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Why to cool hadron beams?

Measure of Collider Neveris= Fass L
Performance is the  Luminosity L fco,lél-ﬂl}(-gNz.g( 5 h6.o)

Main sources of luminosity limitation

Large or growing emittance
Hour - glass effect
Crossing angle
Beam Intensity & Instabilities
Beam- Beam effects
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Why to coherent electron cooling?

A Traditional stochastic  cooling does not have enough bandwidth to
cool modern - day proton beams

A Efficiency of traditional electron cooling falls  as a high power of
hadr occnetgg

A Synchrotron radiation is too fable d event at LHC energy cooling
time is more than 10 hours

A Optical stochastic cooling is not suitable for cooling hadrons with
large range of energies and has a couple of weak points:

A Hadron do not like to radiate or absorb photons, the process
which OSC uses twice

A Tunabity and power of laser amplifiers are limited
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Examples of hadron beams cooling

Trad. Trad. Coherent
: . Energy | Stochastic Synchrotron Electron Electron
Machine Species . . .
GeV/n COOIing, radiation, hrs COO||ng Coohng’ hrs
hrs hrs 1D/3D
RHIC
PoP Au 40 - - 1 0.02/0.06
eRHIC Au 130 ~1 20,961 OO ~1 0.015/0.05
eRHIC D 325 ~100 40,246 OO > 30 0.1/0.3
LHC p 7,000 ~ 1,000 13/26 o0 00 0.3/<k1

Potential increases in luminosities:

RHIC pp ~ 6 fold, eRHIC ~ 50 fold, LHC ~ 2 fold; LHeC ~ 10 fold
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Gains from coherent e-cooling:

Coherent Electron Cooling vs. IBS

Cantor for Acceleralor Science and Education
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X=§—X; S=[§S] =(§—EJ ; X = lcec 1 . a_ fcec _\/TBSL . $.
X0 so sk ! 3
Tine, T, 1-2 T T 1-2
%_ 1 1 ) £ 1 \/ IBS// “IBSL \/Si( i) IBS// IBS// ( éi)
dt 74, X3/2g/2 Teec S’
ds 1 1 1-2£ 1 _ . _ — 4 |\I[IBS in RHIC f
kg _ il g =2um c,=13cm o.,=4-10 In or
dt 7 XY e X mo = AT G0 00 eRHIC, 250 GeV, N =2-10
Ty =46 hrs 755,=1.6 hrs Beta-cool, ©A.Fedotov
Norm emittance, um
Dynamics: —
. — RMS bunch length, cm
Takes 12 mins__ ! s . 02U o — 49 om
to reach | xn = G- HITL O = 4.
stationary
: 12
point =
2 >
g 9 T This allows
E = a)  keep the luminosity as it is
-‘g ; b) reduce polarized beam current downto 50
v 6 & mA (10 mA for e-I)
E F C) increase electron beam energy to 20 GeV
z < (30 GeVfor e-l)
3 d) increase luminosity by reducing p* from 25
cm downto 5 cm
0 | i \ \ 0
0 0.05 0.1 0.15 0.2 0.25
BROOKHEAVEN Time, hours
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eRHIC: ERL or ring for

electrons?

CeC Is the key ingredient

Cantor for Acceleralor Science and Education

eRHIC IR2

p/A e
Energy (max), GeV 325/ 130 20
Number of bunches 166 74 nsec
Bunch intensity ( u), 10 11 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 5 5
Luminosity, cm -2s-1 1.4 x 1034
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Evolution of beam in LHC at 7 TeV

(assuming nominal LHC bunch intensity 1.15e11 p/bunch and 40% of CeC cooling capability)
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Table 2.2

1_2§J_ 1

v 32al/2
dt Ty X O Teec X

Stationary solution for  Yj,.= 0.8 hrs :
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Beam evolution in LHC

=—RMS5 bunch lenght, cm

{15
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Layout for ERL based LHC
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00000000000000000000000000000000=:

10 GeV linac

R=700m
R=700

A Hadrons
0 1.15ell per bunch
0 Cooled by CeC 10 GeV linac

To

EleCtron ==H000000000000010000000NNNINN =
0 Accelerated inthe ERL - 60 GeV — T W=m o
8 Polarized electron beam current - 8 mA EnL mictor

Number of passes 03

AC power consumption 8 100 MW
Crab-crossing

b*=12 cm

L =210% cm? sec
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Coherent Electron Cooler

i
Cantor for Acceleralor Science and Education

At a half of plasma oscillation
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Analytical formula for damping decrement

o Z° e
_ e — 1. 2G - . p 215 ’ ~1
<§CeC> gar’h K 0 A gJ_n (05 . Gf,h) K
1

<§Cec> -

‘c"long,hgtransh

Note that damping decrement

a) Does not depend on the energy of particles !
b) Improves as cooling goes on

It makes it realistic to think about cooling intense proton

beamin RHIC & LHC at 100s of GeV and 7 TeV energies
Even though LHC needs one more trick  (back up slides)
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Effects of the surrounding particles =

Each charged particle CUAses generation of an electric field wave -packet
proportional to its charge and synchronized with its initial position in the bunch

. i e = . . €
Etota|(é/):Eo'Im£X' Z K(é/_é/i)elk(g{i)_ ZK(;_ézjﬁk(ggj) Eo 2Go Yo ﬂgm
i,hadrons j,electrons X _ q/eE Z(l— 00301) - Z
Evolution of the RMS value resembles stochastic cooling!
Best cooling rate achievable is ~1 /N 4, N4 Is effective
number of hadrons in coherent sample (s,=NA)
Amplitude s k 38 afel Phase/r
’ » Amplinde
<52> = —2§<52> +D A= JIkG-oyac
Ay N, A, 05
Ner =N 4ro,, ’ X? W/EO'ZVE o

£=—g(5 Im(K (AL Y (6?); D=g"N /2

Z2r | A 2 1
1n 20-7/ Neff NEff
Fortunately, the bandwidth of FELs Af ~1013-1015 Hz is so large that this limitation does not play any practical role in most HE cases
BROOKHFEAVEN
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Transverse cooling

Non-achromatic chicane installed at the
A Transverse cooling can be exit of the FEL before the kicker section
obtained by using coupling with  ,rns the wave -fronts of the charged planes

longitudinal motion via 1 electron beam
transverse dispersion In electron bea

A Sharing of cooling decrements 4 Ry6#0
is similar to sum of decrements _//¢ \M
theorem for synchrotron
radiation damping, i.e. —_ )
decrement of longitudinal 5(Ct) R26 X
cooling can be split into _ E_E
appropriate portions to cool AE=-eZ'-E,l,- S'”{‘{D £ T RX ~ReX+ Regy'+ R46Y]};

both transversely and
longitudinally: J +J,+J, =1
A Vertical (better to say the

AX=-D,-eZ-E,-L,- KRX+....

second eigen mode) cooling is ¢ =dbcec Sy =12, )Ccec)
coming from transverse g .
coupling Tcect - dt Tcec

1 1
T, =————— ToeqL = :
20l O 2(1-23)) e

NATIONAL LABORATORY
V.N. Litvinenko, EICC meeting, CUA, Washington DC, July 29, 2010



e-Density modulation CUAsed by a hadron (co-moving frame)
Induces charge:  q=-Z€- (1—C0s0,t) «_ ¥

+Ze
. . <
An a|y'[ICa| . for kappa-2 anisotropic electron plasma, /' <+
G. Wang and M. Blaskiewicz, Phys Rev E 78, 026413 (2008) ~ f LS
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s a a Figure 4: A longitudinal cross section of the wake behind

Figure 3: A transverse cross section of the wake behind a a gold ion, with the color denoting density enhancement.

gold ion, with the color denoting density enhancement.
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Numerical simulations (VORPAL @ TechX) _CASE
Provides for simulation with arbitrary distributions and

finite electron beam size
VORPAL Simulations Relevant to Coherent Electron Cooling, G.I. Bell et al., EPAC'08, (2008)

electron density perturbation
o 3

© TechX

q=-Ze- (1-cosyt)

2 (along beam, Debye radi) ¢ = 0.000 plasma period V.N. Litvinenko, EICC meeting, CUA, Washington DC, July 29, 2010



