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http://www.eic.bnl.gov/taskforce.html
http://www.bnl.gov/cad/eRhic/

Conclusions first

- Collider beam physics laws assert that with any given beam and IR
parameters, a linac-ring collider outperforms a ring-ring collider

- We developed detailed technical design and cost estimate for the
first stage of eRHIC, called MeRHIC

- We developed a clear staged pass toward full energy high
luminosity eRHIC, based on the experience from hadron and
lepton-hadron colliders

- eRHIC R&D is focused on:

(a) Single cathode and Gatling polarized electron guns
(b) Compact SRF linacs with HOM damping

(c) Multi-pass high average current ERLs

(e) Small gap magnets and vacuum chambers

(f) Coherent electron cooling
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We prepared for fomorrow following topics
on MeRHIC design

* MeRHIC design IVadim Ptitsyn
+ Beam dynamics [Yue Hao

 Engineering challenges and solutions DAndrew Burrill
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Content 5

What is eRHIC

eRHIC staging

MeRHIC design

IP developments

R&D program for eRHIC
Costs
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eRHIC Scope -QCD Factory

RHIC

| Polarized protons
-5¢ 50-250 (325) GeV

Electron accelerator ,

)

Unpolarized and

polarized leptons

4-20 (30) Gev | © ’_’*‘_ ‘
1@

70% beam polarization goal t Polarized light ions
Positrons at low intensities \ (He?®) 215 GeV/u

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

Center mass energy range: 15-200 GeV

eA program for eRHIC needs as high as possible energies of electron beams
even with a trade-off for the luminosity: 20 GeV is absolutely essential and 30

GeV is strongly desirable

BROOKHFVEN
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2007 Choosing the focus:
ERL or ring for electrons?

» Two main design options for eRHIC:

- Ring_ring; - Electron storage ring

_| A7, L @
L_[ W J(éhée)(ahae)f

- Linac-rina: = Electron linear accelerator
9 L x 10
i
L=y,f N,

G
,BZ”h Natural staging strategy
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2008: Staging of eRHIC

* MeRHIC: Medium Energy eRHIC
— Both Accelerator and Detector are located at IP2 of RHIC
— 4 GeV e x 250 GeV p (63 eV cm.), L ~ 1032-1033 cm2 sec -
— 90% of hardware will be used for HE eRHIC

« eRHIC, High energy and luminosity phase, inside RHIC tunnel

Full energy, nominal luminosity
— Polarized 20 GeV e x 325 GeV p (160 6eV c.m), L ~ 1033-1034 cm2 sec -
— 30 GeV e x 120 GeV/n Au (120 6eV c.m.), ~1/5 of full luminosity

— and 20 GeV e x 120 GeV/n Au (120 Gev cm.), full liminosity

« eRHIC up-grades - if needed

— Higher luminosity

— Higher hadron energy

BROOKHFAEN
NATIONAL LABORATORY V.N. Litvinenko, EIC AC meeting, TINAF, November 2-3, 2009




Staging of eRHIC:
Re-use, Beams and Energetics

«  MeRHIC: Medium Energy electron-Ion Collider

— >90% of ERL hardware will be use for full energy eRHIC

operation

« eRHIC - High energy and luminosity phase

Based on present RHIC beam intensities

With coherent electron cooling requirements on the electron beam current is 50 mA
20 GeV, 50 mA electron beam losses 4 MW total for synchrotron radiation.

30 GeV, 10 mA electron beam loses 4 MW for synchrotron radiation

Power density is <2 kW/meter and is well within B-factory limits (8 kW/m)

« eRHIC upgrade(s) if needed

NATIONAL LABORATORY

V.N. Litvinenko, EIC AC meeting, TTINAF, November 2-3, 2009



4 GeV e x 250 GeV p - 100 GeV/u Au 10
MeRHIC

2 x 60 m SRF linac
3 passes, 1.3 GeV/pass

Polarized
e-gun

y 7l
3 pass 4 GeV ERL
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10 t0 20 GeV e x 325 GeV p - 130 GeV/u Au 1

eRHIC
2 x 200 m SRF linac
% 4 (5) GeV per pass
5 (4) passes
eRHIC \ Polarized
detector e-gun

Possibility
of 30 GeV
low current
operation
4 to 5 vertically
STAR sep.ar'a‘red.
recirculating
—_— passes |
BROGKHH"E“ ce O ear P, Sicy
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Select|rg
goals

Possible layout in RHIC IP s
of CeC driven by a single linac - |
to boost polarized pp- luminosity

Kicker for Yellow Kicker for Blue
< B FEL for Yellow T —
_— \ [ ] / - < -
= _— — =
FEL for Blue
Modulator for Blue Modulator for Yellow
Beam dump 1 Beam dump 2

ERL dual-way electron linac
2 Standard MeRHIC modules

— —
—_—> —
Gun 2 Gun1
E,. GeV y E. MeV
100 106.58 54.46
250 266.45 136.15
325 346.38 177.00
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MeRHIC with 4 6eV ERL at 2 o'clock IR of RHIC

M s -~
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MeRHIC in IR 2: 3D layout

= =EE =g .

© J.C.Brutus, J. Tuozzolo, D. Trbojevic,
G. Mahler, B. Parker, W. Meng
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Myriad of beam dynamics issues were studied for MeRHIC 15

No show-stoppers |

Majority of these findings were reported at MAC meeting in March 2009
Main finding - we could operate main SRF linacs without 3r¢ harmonics

Linac design with const. grad quads (current baseline)

Cavity: 703.75 MHz. 1.6 m with dampers rancs aradiant muade: 1=30 cm  Eo100 Gfcm
Linac 1

Unac2 - )
‘-\—‘H#HP—%—‘,—FH%% * Bunch: Q,=5nC, o,=2mm
1 e w"""‘”ﬂwﬂ”‘. * Eyy/Ep = 100MeV / 4GeV
E :: ] | ‘ * 3 acc./decel. passes
sl )\/\ I “ ‘ / / * N cavities = 72 (total)
& \ \) ‘\) n J 11\ + Lmodule/period = 9.6 / 11.1m

* E;=18.0 MeV/cav
* (dE/ds)~ 10 MeV/m

L 100MoY w—d 4GAV w—id 100MaY |

Scaled gradient solution

v = .68 MV o b

Scaling gradient with energy
produces more focusing and

N ST increases BBU threshold
G ™ 100 G/cm ‘ Grmax ™ 500 G/cm

HHA

30489 1402009 004643

B (). ()

Scaled linac is work in progress

* Touschek
— Total loss beyond +6 MeV is 200 pA.
— Small but, maybe, not negligible. We will lock more carefully.
* Scattering on residual gas (elastic)
— Total loss beyond 1 cm aperture at 100 MeV is 1 pA
— Negligible
Bremsstrahlung on residual gas
— Total loss beyond 6 MeV is < 0.1 pA
— Negligible

Energy spread and its compensation

ot
|| e Energy spread vs Arc# ’
RF 0.17% /
i
Cavity Wakes 8.9 " o
.
Synch. Rad. [4=rms) 135 e
Resistive Wall 0.45 ’
csh >0.001 L S S S

e e
100 MeV: 9 MeV -> 2 MeV
e 200 MeV: 9 MeV -> 3 MeV
Beam-Beam: kink instability
Without Landau damping, the beam parameters are above the threshold of

kink instability for proton beam. Proper energy spread and chromaticity is
needed to suppress the emittance growth,

To avoid strong head-tail instability: ~ +-5=0¢

P
q,
i <1 3.5a-08
8v, ]
H
o NNrro i
a- - T 3 28000
2f,f. 20L0%y,y H
z = H
e
Not Cooled MEelC case § roeo
aﬂ & 1e-08
——=~25
v 5000
s
Chromaticity of 1 and dE/E of 5e-4 Co zem e bews  tewm Lot
Suppress the instability Turne

(Yue Hao)
3/20/09 € Pozdeyey, MAC 10
EHTIGY IV @I 13 CWTTIESTSa T
+ Total energy loss: 15.5 MeV
— Linac cavities: 6.5 MeV
(0.54 MeV/linac)
— Synch. radiation: 8.8 MeV
— RW: 0.15 MeV, CSR: negligible
+ Total power loss: 765 kW
*  Energy difference in arcs (max)
— Before compensation: 2%
~ After compensation: 0.06%

wiewmmcwra VN, Litvinenko, ELC AC meeting, TINAF, November 2-3¢

Transverse emittance growth

Synchrotron Radiation in Arcs

S5rhe s b
48(’“27 'r ds 120

gf
“H function of 3.35 GeV arc is used Ll
“H function and bending radius assumed § .
the same for all arc

Normalized emittance after Arcs vs. Arc #

Emittance at IP

ok

Transverse breakup due to short range wakes (“banana” effect):
Work in progress

Beam-Beam: electron beam disruption

Emittance ¢rmm|| in collision Power loss if beam is not re-matched
0.00016 (Beer-can and Gaussian cut at 4a)
5 I
I osw
g 2.50-08
i ona .
. o
i . .

) o
%5 04030204 0 610203 04 0.5
Longitudinal Fosition tal

. h of .m.s. is small. | , i h is large.
. Re—mau:lnng section mlghl be requlred
* Re-m
elect Summary and plans
3/24/09

* Main Linac design has been developed
— Constant gradient: weak identical quads, similar arcs, sufficiently high
BBU threshold (250 mA)

— Scaled gradient: higher BBU threshold (900 mA)
* Beam physics: no show stoppers so far
* Things to do:
— Continue work on compact HOM dampers
— Explore other energy spread suppression techniques (Cornell?)
— “Banana effect” (transverse BBU due to short range wakes)
— lons and ion clearing (electrodes?)
— Requirements on noise in electron beam with realistic spectrum
— Analysis of optics errors and nonlinearities is in progress
* Improve accuracy of estimates, simulations. RS
. :&i)mennl studies, if possible (BNL ERL, BNL ATF, JLab FEL,

£ Pozdeyey, MAX 2 19
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ERL spin transparency at all energies

Bargman, Mitchel, Telegdi equation Ay,

ds e . g 1|z vy (g jA A = (g y } . -
—= 2—1+—|B——|=2-1 B} =2——— E
dt mcSXMZ +7/j y+1\2 'B('B } 2 y+1 IZBX ]
a=g/2—-1= 1.1596521884 -10
e E 1P
§=(1+a)—§; V. =a-y= g
m 0.44065[GeV]

Compton
polarimeter

Ap=a- y0
Total angle@=7m- (y.(2n —1)+ n(Ay, - n+ Ay, (n—1))

AE1, AE2 for spin transparency

2.5
Has solution| 7 +2- (A + Ay,) = 7, n=2
for all 2
energies! a-(y,2n—=D+n(Ay,-n+Ay,(n-1)) =N . -
1.5 AE,, GeV -
O
AY2 ":1;
‘ } i -« w1
Gun - 0 5 6 7 8 9 10
A'Yl Energy in the IP, GeV
BROOKHEVEN

NATIONAL LABORATORY V.N. Litvinenko, EIC AC meeting, TINAF, November 2-3, 2009



Methods and solutions: asynchronous arcs 17

Goals:
-Have a good packing factor
- ac=0 or Ms546=0
- small dispersion
- small betatron functions
- reduce cost of civil construction

Medium Energy electron lon Collider (MEeIC)
Normalized Dispersion in the Arc Cell

B<1.8T °

1.50

4 GeV Arcs with the Flexible Momentum Compaction Lattice b //

5 I 5 T awha Dispersion function oscillates
between £1.8 m and the
momentum compaction is

adjustable:

a:Cl‘O _[l;dszo

Trbojevic: EPAC 1990, pp. 1536

"Design Method for High energy Accelerators without Transition Enec

BROOKHFVEN
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100 MeV Pre Accelerator ERL

10 MeV Injector
I1m

n

90 MeV Linac
11m

(Gélgl'ggoekg/) 10 MeV Booster Linac

from MeRFI C

10 MeV x 50 mA
0.5 MW Beam Dump

combiner

to MeRHIC vertical

#

_E%E A %4, 27 4GeV —44
) 3

Om

v

Injector Parameters

Polarized Gun (200kV)
Cathode GaAs,

Laser 780nm

Emax= 10 MeV

Iavr =50 mA,

Q per bunch =5nC

Pre-accelerator ERL:

One pass

Energy gain 90 MeV
Einj & Eextr=10 MeV
Emax =100 MeV

NATIONAL LABORATORY

D. Kayran

eBeam parameters .

E=100 MeV

Tavr=50 mA

Ipeak=500 A

Reprate = 9.8 MHz
Emittance =70 mm-mrad
Banchlength = 3 mm
dE/E = 1E-3

V.N. Litvinenko, EIC AC meeting, TTINAF, November 2-3, 2009




Gatling 6un™

) the Gatling gun is the first successful machine gun, invented by Dr. Richard Jordan Gatling.

leiutineliSoleneids Dogleg funneling system is spin transparent

Rotating field kicker

Cathodes
V acc =
Parameter Value
el ERRpas Laser longitudinal Gaussian

distribution

~ 50 mA from injector is needed. Bunch length at cathode 0.5nS [FWHM]

State of the art electron polarized source is 1

mA. Laser transverse Uniform
distribution

The multi cathode to reduce load on a single Laser spot diameter 8mm

cathode can be used
Bunch charge 5nC
Accelerating voltage 200kV
Cathode-anode gap 3cm
Integrated solenoid field | 2.1kG-cm

NATIONAL LABORATORY




Polarized e-beam injector

Meeic electron injector design

Xiangyun Chang, llan Ben-Zvi, Yue Hao, Jorg Kewisch, Vladimir Litvinenko,
Eduard Pozdeyev, Vadim Ptitsyn, Gang Wang, et al.

Injector layout Envelope vs. Z

¥ v5 distance

Multiple 10.060 : : , r
cathodes Combiner  Solenoids Ballistic Booster linac
gun compression
I T - - — -
==}-a = e : . - | |
1 = -] [} .
T i o
| / Lr \ 0. I m ; i m i i i |
Spin rotator  Chirping 3 harmonic | .......
cavity ; o -
cavity 5000 b e+ e s _ ) . |
Voltage: 200kV
Laser parameters: transverse uniform with Ryx=4mm

| | | |
longitudinal Gaussian with 6, =250ps (FWHM=500ps) L 1 Bl 1 1) 1 P 1 1 11 10 G111 et 1 )
Bunch charge = 5nC/bunch
Chirping cavity & Booster linac frequency: 112MHz
E y after booster linac: 10MeV

s AR/ et et e Emittance Longitudinal phase space
7 B¢ =n. i
Individual Solenoids & /-‘ /.‘— e -

; A ) ~ :

E . - P

E ——emit-x 0o 504 s

8 . emity]

i / e S a ] e e g O

| g 2 Before chirping cav. After chirping cav. Aiter 3¢ harmonic cav
E=200keV E=790keV E=630keV
1 o m.
Cathodes 1. Bunch length is 2.8mm
0 o , = including all the particles.
o 200 400 600 800 1000 1200
Ztemd g . 2. Dropping off small amount
of the “bad” particles the
Individual short pipes =0 bunch length will be even
Emittance-X: 60mm.mr These emittances can be easily e i i i smaller. So do the
n B0 500,84, = I i
Emittance-Y: S4mm.mr reduced to below 50mm.mr! Before Lingc. E_630keV Lo e transverse emiltances.

After linac. E=10MeV

BROOKHFVEN
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703.75 MHz
1.6 m long

Current breakdown of the linac
N cavities = 6 (per module)
N modules per linac = 6
N linacs = 2
L module = 9.6m
L period = 10.6 m
E; = 18.0 MeV/m
(dE/ds) = 10.2 MeV/m

NATIONAL LABORATORY

t

Drift
1.5 m long

V.N. Litvinenko, EIC AC meeting, TTINAF, November 2-3, 2009

65m total linac length
All cold: no warm-to-cold transition

Based on BNL SRF

100 MeV

21

cavity with fully suppressed HOMs

Critical for high current multi-pass ERL

» 4 GeV

()
I. Ben Zvi

» 100 MeV

80 erhic MAD-X 3.04.69 15/02/09 16.16.53
g : if
=70, 4
; 60.4 || I‘.
I |
[ I
50. 1 { | | {1
| : | | |
40. |
| . I
30. 4 | | |4 V4 y |
[ i
|
20. 4 | ¥ |
w.§ E.Pozdeyev
0.0 : : : — - .
0.0 100, 200. 300. 400. 500. 600. 700. 800.
s(m)




cavity

TBBU STGb'hTy (®E. Pozdeyev)

* HOMs based on R. Calaga's
simulations/measurements
+ 70 dipole HOM's to 2.7 GHz in each

* Polarization either O or 90°

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

o Lo Lo | oo

0.8892
0.8916
1.7773
1.7774
1.7827
1.7828
1.7847
1.7848

NATIONAL LABORATORY

57.2
57.2
3.4
3.4
1.7
1.7
5.1
5.1

750
7084
7167
9899
8967
4200
4200

3.4e4
4.3e4
2.4e4
2.4e4
1.7e4
1.5e4
2.1e4
2.1e4

22

Simulated BBV
threshold (6BBU)
vs. HOM frequency

spread.

mll ml2 0
commmg
1.4
i [ | Const, dF/F=0
- ® Const, dF/F=5e-4
1.2 * Const, dF/F=1e-3 A
I A Scaled, dF/F=5e-4 4
1|k &
< | /)
= |
208 s
2 Threshold significantly exceeds the beam current,
0.6 | especially for the scaled gradient solution.
H06 ¢
2 |
@
0.4 - ’
0.2fm
: 50 mA
'U 1 | L | ! . 1 . | | 1
0 0.0002 0.0004 0. oooa 0.0008 0.001

HOM frequency spread (dF/F)
V.N. Litvinenko, EIC AC meeting, TTINAF, November 2-3, 2009
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eRHIC IR developments

« eRHIC IR lattice is design in direct communication with EIC task-force and with
inputs from EIC collaboration

*  Main boundary conditions on present IR designs - our main priority

— There should be no magnetic elements (except dipole magnets used for EIC
physics!l) of both electron and hadron accelerators

— One of the golden measurements (diffraction) required
A) very strong dipole next to the IP
B) very long element-free straight sections for excellent energy resolution

C) no - zilch! - hard X-rays in the defector

— No - Zilch! - hard X-ray in the detector chamber

« This limits choice of B* to 40 cm without CeC and to 25 cm with CeC. We found
solutions to all existing demands. Focusing is not a problem in all this scenario
and excellent fits are found for all cases (Tepikian for RHIC, Trbojevic of ERL).

* Luminosity hungry experiments may require a dedicated IR, where accelerator
elements are integrated into a detector (aka BarBar)

« CeC can compress hadron bunch lengths to few cm and f* ~ 5 cm or even shorter

are possible in such IR - few possible scenarios are under consideration. This IR

can bring eRHIC luminosity well above 1034,
BROOKHFVEN
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Integrated IR design “
MeRHIC 4 GeV e x 250 GeV p/100 GeV Au

Remove DXes - 40 m to detect particles scattered at small angles

e Soft Soft ioge &
dipole ipole
/
— —> [
_ p, Au R
Solenoid, 4 T
<€ >
40 m . . .
To provide effective SR protection:
T -soft bend (~0.05T) is used for final bending of

electron beam

© J.Bebee-Wang_

il
REREENRS

T T
= Elactron 4GeV [
m— Blue 250GeV
Operatipnal proton Yellow 250Gev ||
= Blug  B0GeV
) 50 GeV —_—ellow B0GeV
= hard radiation [}
D 2 soft_radiation
2y = 201 . T YT
= 22
E =
18
2. s
—_ 14
B Solenoid / Dipol o 12
+= 10!
[ Hadronic Calorimeter g g
I
[Tl EM-Calorimeter NoAn
= 2z
B RICH o ¢
| T -21
W High Threshold Cerenkov :g:
> {0
hadron—heam lepton-beam [l DIRC 100 o
[ Tracking ] L
-16F
-18
Zap
© E. Aschenauer z
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Beam Disruption
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Suppression of kink instability

26
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The optimum chromaticity is around £ = +4  © Y. Hao

Recent studies proved our early assumption that using
simple feed-back on electron beam suppress kink instability
completely for all MeRHIC/eRHIC parameter ranges
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eRHIC parameters

MeRHIC eRHIC with CeC

p /A e p/A e
Energy, GeV 250/100 4 325/130 20
Number of bunches 111 105 nsec 166 74 nsec
Bunch intensity (u) , 10! 2.0 0.31 2.0 0.24
Bunch charge, nC 32 5 32 4
Beam current, mA 320 50 420 50
Nomzed smittoce 1e-6m |y | s | ae | a
Polarization, % 70 80 70 80
rms bunch length, cm 20 0.2 49 0.2
B*, cm 50 50 25 25
Luminosity, x 1033, cm-2s-! 0.1 -C> é with 28

e

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

V.N. Litvinenko, EIC AC meeting, TTINAF, November 2-3, 2009




Using only to of JLab assumptions for ELIC

micro-beta®, traveling RF focusing ,
on a paper, brings eRHIC luminosity

to 1.4 x 1035 cm-2 sec-!

N, N,
L=fc4ﬁ@é;

Reducing B* by a factor of 50

(from 25 cm to 0.5 cm)
boost luminosity by a factor of fifty

288 Q
- V.N. Litvinenko, EIC AC meeting, TTINAF, November 2-3, 2009



Parameters

eRHIC with CeC

p/ A e
Energy, GeV 325/ 130 20
Number of bunches 166
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 2.5
Polarization, % 70 80
rms bunch length, cm 4.9 0.2
B*, cm 0.5 5

Luminosity, x 103%, cm-2s-!

1.4

- V.N. Litvinenko, EIC AC meeting, TTINAF, November 2-3, 2009




Parameters

eRHIC with CeC

p/ A e
Energy, GeV 325/ 130 20
Number of bunches 166
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 4.9 0.2
B*, cm 25 25

Luminosity, x 103%, cm-2s-!

0.028

- V.N. Litvinenko, EIC AC meeting, TTINAF, November 2-3, 2009




eRHIC's assumptions

are based on beam optics for HE hadron colliders
such as RHIC, HERA, Tevatron, LHC

We have potential for future up-grades beyond
capabilities of present day colliders:
increase intensities of electron and proton
bunches about 2 fold, the rep-rate 2 fold and
reduce beta* 5 fold - total up to 20 fold
increase in luminosity.

- V.N. Litvinenko, EIC AC meeting, TTINAF, November 2-3, 2009
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Challenges and Advantages

*  Main Challenge - 50 mA polarized gun for e-p program
* Main advantage - RHIC

— Unique set of species from d to U

— The only high energy polarized proton collider

— Large size of RHIC tunnel (3.8 km)
* Main limitation

— Ion cloud limits the hadron beam intensity

BROOKHFAEN
NATIONAL LABORATORY V.N. Litvinenko, EIC AC meeting, TINAF, November 2-3, 2009




Main technical challenge is 50 mA 3
CW polarized gun: we are building it

Solenoids SPif\ rotator
cathodes ien) Booster linac

— Combiner. (112MHz)
| iy A

| O.%\f)]m 5 21'm
Based on W /-f'hq U2”4

cathodes

demonstrated
current
technology
developed at
JLab

NATIONAL LABORATORY

V.N. Litvinenko, EIC AC meeting, TTINAF, November 2-3, 2009

Single cathode DC gun

© E.Tsentalovich, MIT

. ce of Nuclear py, x
/C,



Coherent Electron Cooling (CeC) 34

At a half of plasma oscillation Dispersion
E-E,
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.
PRL 102, 114801 (2009) PHYSICAL REVIEW LETTERS 20 ARCH 2509
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Coherent Electron Cooling E — 2G }/
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Possible layout for Coherent Electron Cooling 35
proof-of-principle experiment in RHIC IR

19.6 m

A
v

DX Kicker, 3 m Wiggler 7m Modulator, 4 m DX

<«

Species in RHIC Au ions, 40 GeV/u

Electron energy 21.8 MeV
Charge per bunch 1nC
Train 5 bunches
Rep-rate 78.3 kHz
e-beam current 0.39 mA
e-beam power 8.5 kW

BROOKHFVEN
NATIONAL LABORATORY V.N. Litvinenko, EIC AC meeting, TINAF, November 2-3, 2009




eRHIC loop magnets:

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

245Ampere, Transverse scan at center of the
dipole

Gap 5 mm total
0.3.T for 30 GeV g

c
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* The ERL is in an advanced stage of construction
* Beam will be generated next year
* Major systems are coming on

BROOKH,

NATIONAL LAB

Status of the R&D ERL

R&D ERL

eRHIC New Cavity Design

New cavity design for
eRHIC

Reduce peak magnetic field.
Reduce stiffness.

Apply new ideas in HOM damping.
Reduce fundamental at HOM
couplers

Increase real-estate gradient

Development / measurement
program

£ ol F

10
20

© I. Ben Zvi

A Prototype eRHIC Cavity 38

SEET

1]
—+

* % Cell SRF injector

— Demountable cathode
stalk

— HTS Solenoid
* UHV load-lock cathode

* MW twin couplers

G5 Test: ®

First e-beam from gun through 5 cell cavity to beam dumpcI
jua

interchangeable
screen/slit

Q-
ERL quad lriplet_1 95 m

- BPMs @ - OTR/YaG screens - Steering dipoles

Rich program of tests:

Gun, photocathode,
emittance, halo, more...

To be followed up by full ERL
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Conclusions

- Collider beam physics laws assert that with any given beam and IR
parameters, a linac-ring collider outperforms a ring-ring collider

- We developed detailed technical design and cost estimate for the
first stage of eRHIC, called MeRHIC

- We developed a clear staged pass toward full energy high
luminosity eRHIC, based on the experience from hadron and
lepton-hadron colliders

- eRHIC R&D is focused on:

(a) Single cathode and Gatling polarized electron guns
(b) Compact SRF linacs with HOM damping

(c) Multi-pass high average current ERLs

(e) Small gap magnets and vacuum chambers

(f) Coherent electron cooling

BROOKHFVEN
NATIONAL LABORATORY V.N. Litvinenko, EIC AC meeting, TINAF, November 2-3, 2009
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We prepared for fomorrow following topics
on MeRHIC design

* MeRHIC design IVadim Ptitsyn
+ Beam dynamics [Yue Hao

 Engineering challenges and solutions DAndrew Burrill

BROOKHFAEN
NATIONAL LABORATORY V.N. Litvinenko, EIC AC meeting, TINAF, November 2-3, 2009
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Back-up

BROOKHFAEN
NATIONAL LABORATORY V.N. Litvinenko, EIC AC meeting, TINAF, November 2-3, 2009




CRHIC R&D (more in T.Roser's presentation)

NATIONAL LABORATORY

Polarized gun for e-p program

Development of compact recirculating loop magnets
R&D ERL

Compact eRHIC SRF with HOM damping

Coherent Electron Cooling including PoP

Polarized He3 source

Resources in FY 2009

Administrative - 1
Scientists (include. 2 PhD students) - 8
Professionals - 3
Technicians - 4
Total - 16

V.N. Litvinenko, EIC AC meeting, TTNAF, November 2-3, 2009
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eRHIC targeted LDRD-proposals

e Accelerator:

Proof of principle for a gatling gun polarized electron source
PI: Ilan Ben-Zvi

laser development for polarized electron source

PI: Treveni Rao

undulator development for coherent electron cooling

PI: Vladimir Litvinenko

polarized 3He source development

PI: Anatoli Zelenski

NATIONAL LABORATORY

V.N. Litvinenko, EIC AC meeting, TTINAF, November 2-3, 2009

43




Progress with eRHIC

» Continued:
- Development of R&D ERL
- Small gap magnets
- Understanding and suppression of kink instability
- Simulation of electron beam disruption in the collision
- Simulations of the beam-beam effects on hadron beam

* New developments
- MeRHIC lattice and cost estimating
- eRHIC staging and cost estimate
- Coherent electron cooling for RHIC pp and eRHIC
- Compact spreaders and combiner
- Effects of wake-fields on beam energy loss and beam quality
- Synchrotron radiation effects

Publications on eRHIC-related accelerator R&D
- About 25 papers in last year including one Phys. Rev . Lett.

BROOKHEVEN
NATIONAL LABORATORY V.N. Litvinenko, EIC AC meeting, TTINAF, November 2-3, 2009




Gains from coherent e-cooling: &
Coherent Electron Cooling vs. IBS

week ending

PRL 102, 114801 (2009) PHYSICAL REVIEW LETTERS 20 MARCH 2009
P P / m FIG. 1 (color). A general schematic of
. | the Coherent Electron Cooler (CEC)
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X === S — s —| ZE | . ispersion section, fat " w 5 i 3 comprising three sections: A modulator;
c s o o 2 adrons  Modulator AN » a FEL plus a dispersion section; and, a
X0 S0 SE kicker. The FEL wavelength, A, in the
g
figure is grossly exaggerated for visibil-
ax 11 1 iy,
- 32012 o
dt Ty, X°°S Tewe S T 1 T T g
CeC _ “CeC IBS | L
as 1 1 1-2& 1 = : : -
dt - Tigsy X3y Tcoc X, \/TIBS// Uips 1 \/é:J- (1 2é’:J- Us Tss (1 - 2§J-)
e

IBS in RHIC for

Norm emittance, um = : = : =4.
Dynamics: wo = 24m; 0 =13 em; 050 =4-10 eRHIC, 250 GeV, N,=2101
—— RMS bunch length. Tpe, =4.6 hrs, 7,..,=1.6 hrs;, Beta-cool, ©A.Fedotov
Takes 12 mins, mo e = ==
to reach |
stationar
. Y 12 g, =02um; o, =49 cm
point =
2 2
> 9 g .
g g This allows
3 = a)  keep the luminosity as it is
5] 6 Ué: b)  reduce polarized beam current down to 25
£ E mA (5 mA for e-I)
> ‘ 8 c) increase electron beam energy to 20 GeV
3 (30 GeV for e-I)
d)  increase luminosity by reducing B* from 25
| | | 3 | cm down to 5 cm
0 | | | | 0 PRL 102, 114801 (2009) PHYSICAL REVIEW LETTERS e o5

0 0.05 0.1 0.15 0.2 0.25
. Coherent Electron Cooling
BROOKHFELVEN Time, hours Vi N, L™ i Yeoukr §. Dsberes?
. . 'Brookhaven Natio nazLabu atory, UptnbnglmmeYkUSA
NATIONAL LABORATORY V.N. Litvinenko, EIC AC meeting, TJNW‘F&MW&& 253.2009™




120m SRF linac
3 passes, 1.3 GeV/pass

3 pass
4 GeV ERL
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2 x 200 m SRF linac
4 (5) GeV per pass
5 (4) passes

N

%

s,

W
D AN SN RN

Y

4 to 5 vertically
separated
recirculating
passes
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3 x 200 m SRF linac

6 GeV per pass
5 passes
\
~
("’Qoﬁ
IS
S &
()
NN
-
N £
N 7
N
N /
N 7
N 7
Yellow ring serves as % g
200 GeV injector into upgraded y
Blue ring \\\u\é
4 to 5
vertically
separated
— S — recirculating

BROOKHEVEM, \ passes
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eRHIC parameters

. eRHIC II
MeRHIC eRHIC with CeC 8T RHIC
p/A e p/A e p/ A e

Energy, GeV 250/100 4 325/ 125 20 800 / 300 20
Number of bunches 111 166 166
Bunch intensity (u) , 10! 2.0 0.31 2.0 0.24 3.0 0.24
Bunch charge, nC 32 5 32 4 32 4
Beam current, mA 320 50 420 50 630 50
Normalized emittance, le-6
m, 95% for p / rms for e 15 73 1.2 25 1 10
Polarization, % 70 80 70 80 70 (?) 80
rms bunch length, cm 20 0.2 4.9 0.2 4.5 0.2
B*, cm 50 50 25 (5) 25 (5) 25 (5) 25 (5)
Luminosity, x 1033, cm- 0.1 ->1 with
2g-1 ) CeC 2.8 (14) 17 (85)

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

- V.N. Litvinenko, EIC AC meeting, TTINAF, November 2-3, 2009



MeRHIC parameters for e-p collisions © VPtitsyn

not cooled With cooling

3 e P e
Energy, GeV 250 4 250 =
Number of bunches 111 111
Bunch intensity, 10! 2.0 0.31 2.0 0.31
Bunch charge/current, nC/mA 32/320 5/50 | 32/320 | 5/50
rimesenteeieen | | s | 15 | 73
rms emittance, hm 94 9.4 0.94 0.94
beta*, cm 50 50 50 50
rms bunch length, cm 20 0.2 5 0.2
beam-beam for p /disruption fore | 1.5e-3 3.1 0.015 7.7
Peak Luminosity, 1e32, cm2s-! 0.93 9 3

Luminosity for light and heavy ions

is the same as for e-p if measured per nucleon!

5 @i’\ﬁe of Nuclear py, %
Cs

V.N. Litvinenko, EIC AC meeting, TTINAF, November 2-3, 2009



IR without DXes: 5-fold flexibility for hadron energy

J. Beebe-Wang, E.-C. Aschenauer

‘ | — e T Forward Radiation Spectrum
42 =N N\ \ R ™ | == Blue 250GeV
‘ ‘ .. Operatipnal proton ‘ Yellow 250GeV
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* 40 cm p* and 40 m element free space
* Integrated 5.8 m long 4 T solenoid
«  First indication that it is good layout for diffraction physics
There is enough flexibility in the layout to accommodate main detector needs

BHOBKHH"EN
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RHIC lattice modification - Steven Tepikian +2
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Methods and solutions: construction of the asvnchronous arcs:

Medium Energy electron lon Collider (MEelC)

Normalized Dispersion in the Arc Cell
200 I I I I I I I I I | I I I I I I I I
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Switchyard at the linac

0.1GeV
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Vertical splitters - 55
3.35 6GeV, 2.05 GeV, and 0.75 GeV
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HV feedthrough

Caesiation x 6

Laser mirrors

Electron Beams

Laser windows

BROOKHFVEN
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Linac desigh with const. grad quads

Six Cavity Cryomodule 2K - 4K Transition Section ==
B/ VVVVUe=m /VVV VU es [ VVV Ve [ VVVV U= SV VVVLem UV VV VL Q’WTV’WV’V

FAANNN == AN >

Cavity: 703.75 MHz, 1.6 m with dampers

" Linac 1
&’ | T R Linac 2 -
- @—-___— . — — F:;- Fr— :;T
| ‘- “‘” Constant gradient quads:
_ 80 erhic MAD-X 3.04.69 15/02/09 16.16.53 L=20 le GNlOO Gauss/cm
S
: 72 1 4GeV C b *  Eii/Emax = 100MeV / 4GeV
i A * 3 acc./decel. passes
\ | _—
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——£ _ — Scaling gradient with energy
f 1N f— n produces more focusing and
increases BBU threshold
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BBU simulations

* HOMs based on R. Calaga’

simulations/measurements

S

* 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

mn

0.8892 57.2
0.8916 57.2 750
1.7773 3.4 7084
1.7774 3.4 7167
1.7827 1.7 9899
1.7828 1.7 8967
1.7847 5.1 4200
1 1.7848 5.1 4200

NA . o lliloll

3.4e4
4.3e4
2.4e4
2.4e4
1.7e4
1.5e4
2.1e4
2.1e4

Simulated BBU threshold (GBBU)
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Threshold significantly exceeds the beam current,
especially for the scaled gradient solution.
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« Energy loss

— Linac cavities: 0.54 MeV/linac.
(6.5 MeV total)

— Synch. radiation: 8.8 MeV total
— CSR: negligible

« Total power loss: 765 kW

« Energy difference in arcs

(max)

— Before compensation: 2%
— After compensation: 0.06%

" 0.7 MV, 215 kW
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Beam losses: Touschek

Total beam loss beyond given energy aperture

1) arcs (red); 2) arcs + linacs (blue)

110

1-10°

100

10 .

Current distribution [nA]

0.1

0.01 0 2 4 6 8 10

energy acceptance [MeV]

Not a large problem but not negligible
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Beam losses: Collisions with
Scattering resid Ual gas Bremsstrahlung

Losses beyond aperture at 100 MeV Losses beyond energy aperture

100 T T T T I I

0.141¢ 7

0.12I7 7

Beam Loss (pA)

0.08- 7

Current Loss Due to Bremstrulung (pA)

0.01 '1 '2 |3 '4 5 006, 10 20 30
Aperture of Collimeter (cm) Energy Aperture of Collimeter (Mev)
Small, can be neglected Small, can be neglected
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Energy spread compensation
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