IBS and Polarization

In the regime of strong intrabeam scattering
where the CLIC e- (or e+) damping rings operate,
we might encounter effects related to polarization

Frank ZImmermann
CLIC workshop, CERN, October 2007
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IBS effect for CLIC

equilibrium emittances in the CLIC damping
ring are determined by balance of radiation
damping and intrabeam scattering

(PhD Thesis M. Korostelev 2000)
— new regime of storage ring operation
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M. Korostelev, PhD Thesis Parameters® of the extracted beam. CLlC Damp|ng R|ng

Parameter Symbol | RING 1 | RING 2 | RING 3 | Unit
Bunch population Ny 2.56 2.56 2.56 x10”
Bunches per train o 110 110 110
Maximum number of bunch trains N 14 14 12
Minimum number of bunch trains i ol 4 4 4
Norm. horizontal emittance w/o IBS YEz0 79 95 1m
Norm. horizontal emittance with IBS YEqz 380 430 nim
Norm. vertical emittance with IBS YEy 3.47 2.4" 2.7 nim
Norm. longitudinal emittance™ with IBS | & 4990 4985 5000 eVm
RMS bunch length w/o IBS T 50 1.21 1.25 1.31 min
RMS energy spread w/o IBS T50 0.915 0.113 0.111 %
RMS bunch length with IBS O 1.65 1.51 1.5 mim
RMS energy spread with IBS o5 0.125 0.136 0.137 i
Horizontal IBS growth time ) 3.89 1.88 2.34 ms
Longitudinal IBS growth time {3 9.57 4.403 4.83 ms
* Note that the parameters in this table were computed for the betatrop coupling €,0/€,0 = 0.0063
and zero vertical dispersion. emittance with IBS is ~4x Iarger
** Note that ¢; = "}*cr,,-m;m.ur.‘z. than W/O IBS!
Parameter Symbol|| RING 1 | RING 2 | RING 3 | Unit
Energy E 2.42 2.42 2.42 GeV
Circumference C 364.96 364.96 300.48 m
Revolution time To 1216.53 1216.53 1001.6 ns
Total length of wigglers Ly 152 152 96 m
Number of wigglers N 76 76 18
Length of wiggler Lip 2 2 2 m
Wiggler peak field B 1.7 2.562 2.52 T
Wiggler period length - 10 4.5 4.5 cm
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polarization for CLIC

CLIC plans to operate with polarized e- beams and
possibly also with polarized e+ beams (Compton
scheme);

a study of spin transport and polarization
Issues in CLIC from the sources to the collision
point was performed by R. Assmann and F.
Zimmermann for Snowmass 2001 (CLIC Note
501) ; however, possible interplays of polarization
with IBS were not addressed at the time
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2 (or 3) Issues

* change of IBS rate for polarized beams
» depolarization due to IBS:

- rotation of polarization vector

- shrinkage of polarization vector

(“spin flip”) X
(5>’

W ork in
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relativistic or non-relativistic?

this depends on (local) horizontal momentum

7
Dy ime = [y = \/ 6X103 M 5 42GeVic ~12keV/c
| VB, 5x10%5m

or CLIC damping ring parameters

B = 0.023

— we can use nhon-relativistic approximation
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two Feynman diagrams for Moller scattering in lowest order:

P3
Pa

P1
P P2
P1

general differential cross section in cm system:

do 1 1 p 2 .
o BT W %(‘M ﬁ‘ V“) Fermi’s golden rule

W = ‘/57: (p1+ p2)2 ’qz ~-2p,P; = _WZSinz(%)’q.zz —2p,p, = _WZCOSZ(%j

PP, = PP, = =W?
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unpolarized cross section
average over theinitial spin directions and sum over the final ones;
this simplifies the calculation of the squared matrix element:

ql“ a(ps )y, u(p)u(py )y, ups)Julp, )y “u(p, Ju(p, )y u(p,)
=0 (p,)r,u(p (P, )y, u(p,Ja(py)y*u(p, ) (p, )y u(p,)
|'V|ﬁ|2:e4i4E !
Vo Assmal L u(p,)y,u(pa(p )y u(p.)u(p, )y u(p,Ja(p, )y u(p,)

>U(p, )y, u(p)a(p,)y,u (ps)U(ps)WU(pz)*(pz)VU(p4)

. q’g’

(p1+ p,)°
6
(p,—ps)° —4\p\sn2(2j

2

gg = <202 {(S—ZmZ)Z(tz -|-u2)+ ut(— ams +12m” +ut)} |

non-relativistic limit: IFJI <<m \ u=(p,—p,) 2—4\p\0052(§)

e

(do*j _em’ ) 1 1 1 >_oﬂmz{ 4 3 }
4 4y 2
dQ ) o 16]|' Sin{éz?) 0054(9 sinz(g)cosz(g alp|* lsn®6 sin’g

[1] P. Schmuser, Feynman-Graphen und Eichtheorien fur Experimentalphysiker, Springer-Verlag, Berlin (1998)
[2] O. Nachtmann, Phaenomene und Konzepte der Elementarteilchenphysik, Vieweg Braunschweig (1986).
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polarized cross section
calculated by A.A. Kresnin, L.N. Rosentsveig, Soviet Physics JETP 5, 2 (1957);

In the nonrelativistic limit:

(d_gj ~(d_0) - SN0 g
dQ ) \dQ),a| 1+3cos’6

polarization vector

non-relativistic &
small-angle
Cross section
for polarized

e-e- scattering

Bjorken-Mtingwa these terms reduce the effect of IBS

and Piwinski kept polarization — 25% change of neglected term
only ~this term
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spin-flip cross section
............. ~k o~~~ -..1. '-._t:-..

project initial and final spin states onto opposite polarity using projection operator
2; keep only dominant direct scattering term in scattering matrix

Mol Y [q—twpgmz(sl) (P (P, <s3>u<p3>a<p4>7ﬂz<s1>u<p2>a<p2>wu<p4>}

4
V $1:52,53,54

1+ V5P covariant spin projection operator where Y. = 7 = I7/0717273
2

¥(s)=

rename: p;—pP4’, P4—P,’

‘2:e4ii-|_l‘ D1+mo7/ﬂ1+7’5$1 pl"'mo}/vl+75$3 <Tr pz"'mo}/ 1+ 78 pz"'moyv
2m, 2 2m, 2 2m, Y2 2m,

drop terms which contain single 7s% factor (perhaps not correct?!?)
Pty 78 P+ %D

1 . .
M| = ——[ mo(plﬂplv pl,ﬂpl,v—gw(pl-pl—mé))”{ R

( L (pz p2+p2 pz gﬂv<p2'plz_m§))j
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since s anticommutes with all y matrices and y:?=1:

T{pﬁmo 7% Pyt M, %%}ZT{pﬁm 5 Cptm) 8

2m, 75 2m, o om T2 2m, oy

since traces of an odd number of y matrices vanish

Tr{pi‘FmO 51(_ p1+m0) 33}

2m, Y 2 7

. 1
om. 5 Tr [wﬂﬁl P.7, $3]+ ETr [nm 53]

- 16m;
. _ spin vertically up
for the sake of definiteness choose 51 =73

g, =—7¥5;  spin vertically down

assuming the initial momentum to be in the horizontal plane

1 1 plv pl,u
ETr [7ﬂ$17v ] Z(ZgSﬂ g3v + g,uv) 16m0 o I:pl;/'uﬁlpl%/%] m0
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2,111 1 (. . . ,
!M fi! =€ V4 Eq4 £4m§ (5p1,ﬂ pl,v + pl,y p1,v - gﬂv P; - p1_293/1g3l/m0 )j

x%(pg" oy + p¢py -9 (p, - p,-m?))

0 spin flip
~ V4 of all
2 1 11 scattering
. M . ~e' — — =
non-relativistic limit: |p| <<m — ‘ f" fip V& q4 4 events!?
\ ‘M ‘2 ~e4ii§ correct???
nospinflip: B =7 =8> Mal| =€y

to cross check and for comparison we rewrite the total cross section as:

M [ e vl“ jiqi n::g (P2, Py + PPy~ G, (P - mé))xmig(p;“ 0y +pipy -9" (p, p,-mi))
111 2 . .
= ‘M ﬁ‘z total ) e4V4 ZC]“ mg ((pl' p2)2 +(p1' p2)2 _ng P, P+ 2mg‘)

2
R - > My =e* = —  atleast sum of
non-relativistic limit: |p| s<m ‘ f ‘ total V*q* flip and no-flip

equals total
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spin rotation during the collision

except for small correction, and (only) for small angle scattering, the fraction of
the incident polarization vector in the scattering plane follows the scattering angle
(C.K. Iddings, G.L. Shaw, Y.S. Tsai, Physical Review 135, 6B, 1964) which for
multiple intrabeam scattering could also lead to a loss of polarization
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conclusions

 polarization does not affect IBS growth rates

 if no mistake in the above calculation, the
IBS spin-flip component could lead to
substantial depolarization, perhaps making
polarization impossible to attain in IBS
dominated damping rings

* IBS spin rotation still needs to be studied;
we expect that it is a much smaller effect
than the spin flip
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appendix: other CLIC DR issues

* electron cloud

e space charge

* jon effects

* alternative damping-ring lattice

Frank Zimmermann, IBS & Polarization, CLIC workshop



electron cloud

simulated e- densities in the wiggler vary
between 10" m-3 and several 10" m-3;
single-bunch instability threshold ~2x1072 m-3,
— countermeasures are needed

(photon stops, clearing electrodes,...)

D. Schulte, R. Wanzenberg, F. Zimmermann, ECLOUD’04 Napa;
F. Zimmermann, WIGGLE’05 Frascati
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space charage
-y

N,r.C 1 p
AQ) = —=2F — : ~0.11
Qy (27[)3/2 e \/(7,8)( )(75y) <\/,Bx + DfO'52 [ €, >

direct s.c. tune shift close to
maximum acceptable value

T. Agoh, M. Korostelev, D. Schulte, K. Yokoya, F. Zimmermann,
Collective Effects in the CLIC Damping Rings, CLIC Note 632
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- T. Agoh, M. Korostelev, D. Schulte, K. Yokoya, F. Zimmermann,
I O n e e C S Collective Effects in the CLIC Damping Rings, CLIC Note 632
ion oscillation frequency ~1 GHz for H-, lower for others

critical ion mass for trapping (at end of store):

As A N,CALr Q
> = =
" 20 (0, +0,)

ion-induced tune shift at end of train (2 Mbarn, 1 nTorr):

AQ = —ToNbfeC ("ionpj ~0.014

7 (re e, )\ KeT
exponential rise time of FBII at end of train (1 nTorr)
0,0, k.T)[8(O0+
TFB|| ~ / Y B — —fl z33,uS
anbcreﬂyaion p T 1:i

~3 turns, controlled by feedback? better vacuum, e.g., 0.1 ntorr?
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alternative CLIC DR lattice

(Y. Cai)

SING PEP,

Description Without wiggler With wiggler
Energy E(Gev) 4.5 4.5
Circumference (m) 2200

Norm. horizontal emittance | 0.88 um 0.44 um
Damping time (ms) 177 15

Tunes, v,,v,,v¢

88.57, 38.64, 0.0065

99.57, 39.64, 0.0087

Momentum compaction o, | 6.96x10- 6.86x10-°
Bunch length ¢, (mm) 1.45 3.13
Energy spread o /E 3.90x10+4 1.14x10-3

Chromaticity £, &,

-143.4, -62.5

-175.6, -72.4

\_____/ 'j:rass
00 : - 0020 Energy loss per turn (Mev) | 0.37 4.34
x fm)
B poc = 00
e name = T RF Voltage (MVolt) 5 10
ﬂ—[[rﬂﬂﬂﬂ} i WHJ
&y [nm]
\ HH .'n’? SOURCE USING PEP, Yt 15358 Dynamic Apertisre of Synchitron Radiation Hing Based on PEF, Y, 17/13/06 — i — —e . P
[-L [{ 1412106 15.35.51 ¢ 4 . g T 9| T ]
- 4.4 ; [03 3 os ﬁfm:: 4X1 0 IBS)- :
... | dynamic B2 o ]
a0 £ .y . i
K . v ;’/,ﬁﬂ%
| . .,’:.__:__.;u_\..x.:-\ B gl -, | :/J
__/!';' ) . A N 'b:'\_\ [ P P R
LA — N R 0 100 200 300 400 500
, ) Ay / \ Nominal Peak Current [A]
(] £ 3 H 3 3 d. ) L i %“ . = i y
B i . e
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