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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-FacHERA-e

eRHIC-e:  a combination of
• wide operating energy range
• high intensity, though not extremely high
• strong-strong BB regime
• longitudinal polarization 
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Working point near 
integer(spin), study

B-factory achieved xy ~ 0.08Beam-beam tune shift 
limit

On energy Injection, 
flexible bunch-bunch 
filling.

Integrated luminosity

Shorter Lifetime 
accomodated

On energy 
injection: top-off 
or continuous

Injection

Vacuum chamber (syn. 
radiation), RF, 
instability …

High luminosity1 x 1011

(0.45A)

Bunch intensity
(120 bunches)

Wiggler || superbend

for low E operations

Less beam-beam limit 
reduction at low E

Damping time <
~25 ms at 5GeV?

Damping decrement

70% polarization 

High Peq

HERA update

High luminosity ~0.2Beam y/x emittance 
ratio

Arc lattice 
Wiggler  superbend

Match ion beam 40-60 (10 GeV)
50-90 (5 GeV)

Beam emittance 
(uncoupled x, nm)

Concerns & MeasuresReason
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0 50 10010 150 200 250 275 m

2 GeV
4 GeV

6 GeV
4 GeV

200 MeV

200 MeV

Polarized Electron
Source

Positron Source

2 GeV

Copper Linac, SLAC type cavities
10 GeV

8 GeV

1.7 GeV3.3 GeV

5 GeV6.7 GeV

200 MeV

200 MeV

Polarized Electron
Source

Positron Source 3.3 GeV

SC Linac, Tesla type cavities

8.3 GeV
10 GeV

0 50 10010 150 200 250 275 m
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0 50 10010 150 200 250 275 m

20 MeV

Polarized Electron
Source

Positron Source

Injection 0.5 GeV

Extraction
5 - 10 GeV
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e-ring IR straight layout: (lattice ZDR2.0)
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Spin matching:
solenoid in rotator: locally spin-transparent 

whole IR: spin-synchro term mainly. 

SLICK simulation with lattice:  (D. Barber) , first results, more to come.
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



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 spin 
precession due to detector’s magnetic field 

• Limit Compton scattering interaction region to short straight section 
(5 m) to reduce sensitivity to bremsstrahlung background

• Strong bend downstream of Compton interaction region provides 
sweep magnet for photon line cledarance and momentum analysis 
for scattered electrons

• Locate longitudinal polarimeter between spin rotators and downstream of 
electron-ion interaction point
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IP Injection
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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

be,y*
(m)

be,x*
(m)

ee,x
(nm.rad)

Ke=
ee,y/ee,x
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C.Tschalaer, B. Weng, S.Peggs

0.01277.92010.6493478.57228.151335.5223250

0.04731277.96710.6497478.55428.150335.5237100

0.21611278.13610.6511478.49128.146535.528350

0.89191278.81210.6568478.23828.131735.547125

Electron 
beam 
path 
length 
changes
(m)

Electron 
beam 
path 
length
(m)

Electron  
bunch 
spacing 
(m)

Electron 
ring RF 
frequenc
y
(MHz)

Colliding 
frequenc
y (MHz)

Proton 
bunch 
spacing 
in time 
(ns)

Proton 
Energy

Possible Solutions : Need engineering evaluation!

• Magnet chicanes in the arc

• Shift 1800 arc : No impact on optics, one knob 
adjustment.
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0.01277.92010.6493478.57228.151335.5223250

0.04731277.96710.6497478.55428.150335.5237100

0.21611278.13610.6511478.49128.146535.528350

0.89191278.81210.6568478.23828.131735.547125

Electron 
beam 
path 
length 
changes
(m)
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beam 
path 
length
(m)

Electron  
bunch 
spacing 
(m)

Electron 
ring RF 
frequenc
y
(MHz)

Colliding 
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(MHz)

Proton 
bunch 
spacing 
in time 
(ns)

Proton 
Energy
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Scratch of  a “super-bend” for radiation enhancement at 5 GeV

Red: normal bend

Blue: center bend only

~54.5

~0.35

70.3m

All bends 
on

~18.1t x

(msec)

~1.06P
(MW)

23.4r (m)

Center 
bend on 
only

x¥
y reduction ~ 20%

(Compare to 10 GeV)

20cm0-5

e-ring path length adj. requirement (with super-bends)
*Total path length increase: 
~4.48cm.
* Linear rad. power at 10 
GeV ~14kW/m

e-p(GeV)    5/250      10/250                                10/50
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• Conventional instabilities (impedance-driven)
single bunch front:   comparable to BF’s now
multi-bunch front:     relatively easier than BF’s

��',� ��
���������:
���(�����(������� �-�� ��� ��(��;�-����

Other instabilities
Fast Beam-Ion Instability (FBII, for e-)
Electron Cloud Effects (ECE, for e+)  

Comparable to B-factories
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Particle/bunch(1110

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(1e11)

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

Single bunch parameters of BF and CESR: in routine operation, not the limits.



ControlsSupports

Dipoles Orbit CorrectorsQuads Sextupoles

NEGs Bellows Getter / Ion pumps

Flip Target / Wire Scanner / BPM Ion Clearers

4 62 8 100 11 m
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Storage Ring
Tunnel 13.9
Magnets (incl. measurements) 53.2
Support/Stands 2.5
Vacuum 21.5
Power conversion 8.5
RF 13.7
Feedback (transv. + long.) 3.7
Diagnostics 3.1
Control System 8.0
Subtotal Ring 128.1

Interaction Region
Magnets 4.5
Power conversion 1.8
Support/Stands 0.6
Vacuum 1.6
Diagnostics 0.6
Subtotal Interaction Region 9.1

Total Ring 137.2
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Electro n P ro to n Electro n Au
Energy E                                         [GeV] 10 250 10 100
k= y/ x 0.18 1 0.18 1
K = y/ x 0.43 0.43 0.43 0.43

en (io n) [p mm mrad ] 15.0 6.0
Emittancs     x                                [nm.rad] 54.0 9.4 53.0 9.4
Emittancs     y                                 [nm.rad] 9.7 9.4 9.5 9.4

bx*              [m] 0.19 1.08 0.19 1.08

by*              [m] 0.19 0.2 0.20 0.2
 xx 0.042 0.0095 0.033 0.0095
 xy 0.1 0.0041 0.08 0.0041
P artic les /Bunch 1.40E+11 1.41E+11 1.38E+11 1.40E+09
Lumino s ity  £ [cm-2s-1] 1.0E+33 9.9E+30
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