5=20.44 mm then block goes from R_in = 17 mm
t02*20.44-17=23.88 mm for R_out
Total Turns = 7+8+8+10+10= 43 Turns/pole for NI = 1100.*43= 47300. Total Amp Turns

For compensation coil (23.88/32)"4=0.31 gives about the same percentage drop as before, so we
have R_in_comp = 31.5 mm & R_out_comp =32.5 mm
Look for partial compensation (just to reduce flux in septum region) with 1100*9=9900. Amp Turns

Opera-2¢ > POINT
METHOD=CARTESIAN XP=31 YP=0
COMPONENT=by HOMOGENEITY=NO
At(31.0,0.0) BY
=-5.03621499991736E-03

oK

Opers-2a > POINT
METHOD=CARTESIAN XP=43 YP=0
COMPONENT=by HOMOGENEITY=NO
At(42.0,0.0) BY
=-5.793371000183026-03

G =(9.79-9.06)* 1e-5/2e-3=
0.0036 T/m Gradient in
the cutout region

Note: this is a crude model that has not yet been optimized but it gives
a "proof of principle.” If you allow more field in the cutout region, then
the gradient can be increased slightly (or both can be reduced).

By (Gauss) as a function of X (mm) in the Cutout Region

(6)

About 1. Gauss in the middle
and small gradient of 0.004 T/m
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90_7'37”1 S e ismid
| GRHIC interaction region (top view)
" (rom teft pin rotator to right spin rtaton)
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Electron Spreader / Merger

1 I I | l I I I I I I I

15
Distance [m]
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Direct Synchrotron Radiation from Hard Bend

(direct radiation will be masked from detector, but they generate secondary radiation)
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Direct Synchrotron Radiation from Soft Bend

(this part of direct radiation + some indirect radiation will get into eRHIC detector)

19

10 - T T T T T T T T T T T r T T T T T T T rrT
s 6=0.25mrad m=m E =30GeV B=25G E =1.5keV I=10mA P=0.7W |3
Lmag=10 m e_ _ c_ _ _ ]
I Dist=80 m E_=25GeV B=21G E_=867eV [=20mA P=0.7W |]
10"k e E =20GeV B=17G E =444eV |=50mA P=0.7W |
2 Rdetec=2cm e c E
m== E_=10GeV B=8.3G E_=55eV |=50mA P=44mW |]
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