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eRHIC: QCD Test Facility 
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Unpolarized and 
80% polarized leptons 
4-30 GeV 

Polarized light ions 
(He3)  215 GeV/u 

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

70% Polarized protons  
25↓ 50-250 (325) GeV 

Electron accelerator RHIC 

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 
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eRHIC IR1 

p /A e 

Energy (max), GeV 325/130 20 

Number of bunches 166 74 nsec 

Bunch intensity (u) , 1011 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 4.9 0.2 

β*, cm 5 5 

Luminosity, cm-2s-1 1.46 x 1034 

  (including hour-glass effect h=0.851)  
Luminosity for 30 GeV e-beam operation will be at 20% level 

Luminosity in eRHIC 



Luminosities in electron-hadron collisions 

ELIC 

eRHIC II 
eRHIC 

e+A facilities 
© 2010 Plot by A.Accardi   except 
eRHIC luminosity by V. Litvinenko 

HERA II  



Main	
  R&D	
  Items	
  

• Electron beam R&D for ERL-based design: 
– High intensity polarized electron source  

•  Development of large cathode guns with existing current densities ~ 50 
mA/cm2 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 



ARC’s	
  

1.27 m beam high 

30 GeV e+ ring 

30 GeV ERL      6 passes 

HE ERL passes 

LE ERL passes 

30 GeV  
25 GeV 
20 GeV 

15 GeV  
10 GeV 
  5 GeV 

Beam Optics of the ARC’s  
and  

matching to Linac’s is currently under study 



eRHIC ARC magnets: LDRD R&D project 
•  Small gap provides for low current, low power consumption magnets  

•  -> low cost eRHIC 
•  Dipole prototype is under tests 
•  Quad and vacuum chamber are in advanced stage 

Gap 5 mm total 
0.3 T for 30 GeV  
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e- Linac’s Located  
at 10 and 2 o’clock Straight Sections 

1.27 m beam high e+ ring 

200 m ERL  Linac 



703.75 MHz 
1.6 m long 

Drift  
1.5 m long  

to Dump E max 

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 

10 ©I. Ben Zvi 

©George Mahler 
Injection 

Energy of electron beam is increased in stages by  
increasing the length of the linacs  

Several variants of linac 
lattice have been 

developed 



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

1 MW, 703.75 MHz CW Klystron 

Return loop 

  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 µm)  
  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 2nd recirculation loop 
  Start of commissioning: 2011. 

2-3 MeV 

20 MeV 

20 MeV 

20 MeV 

2-3 MeV 

SRF Gun 
2MV, 0.5A 

5 Cell SRF “single mode” cavity 
Q > 1010 @20 MV/m CW 

Beam dump 
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Transverse Beam BreakUp (TBBU) instability   (©E. Pozdeyev)  

Excitation process of transverse HOM 

eRHIC 

•  HOMs based on R. Calaga’s simulations/
measurements  
•  70 dipole HOM’s to 2.7 GHz in each 
cavity 
•  Polarization either 0 or 90° 
•  6 different random seeds  
•  HOM Frequency spread 0-0.001 

F	
  (GHz)	
   R/Q	
  (Ω)	
   Q	
   (R/Q)Q	
  

0.8892	
   57.2	
   600	
   3.4e4	
  

0.8916	
   57.2	
   750	
   4.3e4	
  

1.7773	
   3.4	
   7084	
   2.4e4	
  

1.7774	
   3.4	
   7167	
   2.4e4	
  

1.7827	
   1.7	
   9899	
   1.7e4	
  

1.7828	
   1.7	
   8967	
   1.5e4	
  

1.7847	
   5.1	
   4200	
   2.1e4	
  

1.7848	
   5.1	
   4200	
   2.1e4	
  

Threshold significantly exceeds the beam current, 
especially for the scaled gradient solution. 
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Higher Order Modes  (HOM) 



f=703.75 MHz    



©J.Skaritka 
© E.Tsentalovich, MIT 

Main technical challenge is 50 mA  
CW polarized e- gun:  

we are building two versions 

Single large size cathode  

Gatling gun 

©X.Chang 



Electron beam disruption for eRHIC. 
Optimization of beam parameters  
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Parameters 
with minimal 
disruption: 
β*= 0.2m 
Emittance: 
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Y.Hao 



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 GeV 

PHENIX 
(p) 

AGS 

LINAC 

BOOSTER 
Pol. H- Source (OPPIS) 

200 MeV  
Polarimeter 

Helical Partial  
Siberian Snake 

Strong AGS 
Snake 

RHIC pC 
Polarimeters 

Absolute Polarimeter (H jet) 

STAR 
(p) 

AGS 
Polarimeters 



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. 

3He+2 p 

m, GeV 2.808 0.938 

G -4.18 1.79 

E/n, GeV 16.2-166.7 24.3-250 

γ	

 17.3   -  177 25.9  -  266 

|Gγ | 	

 72.5   -  744.9 46.5  -  477.7 

Max strength 
 for protons 



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 

 The polarization orientation at the eRHIC detector: 

Polarized  
e-gun 

Pe 

eRHIC 
detector 

ϕd, γd 

ϕ0, γ0 

ϕ	



Adjusted by Wien filter 
rotator after the source 

Adjusted by modifications 
of energy gains in the linacs 

Pe  stays in horizontal plane 
and rotates in arcs around  
vertical direction 
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eRHIC – Geometry high-lumi IR with β*=5 cm, l*=4.5 m 
and 10 mrad crossing angle 

© D.Trbojevic 

30 GeV e- 

325 GeV p 

Or 125 GeV/u ions 



RHIC – Geometry high-lumi IR 
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Quads for β*=5 cm 

© B.Parker 
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Electron Spreader / Merger 

5GeV 

30GeV 

10GeV 

20GeV 

15GeV 

25GeV 
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e in D1 magnet

Lmag=2.75m

Bmag=1.46T
Ielectron=10mA

Ee=30GeV Ec=605keV P=66kW
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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)  


