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Table 4-23. Main B Factory parameters used in the beam-beasm

simulation studies,
LER (¢*) HER (e

E[Gev] - 31 9

sg [m] 126 126
Je [MHz] 238 238

Vir [MV] 8.0 18.5
Jrr [MHz) © 4760 4760

¢ [deg] - 1706 168.7

a _ 1.15x103 " 241¢103
Vs 0.0403 0.0520
0y [cm] 1 1
Ny 5.61x 1010 3.88 x 1010
&0 [nm-rad] 92 46
2y (nm-rad] 36 18
£ lem] 375 75.0
ﬂ;[ﬂ:ﬂ] _ 15 30
d‘;, [km] 186 186
%yl 24 24
% [tums] . ; 4400 5014
% [tams) 4400 5014
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(3)  Long Term Behavin (3 damping trmes)
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(a) Vertical Blowup Factor for e" Beam vs. Number of Turns
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(1) Pa.vgne'(e.v List (S'o.m Hﬁft‘h‘)

B-Factory Parameter List by Heifets, et.al.

Linac Storage Ring Collision
E.=3.5GeV E, = 8.0 GeV L =10"cm %sec™?
=TSR 10° W, =TT Ty = 213.7, Doy = 69.6
I =TmA— =T E T=0.00
far =15 GHs ng =30 [7-= 20 MEs
I{ = 2.2 psec sp=15m Bey = B = 3.33 mm
m,Q,:OﬁTnm €e = 5.75 nm, ¢,y = 0.057 nm | A2, = 21.55 mm
P =565 MW P=151MW | 0B, = o2, = 4.3Tym
Power Loss =2.0W/cav E' = 2.5 MeV/cavity ; a‘fy =op,=11lpm
f. = 20MHs Treas = 50
C=450m
R, =10
a=2.0x10"?
=2.45x10"°
o? = 3.33 mm
. —
i = i = 0.5 ohm
N/ tot
Prend = 45 m
Te = 0.9 msec, 7, = 2.4 msec
75 = 6.9 msec
Len=5m
B=98m, fy=14m
D, =0.255 m

Qs =0.07

C hoose Qx =064 Oy0.54

Tx =600 1 (600, € Z}

i3 > ot
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(a) Trace of 10th & macro in each slice without matching Variation of rms for each e slice with matching

25 T - - - 10 - -

20 1 9l

15 1 8 1
10 7t

5t

y (um)
(=]

-5
-10
.|5 L
20
_25 S —
06 -04 02 00 02 04 06
2oy
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(3) Long Tarm Behavior

AMSYP va. NTURN (RGELPS.F1)
T T —r T T T T

‘.
. i

L 4

® a5 -

%

bk

& « W u s @

- Figure 1: Positron beam blowup in 3000 furns

Lumineality of o~ ve. Ntura (RGELPS.F)
T — T T T L T T T

Ty

i I T N R B T A

T T T T T A S S

s L . L "
388 <68 oo ees ‘eea 1308 4@ ‘eme swse 3re@ sesa .8 Jeee Iees

Fure

Figure 2: Luminosity in 3000 turns

Given (N*,N.)'cqn obten an equi [ibrium ge
0{ ( Siv, G;‘h ﬁ)



(4) [Beam-Peam Tune shift (tmit

Beam Blowup Factor vs. Tune Shift
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Previous Observation in Simulation

of Linac-Ring B factory

€

¢t = Clallision

E, =2 GeV
N, =05 x 10°

N, = 10" Dy =90,D,, =001

E, =10 GeV | Ly = 542 x 10™cm Tsec™!

. = 500pm ly = 500 Yo = Yoffser = 0-1pm
Oey = 0.3um 0,y = 0.3pm
@,y = Jpm apr = Jpun

Table 1: Parameter List in Simulation

Mre calligion (wL=0) distoibulions
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Figure 3: Pre-collision distribution in the simulation for the first collision, with = < 0 for
the electron bunch and = > 0 for the positron bunch , modeled by 2000 macto-particles in
50 slices for each bunch. The offset is yo = 0.1pm.
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Figure 4: Trace of 10th macro-particle in each slice of the electron bunch, plotted in the rest
frame of the positron bunch

Pra-collision (&1 =150) distvibulions
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Figure & Pre-collision distribution in the simulation for 150th collision, with z < 0 for the
electron bunch and = > 0 for the positron bunch. The offset is yo = 0.12m for every collision
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Pre-collision (@1=150) dislribulions
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Figure 5: Pre-collision distribution in the simulation for 150th collision, with z < 0 for the
electron bunch and z > 0 for the positron bunch. The offset is yo = 0.1pm for every collision.
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Figure 6: Comparison of analytical results (solid curve) with numerical results (dotted curve)
for Y, vs. collision number N with z,/l, = 0.6.



Vertical Displacement of
4
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Figure 7: Comparison of analytical results (solid curve

) with numerical results (dotted curve)
for ¥, vs. the longitudinal distance Z,

at the pre-collision state for N = 150.



AN ENERGY RECOVERY ELECTRON LINAC-ON-PROTON RING
COLLIDER

L. Merminga, G. A. Krafft, Jefferson Lab, Newport News, VA 23606, USA
V. A. Lebedev, FNAL, Batavia, IL 60510, USA

Figure 1. Schematic layout of the electron linac — proton
ring collider.

N e W i e B i

¢ Recent Design of Linac-Ring Electron-Ion Collider

Table 1: Parameter table for linac-ring scenarios

\

Parameter | -~ Units | Design 1 Design 2
E. GeV 5 5
E GeV 50 50
N, ppb I.‘E,:KIOl 1.1x10"
N, ppb 1.?::16' 1.0x10"
f. MHz 150 150
o, pm 25 25
o, pm 60 25
€, nm 6 6
& nm 36 6.25
B cm 10 10
B, cm 10 10
cf, cm 10 10
a’% mm 1 1
- - 004 .004
Avy = 004 024
D, - .78 4.6
I A 264 264
I A 2.4 2.4
L cm'sec” 6.3};10’1 2.1x10%

— - ‘L/rx:{;"?.mﬁ (ré _'.5!({ T
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4. Strong Head-Tail Instability in a Linac-Ring
f e-p Collider k.

Assumptions: Linear beam-beam force
very'short e bunch

(betatron phase variation in IR is not yet included: .. <</, )

. Two Particle (or Slice) Model

. Vlasov Analysis

(‘Jr’fflr'P.*(H/f (Z{w? Srep—

Operated by the Southeastern Universities Research Association for the U.S. Dept. of Energy
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Two Particle Model vs. Vlasov Analysis

Two Paritcle Model:
® Gives clear picture of the interaction mechanism and cause of instability

e Overlooked the behavior of beam-beam kick from electron slice on the ion
bunch along the ion bunch length .

* Simplified the localized beam-beam kick as distributed interaction

Vlasov Analysis:
* (Consider dynamics of vertical dipole moments of a ribbon ion bunch
in a storage ring colliding with a ribbon electron bunch from linac
® Hourglass effect on synchrobetatron coupling is not included [ << ,8 -

+  Electron bunch is described by delta-like slice /. <</,
+  Uniform longitudinal charge distribution 4, =1/L,

o W oo W e W - S_—
— - —

jr {h 78501 C/mf

‘-.,?___,.1 ' e —
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~— Dynamics of the Stored lon Beam

Equation of motion for an ion particle: (k, =@, /c,k, = o, /c,C:circumference of the ring)

(dy _ ,
ds 7 @:_775
; duy Y- 5(s-2/24nC) ‘jis
ds pY =" £ ZO sl 7 ?-:k:z/n
. - \ £
Fy(z,s)
L E

. Vlasov equation for the distribution function g(y, U,,Z, 0,5)

F (z,s -
8g+uy6g+ ,(2,8) og sniy Bkl
os oy E 0u, 0z n 00
. Using action-angle transformation, we have for f(q,0,r,p,s)
y=gqcosd zZ=7rCoS @
u,=—kyqsiné ”§=rs'mgo
F
£+kﬁ 8f+ks 8f+ +AZ2.8) BF ~ 0
R Y Y E  ou,

_ ) > o —
L L/('{f’('?“'-(fff C i-"?dv
( » . - -

s # — e’ uw o
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P Analysis of Dipole Motion Using Linearized Vlasov quation ——

Neglecting hourglass effect
£,(q,0,r,,5)=- af“ [e

1
g.(r,p,5)= ZR;(r,s)e”"’

rosin @
+ 2

|=—=
C’.fu = 0

r cos @

>
-

Linear beam-beam interaction force
Using action-angle transformation, we have for f(g,6,7,¢,5) = fo(q)go(r)+ £,(q,0,r,9,s)
g, (:,qo,s)+e g (r, qo,*:)l

y =gqcos @
=—kyqsinf ”A—— -

O 4 k o1 k., ?f' ¢ Lyl EE) g,(r)
As Y oo E ou ,
Analogy to the broad band transverse wake function and impedance
g £+nC)-—-~ jd- W (z-2')7,(z',s'=nC),

le

S D2 A CIT) N
e
k ¢ }

f)(ru—é_) O+ ——}

ReZ" ——[

L ]
F‘(:.s)_
- ;b(s 5 nC)

W*(z)=sin k;H(.-.}, ]
2 k
- Imzt ==L
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- Equation for Single Collision
® Expansion in terms of modes for a uniform bunch distribution

R (r,s)= W(r)Zafm(s)hm(r)

W) = \/4 (Il]+2m+1/2)mf1"(|1|+m+1/2)[ ]""Pm uz)[l f_}
(1] +k)\T(m+1/2) E 27

. Equation for aj;,, before and after a single collision:

(+) (+) (+) (+)
atm T Qo = ZM!mealm Do

I'm'

= + _ )
alm Ao ZM Imi'm@m — Ay

"

. Coupling matrix
My e =1 Tsign(D] [sign(Z)] jdk[zl(k)c]g,,f,,, (R) &y (K),

Cu

5 = ‘/(!ll 2m+ D (m+ 1 U1 [ +m+1/2) g (k)
s 2mml(| 1] +m)! i

el W V. V. "

_ - i [~
) }/r'{((’?.\ﬂﬂ (/'n’{f

( ' =y
| S— Ss? ' gy’ 'q.‘:_‘_.
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Stability Analysis

Equation for a beam-beam interaction and ring transport

2

with g =[1|+2m+1/2, 4’| I'| +2m'+1/ 2,
Coaa= A+ ()" /2, € 0 =1+ ()™)Y /2

. Stability requires:

|E-A1|=0, A=,

£ =0

I

/a};)\ (e—i,uﬁ \ (ei,us \ (/a’(;)\
A 0 0 (I+M M )\ :
a},;) 0 " 0 e* =M IT=M a,(:
\ e\ 4 g, ey
Expression for coupling matrix M )
) — ")
(_)(p—p')/Z Sin (ﬂ H )
Mlm,!'m' = C!J‘ﬂ' §+ X Codd‘]p (Z)J,u-(;t') + iccven 1 Jmax(p,,u') (Z)J—min(,u 1) (Z) I
Sin(y-{—,u)ﬂ' 7oy

I r 3 S ,.—'..'*__,\ “.'. W
- ) ‘:/f‘.r'((';“,\ub’ C /’:f{["
( e
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~— Transverse Mode Coupling

Q, andQ, /u, vs. D &, /v, by varying&, for D_=4and v, =0.001

x10™
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4 T T T T
- A T r S X x
2 - - X > x ?< -
w * *» * x x x b4 x
1!..‘!
::_ 0 x x x
=2 T T S Sl 3 X X x % -
_4 i i L I i
0 2 4 6 8 10
D&fvs

12

. [ — 4 " . — ] -
e elfersan C_/’fv(r —

S

Operated by the Sowtheastern Universities Research Association for th

¢ U.S. Depu. of Encrgy




Small Growth Rate in the “Stable™ Region
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— Growth Rate for Highly Disruption Case _ =

Mode growth for &, from 0 to 0.05 while fixing D_ =273 and v, =0.07,
which are parameters used in our earlier study of linac - ring B factory
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~— Threshold vs. Disruption

For higher disruption, the electron oscillate through the ion bunch, the kink
instability threshold depends weaker on the disruption parameter.
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— Conclusion

A Strong-strong beam-beam simulation was earlier developed to

study beam-beam effects in a linac-ring B factory, and is recently modified to
study beam-beam effects in a linac-ring EIC.

Both simulation and analysis shov;fed kink instability with bunch length

effect for a linac-ring collider. Analysis was based on linear beam-beam force
approximation.

Head-tail effect due to betatron phase change in the IR for linac-ring beam-
beam was studied by Perevedentsev [PRST 4, 024403 (2001)] and later

by Yunn [Jlab-TN-01-017], which is not yet included in the present Vlasov
analysis.

For the head-tail and strong head-tail instability analysis, we need to include
effects of full nonlinearity of beam-beam interaction, and compare with
simulation.
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