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AGS

BOOSTER

TANDEMS

RHIC

5 – 10 GeV e-ring

e-cooling

5 -10GeV Injector

LINAC
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BNL: L. Ahrens, D. Anderson, M. Bai, J. Beebe-Wang, I. B en-Zvi, M. Blaskiewicz,
J.M. Brennan, R. Calaga, X. Chang, E.D. Courant, A.  Deshpande, A. Fedotov,
W. Fischer, H. Hahn, J. Kewisch, V. Litvinenko, W.W . MacKay, C. Montag,
S. Ozaki, B. Parker, S. Peggs, V. Ptitsyn , T. Roser , A. Ruggiero, B. Surrow,
S. Tepikian, D. Trbojevic, V. Yakimenko, and S.Y. Z hang

MIT-Bates:
M. Farkhondeh, W. Franklin, W. Graves, R. Milner, C . Tschalaer,
J. van der Laan, D. Wang, F. Wang, A. Zolfaghari and T. Zwart

BINP: A.V. Otboev and Yu.M. Shatunov
DESY: D.P. Barber
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• Present eRHIC design: 360 bunch mode. 
Factor 6 from the current RHIC operation.

• Why 360? 
The luminosity is proportional to number of bunches . So, it is worth to evaluate if 

one can use maximum number of bunches allowed by ex isting acceleration RF 
system.

• Bunch separation (~35ns) gets close to LHC value ( 25ns).  Should be similar 
issues (electron cloud) and, therefore, learning fr om LHC knowledge and 
experience.

• Present problems: vacuum pressure rise and electro n cloud in warm sections.
Hopes: NEG pipes will be a cure and push the limits  to (? will see)
Other remedies: baking, solenoids.

• In cold sections:  cryogenic heat load of the beam  pipe.
Two main sources: parasitic loss and electron cloud

• Long range parasitic beam-beam effects.
Serious issue since the work on proton-proton colli sion are assumed in parallel 

with  e-p collisions. Beam studies should be consider ed
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• To maximize luminosity the transverse cooling is needed for ions and lower energy protons. 
(also for high energy protons in linac-ring in dedicated mode, e-p collision only)

• Longitudinal cooling to maintain shorter rms bunch length (<20cm) for Au.
• Electron cooling system is under development on RHIC as well as studies on possible 

stochastic cooling.
• Electron cooling is not very effective for protons. Thus the investigation if one can reduce 

emittance blowup in the injectors would be quite helpful.  
(Blowup sources: Booster target, BtA matching, AGS emittance increase at acceleration) 
(H.Huang)

15Protons

E > 150GeV

4-14.5

5

12-15

Protons

E < 150GeV

1.5-6610Au

eRHIC

linac-ring

eRHIC

ring-ring

Presently 
achieved

Normalized emittance, π 10-6 m

��
� ��
�



�������� 	�
���
�� ����������



�������� 	�
���
�� ����������

)���
���*����
���
���!
+
��
�!�)���
���*����
���
���!
+
��
�!�
'#(�
�

"����N���A�	�	���	�
���
���
��	�A�	�	���������
��


'�A����
�������
��8 
����	��
�

/���
��
����������
��


/'�A����
���������$���
5�+
��
��.������������� ���+
��
��8 �JF:I�

B
����	��
���
��+�������������
��
C�

/������������ ���+
��
��
5�+
��
�����$���������������+����
�����BQ D�R9�	C

B�����
��� ��������
��
�
�
���S�����C�

/�������������+����
��������+���*'���
+���
��
������<���+��	�+��	�������
�
�

/'�A����
���������$��T
��/��U������
��


/!������	��

��
��	�A�	�	�B��
�	��C�+����

���

/!����������$������
�����.�
�	��<�
����.�������������	�
���
�

B����������	/���	�
�
�����.
����	�

��C

��
�V����.���������
��
��.�����
��
���
������S������8 ==�	�
#��
�9:�"�3�

��
�V�.�A����
�������
����S�������A��
�����9:�"�3��
5�+
��



�������� 	�
���
�� ����������

-��
�
������
��.��
������.��*� �/�
��	������
�
���A��
�
�����
�
���
��

0.08~0.08~0.05BB para.

Yes No Yes Polarization

0.45 – 1.01.0 – 2.50.05Current (A)

5 - 10~3(L), ~9(H)~ 27Energy (GeV)

eRHIC-eB-FactoryHERA-e

eRHIC-e:  a combination of
• wide operating energy range
• high intensity, though not extremely high
• longitudinal polarization 
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Circumference (m) 1278 3834

Electron Energy (GeV) 10 250

Bending radius (m) 81

Bunch spacing (m) 10.6

Number of bunches 120 360
Bunch population 1.0 1011 1.0 1011

Beam current (A) 0.45

Energy loss/turn (MeV) 11.7

Acc. Voltage (MV) 25

Total rad. Power (MW) 5.28

Syn. Rad. Power / m (KW) in Arc 9.66

Self-pol. Time at 10GeV (min.) 22.03

Emittance-x, no coupling  (nm.rad) 56.6 9.4

Beta function at IP (cm) βy
*/βx

*
19.2/26.6

Emittance Ratio (εy / εx) 0.18 1

beam-beam parameter (x) 0.03 0.0065
beam-beam parameter (y) 0.08 0.0033

Beam size at IP(um) x 104

Beam size at IP(um) y 52

Bunch length (cm)  z 1.17

S.R. damping time(x) (ms) 7.3

Beta tune µx /µy 26.105/22.145
Natural chromaticity ξx/ y -35.63/-33.84

Luminosity  (1033/cm2/s) 0.44
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6.30.080.081.410.190.38270.5

6.30.080.0481.410.190.23450.30

6.30.080.041.410.190.19540.25

5.00.080.0321.130.230.19540.20

4.50.080.0291.00.260.19540.18

3.80.080.0240.850.310.19540.15

2.50.080.0160.570.470.19540.1

L  1e32
(cm-2s-1)

yxProtons 
(1e11)
per bunch

βe,y*
(m)

βe,x*
(m)

εe,x
(nm.rad)

Ke=
εe,y/εe,x
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1.50.41.01~2Bunch length (cm)

~20~10~17~15Average beta (m)

1.01.6/3.51.2/3.60.72/11.7Energy loss/turn (MeV)

2.42.41.910.6Bunch spacing (m)

2.00.9/0.71.0/0.61.0Particle/bunch (1011)

1.01.9/1.22.4/1.40.45Total current (A)

310/186/155~25RF voltage (MV)

500508476478.6 or
506.6

RF freq. (MHz)

776301622001278Circumference (m)

5.33.5/8.03.1/9.05 ~ 10Energy (GeV)

CESR-IIIKEKB
LER/HER

PEP-II
LER/HER

eRHIC
lepton ring
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Combined function sc quads.
Bending angles: (Asymmetric!)
right side:  q1: =-2.74 mrad,  q2:=-2.01 mrad,  q3:= -4.19 mrad
left side: q1: = 2.5   mrad,   q2:= 5.3   mrad,  q3:=  0.0  mrad

C. Montag -BNL
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Spin matching:
solenoid in rotator: locally spin-transparent 

whole IR: spin-synchro term mainly. 

SLICK simulation with lattice:  
sensitive to orbit errors, not a surprise.  
with good corrections, polarization is quite decent with  0.3mm rms COD
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• Compton scattering cross section is well known theoretically and has a term dependent 
on electron spin and laser helicity

> Can extract e- polarization by measuring asymmetries in scattering rates for 
circularly polarized laser light

• Compton scattering in highly relativistic frame compresses angular distribution into a 
narrow kinematic cone and shifts photon frequencies into gamma regime 

> Detect backscattered photons or scattered electrons with compact detector
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Solenoid Solenoid

-90 mr -10 mr

10 mr

� �� �� � �� �

-10 mr

10 mr 90 mr

e’
Solenoid Solenoid

IP/Detector

• Weak bend upstream of polarimeter compensates for s pin 
precession due to detector’s magnetic field 

• Limit Compton scattering interaction region to sho rt straight section 
(5 m) to reduce sensitivity to bremsstrahlung backgr ound

• Strong bend downstream of Compton interaction regi on provides 
sweep magnet for photon line clearance and momentum  analysis for
scattered electrons

• Locate longitudinal polarimeter between spin rotators and downstream of 
electron-ion interaction point
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•A minimum proton energy of 50 GeV (rather than 25 G eV) reduces ^�	�A 
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Possible solutions : All require engineering evaluation

• Multiple chicanes in arcs (Optics Distortion)

• Translate entire 1800 arc  (Trombone)
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Original FODO Eight-Dipole Chicane
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0Equilibrium Polarization 

40 sPolarization Damping Time 

<60 HzSynchrotron Cycling Frequency

100 kWInstalled RF Power

75 MVInstalled RF Voltage

50 kWPeak Beam Power @ 10 GeV

1 mAAccelerated Current

47 MV @ 10 GeVSynchrotron Radiation Losses / Turn

30 mDipole Curvature

500 mCircumference

500 MeVInjection Energy

10 GeVMaximum Energy
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