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Electron Storage Ring Requirements 

•  Store electron beam in energy range 5-18 GeV 

•  Up to 2.5A beam current, up to 10 MW synchrotron 
radiationpower 

•  Provide at least 70% average polarization level and  
longitudinal polarization in experimental points 

•  The ring has to fit in available space along circumference 
of present RHIC tunnel 
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Based	on	accelerator	technologies	of		B-factories	and	HERA	



Storage Ring Beam Parameters 
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Beam energy GeV 5 10 18 

Beam current A 2.5 2.5 0.26 

Number of bunches 1320 1320 330 

Total SR power MW 3.3 9.2 10 

Energy loss per turn MeV 1.3 3.7 39 

Horizontal RMS emittance nm 20 20 22 

Vertical RMS emittance nm 2.0 1.0 3.3 

RMS energy spread 10-4 5.8 5.5 10 

Transverse damping time ms 99 70 12 



Hadron	ring	(RHIC	Yellow)	

Hadron	41	GeV	path-shortening	arc	

Hadron	injection	line	

Electron	storage	ring	

Electron	RCS	injector	

12	o’clock	
Injection/Extraction;	
Polarimeters	

	10	o’clock	
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RCS	warm	RF		

	

2	o’clock	
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6	and	8	o’clock	
Detector	areas	
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Electron Storage Ring in RHIC Tunnel 

4 

•  Electron storage ring runs 
around the tunnel 
circumference at the  plane 
of the hadron ring;  
with ~1m offset 
 

•  4 crossings of hadron ring; 
two of them can be used 
for experimental detectors 
 

•  CESR =  3833.94 m 
CRCS =  3842.14 m 
(CRHIC = 3833.85 m) 
 

Storage		
Ring	

RCS		



Arc Lattice and Superbends 
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Figure 3.37: Superbend dipole assembly.

•  Arc sextant is based on FODO 
cells 

•  Cell length: 16.1 m  
•  Cell phase advances: 

•  60º /cell for 5 and 10 GeV  
•  90º /cell for 18 GeV 

•  Rave = 381 m 
•  Dipole filling factor = 72% 

•  The main bending element is a 
superbend consisting of three 
rectangular dipole magnets.  
 
Superbends are used for emittance 
and damping decrement control . 
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Storage Ring Lattice Parameters 
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Table 1.6: Parameters of the beam optics in the arcs for different beam energies. At the lowest
energies Ee < 10 GeV, the short dipole in each half-cell is reversed, thus creating a super-
bend. This increases radiation damping and damping decrement, provides the required
beam emittances, and prevents the bunch length from becoming too short.

Parameter 5 GeV 10 GeV 18 GeV

Phase advance per cell [degrees] 60 60 90
Horizontal emittance [nm] 20 20 22
Relative energy spread [10�4] 5.8 5.5 10.0
Transverse damping time [turns] 7750 5450 940
Natural chromaticity x/y -96.2/-89.5 -96.2/-89.5 -101.2/-99.6
Momentum compaction factor [10�3] 1.03 1.04 0.53
Quadrupole strength kQF [m�2] 0.215 0.215 0.283
Quadrupole strength kQD [m�2] 0.216 0.216 0.279
Hor./Vert. sextupole families/sextant 3 3 2
Arc bmax

x [m] 27.7 27.7 26.5
Arc bmax

y [m] 27.4 27.4 26.8
Arc maximum dispersion [m] 0.95 0.95 0.57
Quadrupole aperture requirement x/y [mm] 30/30 30/30 30/30

ual magnets with a system of five individually powered quadrupoles between them. Spin
matching is accomplished by adjusting 40 independent quadrupole circuits in the inter-
action region. Figure 1.8 shows the colliding straight section with the interaction region,
matching section, dispersion suppressors, and spin rotators.

Maintaining Radiation Damping and Emittance Control for 5 GeV Electron Beams

Radiation damping allows the electron beam to have a large beam-beam tune shift. While
sufficient radiation to allow a large beam-beam tune shift is produced at higher energies,
simply scaling down the dipole fields for lower energies does not result in sufficient radi-
ation damping to allow for the same large beam-beam tune shift. The radiation damping
for 11 GeV still corresponds to the damping decrement d = 1/( fc · tx,y) of KEKB, where
tx,y denotes the horizontal and vertical damping time and fc is the revolution frequency.

The solution to this is to place three dipoles, instead of a single dipole, between the arc
quadrupoles. At high energies (18 GeV), all three dipoles have the same field. At the low-
est energy (5 GeV), the central dipole will have a higher field (0.46 T) and reversed polar-
ity. This will increase synchrotron radiation sufficiently to reduce the transverse damping
times to 50 msec which gives a damping decrement comparable to that realized in KEKB.
This arrangement will also increase the beam emittance close to the 10 GeV value whereas
the total synchrotron radiation power is less than half the 10 GeV value (3.2 MW). Fig-
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Figure 3.37: Short solenoid module (left) and long solenoid module (right).

Figure 3.38: Four-bend module (left) and IR module (right).

achievable polarization. Thorough spin simulation studies 
have yet to be performed to determine the tolerances on 
the closed orbit and betatron coupling control, and the 
required efficiency of spin matching and correction tech-
niques. The eRHIC storage ring uses damping wigglers to 
increase the damping decrement at lower energies. Wig-
gler-enhanced synchrotron radiation increases the spin 
diffusion rate. Thus, careful attention must be paid to the 
possibility of enhanced depolarization at lower energies. 
Similarly, the effect of beam-beam interactions on polari-
zation needs attention, since large electron beam tune 
spreads would effectively widen the intrinsic spin reso-
nances. 

 
Figure 2: Electron polarization levels achieved in various 
electron storage rings [3]. 
 

SPIN ROTATORS  
Spin rotators are needed to convert the vertical polari-

zation of the electron beam in the arcs to a longitudinal 
polarization at the experimental detector. The state-of-the-
art electron spin rotator that was used in the electron-
proton collider HERA (DESY, Germany) [5] employed a 
sequence (~ 56 m long) of interleaved vertical and hori-
zontal dipole magnets to transform the vertical spin of 27 
GeV electrons to the required orientation in the horizontal 
plane. The vertical orbit excursion inside the spin rotator 
was quite large – about 20 cm – thus requiring some of 
the rotator magnets to be shifted vertically from the plane 
of the HERA electron ring.   

Spin rotators based on helical magnets have been suc-
cessfully used for polarized protons in RHIC [6]. The 
helical magnet design leads to smaller orbit excursion 
compared with the design based on common dipoles. 
Helical magnet design of electron spin rotators has been 
proposed for LHeC [7].    

The eRHIC spin rotators must operate over a large en-
ergy range, from 5 GeV to 20 GeV. Since the orbit excur-
sion in the dipole magnets (common-type or helical) 
scales inversely with the beam energy, a HERA-type 
rotator leads to 1 m orbit excursions of 5 GeV electrons. 
Furthermore the synchrotron radiation power (per meter) 
produced by 20 GeV eRHIC electrons is considerably 
larger than the 27 GeV electrons in HERA, due to the 
much large electron current. Reducing the linear power 
load requires further increasing the rotator length and, 

correspondingly, the orbit excursion. Therefore, the most 
practical solution consists of a spin rotator based on 
strong solenoid magnets. Solenoidal Siberian Snakes have 
been used in electron accelerators operating in the 0.5 
GeV to 1 GeV range [8].  

A solenoid-based scheme for eRHIC using two rotators 
on each side of the interaction region is shown in Figure 
3. The combination of rotators (rot1 and rot2) and bend-
ing arcs (bend1 and bend2) allows to realize the exact 
longitudinal orientation of electron spins in the whole 
energy range from 5 GeV to 20 GeV.  Optimization of 
solenoidal spin integrals led to the parameters listed in 
Table 1. Figure 4 shows the dependence of solenoidal 
field integrals on the electron energy. The spin rotator 
will be based on superconducting solenoid magnets with 
magnetic fields in the 7 T to 10 T range. High-
temperature superconducting technology might be con-
sidered to produce even higher fields.  

 
 
Figure 3: Schematic layout of the electron spin rotators.  
 

Table 1: Spin rotator parameters. 

Parameter rot1 rot2 

Field integral range�[Tm] 2 – 40 0 – 127 
Solenoid length 
 (at 7 T max field)� 5.7 18.1 

Bending angle from  
the IP [mrad] 92 =ψ1+ψ2 46 = ψ2 

Location in the RHIC tunnel D9 – D10 D6 – Q8 
 

 
Figure 4: Solenoidal field integral of 1st and 2nd rotators. 

Each of the spin rotators, rot1-4, includes two solenoids  
and several quadrupole and skew quadrupole magnets to 
compensate for betatron coupling and vertical dispersion, 
as well as to satisfy, when required, the spin matching 
conditions. The optics of the rotator insertion on one side 
of the IR is shown in Figure 5. The set of beta-functions 
describing this coupled case is given in Mais-Ripken 
parameterization [9]. Betatron coupling functions and 
vertical dispersion excursions are limited to the rotator 
insertions. 

Maximum*achieved*polariza(on*in*
electron*rings*

Spin-polarized charged particle beams 2243

Figure 68. Polarization level at LEP after compensation of the spin rotations in the detector
solenoids (procedure SOLSPIN) and harmonic spin matching (HSM). Courtesy of Wenninger
(private communication) and CERN.

Figure 69. The maximum attained asymptotic polarization levels at different high-energy
e+e− storage rings, with and without harmonic spin matching. Courtesy of Wenninger (private
communication) and CERN.

31.8. Maximum attained polarization

We remarked earlier, in section 28, that the maximum achievable radiative polarization in a
storage ring roughly follows the rule

P ≃ PST

1 + (αE)2
. (31.7)

This formula assumes first-order perturbation theory in the orbital amplitudes, and that
the major perturbation is due to motion in the quadrupoles, but we have seen that these
are reasonable approximations, even for LEP at 45.6 GeV. A comparison of the maximum
measured transverse polarizations in various storage rings is shown in figure 69. As can also

Schematic	rotator	arrangement
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Spin Rotators 
•  Spin rotators provide the 

longitudinal polarization over 
entire energy range (5-18 GeV) 

•  A HERA-type rotator (based on 
sequence of vertical and 
horizontal bend) creates meter 
scale orbit excursion at lower 
energies 

 
•  The scheme based on 

interleaved solenoidal and dipole 
magnets was chosen 

•  Each solenoidal insertion has 
betatron coupling locally 
compensated 
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Spin Rotator Fields 
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successfully used for polarized protons in RHIC [27, 28]. A helical magnet design leads
to smaller orbit excursion compared with a design based on regular dipoles. The eRHIC
electron spin rotators must operate over a large energy range, from 5 GeV to 18 GeV. Since
the orbit excursion in the dipole magnets (either regular or helical) scales inversely with
the beam energy, a HERA-type rotator leads to 1 m orbit excursions of 5 GeV electrons [29].
Furthermore, the synchrotron radiation power per meter produced by 18 GeV eRHIC elec-
trons is considerably larger than that generated by the 27 GeV electrons in HERA, due
to the much larger electron current. Reducing the linear power load requires further in-
creasing the rotator length and, correspondingly, the orbit excursion. Therefore, the most
practical solution consists of a spin rotator based on strong solenoid magnets. Solenoidal
Siberian snakes have been used in electron accelerators operating in the 0.5 GeV to 1 GeV
range [30].

The spin rotators for electrons are based on interleaved solenoids and bending magnets.
Figure 1.6 depicts a schematic of the locations of all components around the interaction
region. Light green boxes represent solenoidal magnets of the spin rotators. Blue lines
and blue boxes are normal quadrupoles and dipole bending magnets, respectively. Each
of the long and short solenoid modules contains a solenoid (split into two half-sections),
and seven normal quadrupoles that compensate the impact of the strong solenoidal fields
on beam optics and transverse coupling and are required to satisfy the spin matching con-
ditions. The lengths of the solenoids are chosen such that the maximum magnetic field
required is 7 T. The settings for the magnetic fields of the solenoids to achieve longitudi-
nal polarization of the electron beam depend on the beam energy. Optimization of the
solenoidal spin integrals led to the parameters listed in Table 1.5.

The optics functions through the IR are shown in Figure 1.8. The set of b-functions describ-
ing this coupled case is given in Mais-Ripken parameterization [31]. Betatron coupling
functions are limited to the rotator insertions, which are also made dispersion-free.

Table 1.5: Spin rotator parameters.

Parameter Short solenoid module Long solenoid module

Field integral range [T · m] 20-34 4-122
Solenoid length [m] 5.4 18.
Solenoid spin rotation angle at 18 GeV 32� 116�

Location in the RHIC tunnel RHIC dipole 9-10 RHIC dipole 6-8
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IR Straight Section 
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•  Electron IR magnets, 
including low-beta IR quads 
and rear side chicane  

•  Dispersion suppressor 
ensures no dispersion in 
the solenoidal insertion 
areas  

 
•  Spin rotator solenoidal 

insertions with locally 
compensated betatron 
coupling and special optics 
conditions for spin matching 

The	pCDR	electron		lattice.	
Note	that	newer	IR	design	with	considerably	
reduced	values	of	beta-max	will	be	presented	
in	the	IR	design	session.	

©S.Tepikian	



Chromaticity Correction and DA 
•  Arc sextupoles are used to 

correct chromatic beta-beat and 
non-linear chromaticity produced 
at the IR, at the same minimizing 
resonance driving terms 
Each arc cell has one horizontal and 
one vertical sextupole. 

•  Chromaticity correction scheme 
depends on cell phase advance 

•  For 60 degree lattice a  scheme 
with 36 sextupole families (3 h and 
3 v families per sextant) is used: 

•  20 sigma dynamic aperture 
•  0.8% momentum aperture 

•  For 90 degree lattice a scheme with 
2h/2v sextupole families per sextant 
is being explored. Studies on-going. 
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Figure 1.14: Frequency map of dynamic aperture in the the x � Dp/p-plane.

during the design of NSLS-II. The code has evolved to simulate both single bunch and
coupled bunch instabilities by tracking of order 5 bunches and assuming a uniform fill.
This allows one to use a few times 105 simulation particles per bunch when doing coupled
bunch calculations.

Table 1.8: Electron Beam Parameters for |Z/n| = 0.1W. A uniform fill of 720 bunches was
assumed for coupled bunch effects.

Parameter 5 GeV 10 GeV 18 GeV

RF voltage (h = 7200) [MV] 20 20 62
RF voltage (h = 3 ⇤ 7200) [MV] 6.6 6.4 0
gT 31 31 41
Vsynch [MV] 1.3 5.0 38
Ne [1010] 31 31 6.3
s(p)/p (Z/n=0) [10�4] 8.2 5.5 10
s(p)/p (Z/n=0.1) [10�4] 8.6 6.4 10
ss (Z/n =0.1) [mm] 22.5 23 8.8

Simulations were done for 5, 10, and 18 GeV, and the results are summarized in Tables 1.8
and 1.9. The code tracks the longitudinal and a single transverse dimension. The calcu-
lation included the short range resistive wall wake, coherent synchrotron radiation, and
the impedances listed in Table 1.9. The longitudinal broad band impedance corresponds

36 CHAPTER 1. ERHIC OVERVIEW

Figure 1.13: Frequency map of dynamic aperture in the the x-y plane. The axis is plotted
in units of RMS beam size at the starting point. The color scale (shown on the right hand
side) indicates the logarithm of tune fluctuations which are a measure for the stability of the
motion.

However, there is no control over the phase of that b-beat. For this reason, the phase of the
beat which comes from the IR needs to arrive with the correct phase at the first sextupole
in the regular arc.

The betatron phase needs to be optimized between the six arcs in order to enable all sex-
tupoles for correction of second order chromaticity. Alternatively, one can arrange that
the first arc corrects only the cosine-like part of the b-beat and the next arc which would
be spaced by a horizontal and vertical betatron phase difference from the first arc of
(2k + 1)p/4 (k integer) to correct the sine-like component of the b-beat (phase referring
always to the first regular sextupole in the arc adjacent to the IR). The 18 GeV lattice is not
fully optimized yet and is not further discussed. In case of unexpected difficulties, it will
be possible to run with a 60� lattice at this energy which would result in some luminosity
loss.

Collective Effects in the eRHIC Electron Storage Ring

We have considered coherent instabilities, intrabeam scattering, and Touschek scattering.
Intrabeam scattering times in the electron storage ring are of order minutes, much longer
than the 50 ms radiation damping times. Touschek lifetimes are hours—much longer than
the bunch replacement time, based on polarization loss. Coherent instabilities in the elec-
tron ring have been studied using a modified version of TRANFT [37], which was used

The	stability	areas	for	60	degree	lattice,	
as	characterized	by	betatron	tune	diffusion	
	index	of	Frequency	Map	Analysis	
	 dQ = 1

2
log ΔQx

2 +ΔQy
2( )

Qx	=	51.08	
Qy	=	48.06	



Beam and Polarization Lifetime 
•  80-85% polarized electron 

bunches are delivered by the 
RCS injector 

•  Fill pattern, required by 
experiments, uses bunches with 
opposite polarization 

•  The bunch polarization, initially 
oriented along the magnetic 
field, will deteriorate with time 
due to the Sokolov-Ternov 
effect.  

•  Beam lifetime defined by 
Touschek and Beam-gas 
scatterings is considerably 
longer at all energies than the 
polarization lifetime 

•  Calls for swap-out injection 
scheme to maintain high 
polarization  
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Figure 1.12: Sokolov-Ternov electron spin polarization time as a function of electron beam
energy. The depolarization for spin parallel to the magnetic guide field due to the Sokolov-
Ternov effect becomes important for beam energies well above 10 GeV. At 18 GeV, electron
bunches with polarization in the direction of the guide field have to be replaced every
six min.

Electron Spin Polarization in the Storage Ring

The collision of longitudinally polarized electrons and ions is a key requirement of the
electron-ion collider, and a large effort has been undertaken to ensure good polariza-
tion of the electron beam during collision operation. The evolution of beam polariza-
tion in electron storage rings is defined by two processes related to synchrotron radiation,
namely Sokolov-Ternov self-polarization and depolarization caused by synchrotron radi-
ation quantum emission. The self-polarization process leads to a slow buildup of electron
polarization in the direction opposite to the vertical guiding field, up to a maximum level
of 92.4% in an accelerator without spin rotators and with sufficiently weak spin resonances.
However, the presence of spin rotators, super-bends, and strong spin resonances reduces
the equilibrium polarization level. An important quantity is also the self-polarization time,
which has a strong dependence on the beam energy. The self-polarization time as a func-
tion of beam energy for an eRHIC storage ring placed in the present RHIC tunnel is shown
in Figure 1.12. The calculation takes into account the split dipole structure which enhances
the synchrotron radiation at energies below 10 GeV. Nevertheless the self-polarization time
is quite long over the entire energy range, except approaching 18 GeV where it drops to
about 30 minutes. This demands a full energy polarized electron injector, so that the elec-
tron beam is injected into the storage ring with high polarization (⇡ 85%). One benefit of
the long self-polarization time is that spin patterns containing bunches of opposite polar-
ization orientation can be efficiently used.

The HERA collider had a successful electron spin program with an electron energy of

Beam-gas	lifetime	(at	10-8	Torr):		~20-30h	
Touschek	lifetime	(0.8%	momentum	aperture):	
from	14.5h	(5	GeV)	to		200h	(18	GeV)	
	

Depolarization	time		
(due	to		Sokolov-Ternov	effect	only)	



Injection Parameters vs Energy 

12 

Parameter	 Operation	without	cooling	 Operation	with	cooling	

Energy	[GeV]	 5	 10	 18	 5	 10	 18	

Bunch	Charge	from	RCS	[nC]	 10	 10	 10	 5	 5	 10	

Bunch	Charge	in	Storage	Ring	[nC]	 50	 50	 10	 25	 25	 10	

Number	of	Accumulations	per	
bunch	 5	 5	 5	 5	 5	 1	

Number	of	Bunches	in	Storage	Ring	 660	 660	 330	 1320	 1320	 330	

Injection	Rate	[sec-1]	 1	 1	 1	 1	 1	 1	

Bunch	Replacement	Time	[min]	 55	 55	 5.5	 110	 110	 5.5	



Swap-out Injection Scheme 

13 

50 CHAPTER 1. ERHIC OVERVIEW

Figure 1.18: Electron injection and extraction scheme, based on two slow 180� kicker bumps,
one for extraction (right-hand side) and one for injection (left-hand side) which bring the
stored beam within three horizontal RMS beam sizes (sRMS =

p
exbx + D2

xs2
e ) to the injec-

tion and extraction septum, respectively. The bumps rise in 13 µsec (one turn around the
accelerator) and return to zero during the following 13 µsec. The dispersion at the injection
septum is non-zero. The beam to be injected has a slightly different energy than the stored
beam and the distance between the center of the stored beam and the beam to be injected
equals the dispersion times the relative energy difference between stored and injected beam.
This way the beam is injected in the center of horizontal phase space but off-center in the
longitudinal phase space. For extraction, a fast kick is required on top of the slow bump to
kick the beam into the extraction septum.

ware of the new additional electron rings is based on well known accelerator technologies
such as room temperature magnets and magnet power supplies. Established electron beam
instrumentation technology can be carried over to eRHIC as well. Innovation is limited to
critical systems such as RF systems, vacuum systems and IR magnets. Only these critical
subsystems will be described in the following sections.

The total power consumption of the the electron storage ring magnet system is a signifi-
cant fraction of the increased operational power needs for eRHIC as compared to RHIC.
Figure 1.19 shows the power consumption of eRHIC magnet systems.

Hadron RF Systems

The largest modification concerns the RF system. The hadron bunches from AGS with a
bucket area of 1.6 eV sec will be received by the existing 28 MHz RF system which will also
be used to accelerate the beam to full energy. The existing 197 MHz system is no longer
needed. For maximum luminosity operation, each hadron bunch will be adiabatically split
into four bunches by a two-stage beam splitting scheme. This requires two new 112.6 MHz

•  Swap-Out Injection scheme is realized at IR12 straight section. 
•  Slow injection/extraction bumps have half-sine time of 26 µs. 
•  Extraction is done using fast transverse kicker with less than 7 ns 

rise/fall times. 
•  Injection is done in the longitudinal plane, in order to avoid the 

detrimental effect on hadrons due to beam-beam  interactions.  
The synchrotron phase space injection was used in LEP. 

dEinj/E0	=	0.8-1%	
Dinj=1.7m	



Superconducting RF System 
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²  Single	2-cell	563	MHz	SRF	cavity	per	
cryomodule	

²  V		=	8	MV/cavity	
²  2x	500	kW	adjustable	fundamental	

power	coupler.	
²  4x	SiC	Beamline	HOM	Absorbers	(BLAs)		
²  12	cryomodules	in	total		
²  The	power	source:	IOT	

Both	cavity	systems	operate	at	2	K	

²  Provides	bunch	lengthening	for	beam	
stability	and	reduced	HOMs	

²  Single	1-cell	1689	MHz	SRF	cavity	per	
cryomodule	

²  V	=	1.9	MV/cavity	
²  Tunable	FPC	
²  2x	SiC	Beamline	HOM	Absorbers	(BLAs).		
²  4	cryomodules	in	total		

563	MHz	cavity	cryomodule	

3rd	harmonic	cavity	cryomodule	
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(a) Higher order harmonics of the D1/D3 mag-
net

(b) Integrated dipole field D1/D3 magnet

Figure 6.62: Higher order harmonics and integrated vertical magnetic field on the center
plane for the D1/D3 magnet.

(a) 3D Geometry D2 dipole magnet (b) Pole end geometry of the D2 magnet

Figure 6.63: 3D Geometry and end pole design of the D2 magnet.

The 3D geometry of the D2 magnet is shown in Fig. 6.63. The magnet ends utilize the
Rogowski-profile; in addition, the pole is notched. The depth of the notch in combination
with the transverse position allows to control the sextupole and quadrupole component of
the ends, respectively. The notch shown in the Figure is 1 mm deep and shifted by 2 mm
from the center towards the backyoke of the magnet.

Due to the Rogowski end-profile the saturation in the magnet ends does not exceed 1.5 �
1.6 T as shown in Fig. 6.64. Figure 6.65 shows the higher order harmonics at a radius of
17 mm and the integrated vertical magnetic field on the center plane for the D2 magnet.

As shown in the Figure, the highest order multipole is a weak quadrupole component (1
unit); other higher order units are not significant and decay quickly. The good field region
extends to about ±20 mm and deteriorates slowly beyond this.

v  Design	of	all	storage	ring	magnets	has	
been	developed	satisfying	field	strength	
and	field	tolerance	requirements.	

	
	

Design of Vacuum system and Magnets  
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v  Vacuum	chamber	from	CuCrZr	Alloy	
Good	thermal	and	mechanical		properties,	

					Easily	available	at	reasonable	price	
v  Pumping	based	on	integrated	NEG	Pumps	
v  Thermal	SR	Power	Load	–	OK	

Maximum	temperature	173°C	well	below	yield	
strength	limit	
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Table 6.22: Specification arc quadrupole magnets.

Parameter QF QD

Count 253 241
Magnetic length [m] 0.6 0.6
Gradient [T/m] 18.1 -18.4
Radius good field [m] 0.015 0.015
Required field quality 1 ⇥ 10�4 1 ⇥ 10�4

Physical width [m] 0.42 0.42
Physical height [m] 0.42 0.42
Weight iron [kg/m] 784 784
Pole inscribed radius [mm] 37 37

Fig. 6.66 shows a cross-section of the quadrupole magnet design. The pole is modestly
tapered which helps to decrease the magnetization; the pole itself is generally hyperbolic
with chamfers at the corners in order to achieve the required field quality. The excitation
coil is given as much space as possible which limits the power dissipation. The figure also
shows the geometry of a possible beam-pipe, which clears the pole comfortably.
COMSOL 5.3.0.316

(a) Geometry of the arc quadrupole magnet (b) Magnetization

Figure 6.66: Geometry (a) and magnetization (b) of the arc quadrupole magnet.

The yoke is designed to have a magnetization around 1.4 T at peak excitation. The max-
imum pole tip field is about 0.8 T. Fig. 6.67 shows the gradient and expected gradient
quality (2D). As shown in the Figure, the design can provide the required gradient as well
as gradient quality.

The higher order harmonics for an inscribed radius of 15 mm are shown in Fig. 6.68; the

Qf,Qd			18.4	T/m	

D2,	0.7	T	



Summary 
•  eRHIC Electron Storage Ring design has been developed, which 

provides electron beam parameters required for high luminosity of the 
collider over all energy range (5-18 GeV). 

•  The superbend dipole magnets are employed to enhance the damping 
decrements at lower electron energies (5-10 GeV). 

•  Different cell phase advance (60 and 90 degree) together with 
superbends allow to achieve required emittance values. 

•  Spin rotator design is based on combination of solenoidal and dipole 
magnets. The rotator optics ensure the spin matching conditions and 
betatron coupling compensation. 

•  Chromaticity correction employs different sextupole powering scheme 
for 60 and 90 lattice. Acceptable DA has been demonstrated for 60 
degree lattice. The work in progress on 90 degree lattice. 

•  Swap-out injection scheme is used to maintain high electron 
polarizaton. The injection is done in synchrotron phase space to prevent 
the injection impact on the beam collision and detector backgrounds. 

•  Initial design of all storage ring accelerator systems has been 
developed, allowing for reliable cost estimate. 
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