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1. Introduction

» Design goals of JLEIC
— Luminosity: 1033~1034 [cm?s™1]
— Wide range of E,,. 30~100 [GeV]
— Wide range of ion species

— High polarization (~70% for e~ and light
ions)

100 meters

« Special Features of JLEIC
« Goal of Collective Effect Studies for JLEIC

— Figure-8 rings S _
— High-energy bunched beam electron Ensurg beam stability aqd phase space quality fgr
— a wide range of energies for the electron and ion

cooling beams during collision
— wide range of ion species
— the whole ion bunch formation process
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Luminosity Concepts and Features of Collective Effects

« Luminosity concepts of JLEIC
— Moderate single bunch charge, with low emittances and short bunch length (1.2~1.4 cm)
— High bunch rep rate (n,=3420)
— small beta at IP (1 cm)

- 100
T ~0-JLEIC:3T
o
=
= 10
* Implication for behaviors of collective effects @
— Moderate single-bunch effects (except at low E
energies) 3
— Strong coupled-bunch effects 1
20 30 40 50 60
CM energy (GeV)
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Beam energy

Collision frequency
Particles per bunch
Beam current
Polarization

Bunch length, RMS
Norm. emitt., horiz./vert.
Horizontal & vertical B*
Vert. beam-beam param.
Laslett tune-shift
Detector space, up/down
Hourglass(HG) reduction
Luminosity/IP, w/HG, 1033
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JLEIC Baseline e-p Parameters

I P
P e p e P e

GeV
MHz
1010
A
%
cm
Mm
cm

m

cm2s-t

40 3
476

0.98 3.7
0.75 2.8

80 80

3 1

0.3/0.3 24/24

8/8 13.5/13.5
0.015 0.092
0.06 7x104
3.6/7 3.2/3

1
2.5

100

0.98
0.75
80
1
0.5/0.1
6/1.2
0.015
0.055
3.6/7

5
476
3.7
2.8
80
1
54/10.8
5.1/1
0.068
6x104
3.2/3
0.87
21.4

For the electron ring, we consider Ee=3, 5, 10 GeV

For the ion ring, we consider Ep=100 GeV (middle column)
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100 10
476
0.98 0.93
0.75 0.71
80 75
1 1
0.9/0.18  432/86.4
10.5/2.1 4/0.8
0.002 0.009
0.056 7x10°
3.6/7 3.2/3
0.86
5.9
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Collective Effects in the JLEIC Complex

Electron Ring lon Rings Electron Cooler
* Incoherent: Laslett tune shift, emittance growth, halo e Space charge
e CSR
* Coherent: Single-bunch Instability induced by e BBU

wakefield
or impedances

Coupled-bunch Instability

* Scattering

* Scattering: IBS
Touschek scattering * Two stream effects
Residual gas scattering

e Heatload
* Feedback

e Two-stream effects: Beam-Beam

lon effects E-cloud effects
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2. Impedance Studies for JLEIC

Broadband Impedance ) Single bunch Instability

f
Sedback kickers

\

/

Distortion of
bunch longitudinal
distribution

Narrowband Impedance mmsssssss)  Coupled bunch Instability
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Status of JLEIC Broadband Impedance

* Impedance budget studies requirement
— Complete inventory of impedance-generating components
— Engineering design and drawing of each components
— EM field modeling for wakefield or impedance spectrum

« Current status of impedance studies in JLEIC
— Engineering design is still in the initial phase
— Component counts are done (subject to modification)

— Impedance are estimated using impedance budget of existing machines for
reference
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Broadband Impedance Estimation: JLEIC e-Ring

« Component Counts (1. Michalski)

* Impedance Estimation (K. Deitrick)

Broadband | Reference: Reference:
Impedance | PEP-II SUPERKEKB

m

Flanges (pairs) 1215
BPMs 405
99.2 28.6
Vacuum ports 480 L [nH]
Bellows 480 z/n Q] 009 002 <01Q
Vacuum Valves 23 ”
Tapers 6 k [V/pC] 7.7 15
Collimators 16
DIP screen slots 470 ‘Zl‘ [kQ/m] 60 13 < 0.1MQ
Crab cavities 2
RF cavities 32 * JLEIC plans to use PEP-Il vacuum systems
RF valves 68 * Effective impedance is bunch length
Feedback kickers 2 dependent
IR chamber 1
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Broadband Impedance Estimation: JLEIC ion-Ring

« Component Counts (1. michalski)

o Lo

* Impedance Estimation (K Deitrick)

Broadband | Reference:
Impedance | PEP-II

Flanges (pairs)

BPMs 214

Vacuum ports 92 L [nH] 97.6

Bellows 559 ‘Z”/n‘ Q] 0.08 <010
Vacuum Valves 14

Tapers 6 k [V/pC] 8.6

Collimators 16

DIP screen slots - ‘Zl‘ [kQ/m] 80 < 0.1 MQ
Crab cavities 8

RF cavities 40 * The short bunch length (1.0cm) at

RF cavity bellows 40 collision is unprecedented for the ion

RE valves 24 beams in existing ion rings

* Bunch length varies through the whole
bunch formation process

Fall 2018 EIC Accelerator Collaboration Meeting 11
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Impedance Measurement vs. Calculation

October 29 — November 1, 2018

Measurements vs Calculations eeFACT.
2016
inductive impedance
Z, I n = const Av = L Eﬂ.han,'
an ow, Efe*
Z, = const
W meas el M meas
B cale | B cale

SPRING-E T
PETRA-II .

PEP-1l e+

KEKB e- B™

NSLS |1

PEP-Il e ™
KEKB e+ B

[y

o 8

SPRING-

18
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500
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= 400

)

tE"BOO 1

.—200
= = 9
3%°

PEP-II &-

PETRA 111

KEKB e+

(V. Smaluk, eeFACT2016)
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Narrowband Impedance Estimation: JLEIC e-Ring

* RF cavity in e-Ring (PEP-II cavities)

PEP Il cavity
476 MHz, single cell,
1 MV gap with 150 kW,
strong HOM damping,

October 29 — November 1, 2018
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Narrowband Impedance : JLEIC ion-Ring

e 956 MHz 2-cell Cavity (F. Marhauser)

as tradeoff between accelerating
and HOM-damping efficiency

——wakefield simulation (extrapolated after 500 m wake length)
e |ossy Eigenmode simulations

R (€Q) - . =TMO1 cutoff
1.E+10 -

1E+09

1.E+08

E
1
causes LCBI
1.E+07 :
LE+06 - t :
1.E+05 4 '
LE+04 :
1.E+03 - '
1.E+02 4
1.E+01

1.E+00

i
'
i
|
1E-01 T T T 4 T T T

0.0 0.5 1.0 1.5 2.0 25 30 3.9
frequency (GHz)
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4.0

Ry, (€/m)

1.E408 -
1.E+07 +
1.E406 +
1.E4+05 +
1.E+04 -
1.E+03 -

1.E402 A

1.E+01

with coaxial couplers

FPC stub to symmetrize fields
(minimize coupler kicks)

HOM endgroup

——wakefield simulation (hor. pol. HOMs, extrapolated after 442 m wake length)

——wakefield simulation (vert. pol. HOMs, extrapolated after 500 m wake length)
e lossy Eigenmode simulations

=+ =TE11 cutoff

0.0

0.5 1.0 15 2.0 2.5 3.0 3.5 4.0
frequency (GHz)
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Narrowband Impedance : JLEIC ion-Ring

956 MHz 2-cell Cavity (F. Marhauser)

——wakefield simulation (extrapolated after 500m wake length)

e lossy Eigenmode simulations

R (€) - . =TMO1 cutoff
1LE+10 4
cecal : Ry, (Q/m)
1LE+09 + 5

' 1.E408 -
1.E408 - v

| i
1.E+07 -\: o ; LE+07 4
1.E+06 + -

| reduced LCBI growth rate
LE+05 4 , 1.6+06 -
1.E+04
1E+03 1E+05 1
1.£402 1 1.6+04 4
1LE+01
1.E+00 1.6403
1.E-01 4 T T

0.0 0.5 1.0 1.5 2.0 4.0 1.6+02
frequency (GHz)
1.6+01
0.0
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waveguide couplers

w— wakefield simulation (hor. pol. HOMs, extrapolated after 500 m wake length)

—wakefield simulation (vert. pol. HOMs, extrapolated after S00 m wake length)
e |ossy Eigenmode simulations

=+ =TE11 cutoff

.5 10 15 20 25 3.0 3.5 4.0
frequency (GHz)
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Narrowband Impedance: IR Chamber

=

Hexahedral mesh (wakefield simulations)
utilizing 1/4 symmetry

JLEIC IR Chamber CAD Model (Marhauser)

L T

Monopole Modes Dipole Modes

impedance Monopole mode spectrum

(Ohm) ——wakefield calculation (500 m) ® Eigenmode calculations impedance

1.E+07 - (Ohm/m)
J 1.E+08 - J
1.E+06 - ﬂ-

/ 1.E+07 A
* / ‘ Long. Loss Factor (o =30 mm) = 0.185V/pC ‘
q
L ]

—wakefield calculation (500m) e Eigenmode calculations

1.E+05 -
1.E+06

1.E+04 - 1.E+05 -

~— A

1.E+03 -
1.E+02 -
1.E+02 A
1.E+01 T T ) 1 t T —
0

05 1 15 2 25 3 35 4 1.E+01 T T T T T T T 1
frequency (GHz) 0 05 1 15 2 25 3 35 4
frequency (GHz)
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Narrow Impedance : Crab Cavity (e-Ring: 2 crab cavities, lon Ring: 8 crab cavities)

* Prototype converging to a 952.6 MHz 2-cell RFD cavity. (HK Park)
« Bare cavity impedance

RI[Ohm] Longitudinal X Eigen-Z R/Q [Ohm] Rtr [Ohm/m] Trans-X Trans-Y B Eigen-X & Eigen-Y R/Q [Ohm]
1.E+06 1.E+03 1.E+05 1.E+03
1.E+02 1.E+02
LE+05 1.£+04 i
1.E+01 R 1.E+01
1.E+04 X X . o
X . 1.E+00 1.E+03 s 1.E+00
u
1.E+03 X 1.E-01 1.E-01
1.E+02
1.E+02 1.E-02 1.E-02
1.E-03 1.E+01 / 1.E-03
1.E+01
1.E-04 1.E-04
1.E+00 X 1.E-05 HEOO °f 1.E-05
SO . .E-
XX - . o« ¢
1.E-01 1.E-06 1.E-01 1.E-06
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Frequency [MHz] Frequency [MHz]

« Damping under study

2 hook
couplers

October 29 — November 1, 2018 ran £018 EIC Accelerator Collaboration Meeting 1/
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JLEIC Impedance Status

* We are at the beginning phase of impedance studies

* Preliminary estimations are done

* Engineering design and EM modeling are underway

October 29 — November 1, 2018 Fall 2018 EIC Accelerator Collaboration Meeting 18 ,
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3. Collective Instabilities in JLEIC

 \Wakefield induced instabilities

— Single bunch instability
— Coupled bunch instability

e Two-stream instabilities

— Electron cloud in the ion ring
— lon effect in the e-ring

October 29 — November 1, 2018 Fall 2018 EIC Accelerator Collaboration Meeting 19 ,
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Single Bunch Instability: Longitudinal Microwave Instability

Longitudinal wakefield and momentum compaction can form a positive feedback loop to amplify density modulation

Currentin Amps.

‘ '} ’J | (;C']t}e::d szw’“’v ‘v::)“;:i: I/:M”L;vr } ‘ -
‘w); ‘ Mm ] AgEE
T 1 u’w W R /
J’”“”‘l,\-#l. MM \’ J h\“ ‘ T e R ’ ]
e e 5 SO 3 !
j‘vr'ﬂ":“‘fi""”’“H"}M u ,H ~| h“' | U N /
,Ir“" ‘M'W‘ ‘}-" I"fﬁ\ 20 ,~'. :;§:~ ’ - ™ ‘7(; m‘ R ’ '7
. /’ \Awww"( w 7 \‘»; 9 C
20 3éo~ : : ‘ ‘ 2 & 7 8 9 10 ! e
Tim: . R _L r f} "_ {(m -'— )
(Observation at PSR) Observation at APS (2001)
Longitudinal Mode Coupling Instability
s F
~
= — 2 F
= = g i
| e - o -
y 2D <5} g _
= :‘ = ;%s £ F
1 © o -
. = = E
Longitudinal Position Longitudinal Position %o . T T
e = Iz(R./n,)/(3Bg°hVcose¢,)
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Single Bunch Instability: Longitudinal Microwave Instability

* Longitudinal Single-Bunch Instability Threshold

Estimated e-Ring
impedance

Rin;
*201Q

!Z”/n. |

October 29 — November 1, 2018

n

Z,(n)

eff th

_2z@|n|(E/e)o;

Il

peak

-m JLEIC Electron Ring JLEIC p-Ring

E (GeV) 3.1
1,(A) 113
n (107) 1.31

59.0
1.09

62.35

1.09

0,5 (107) 4.55
e ous
4

Stable

Unstable!

Marginally

Stable

50.6
1.09
9.28

1.16
¢

Stable

Fall 2018 EIC Accelerator Collaboration Meeting

15.6
6.22
3.0
22.5

4

Stable

Estimated p-Ring
impedance
Ring

=0.1 Q

2,/

21
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Mitigation Methods

* Alternative beamline configurations at low energies

— = R
. \

High Energy Ring

Low Energy Ring
[] —

Split Dipoles in the
eRHIC Design

4 | I | I | I I
2 - / T ]
~ 0L |
=
2 Ll A 1
» Split dipole as proposed in the eRHIC design 4]l 5GeV — 10 GeV — 18GeV — |
« Damping wigglers 6 LT o T~
« Landau cavity 4 3 2 -1 0 1 2 3 4

z (m)
October 29 — November 1, 2018 Fall 2018 EIC Accelerator Collaboration vieeting 27 ffa.
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Single Bunch Instability: Transverse Mode Coupling Instability

« Synchrobetatron coupling via transverse wakefield causes frequency shifts for conerent modes

 Observation e Feature: fatal beam loss
Strong head-tail instability (_g =0)

1.0 e ——

- %
O |
o5k \1’
I ‘ ]

1

- ()

|/

1.0
e | — - (brick-wall instability)
T

> 0
et R, —

m

g 2

.| 1 |
0 20 40 60 B8O 100 ) |

| [mA]

October 29 — November 1, 2018 Fall 2018 EIC Accelerator Collaboration Meeting 23 ,
.ggfﬂgon Lab



Single Bunch Instability: Transverse Mode Coupling Instability

* Transverse Single-Bunch Instability Threshold

(should include bunch lengthening effects)
1627 (E /e,

Z, (n)

effth
3 <ﬁJ_ > Ipeak
- PEP-II (LER) JLEIC Electron Ring JLEIC p-Ring

More serious
effects could
take place during

E (GeV)

the bunch
1,(A) 113 59.0 62.35 50.6 15.6 formation
rocess
v, (107) 3.7 0.88 1.46 2.51 5.3 P
<:B¢> 20 13 13 13 64

z | Ma/m] 12 2.25 9.0 63

Machine: M —. M

- Stable Stable
z " <01 MQ/n All Stable

 od
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Coupled Bunch Instability

This instability happens when single bunch coherent motion gets coupled among bunches when there is
long range wakefield.

* Single bunch modes in longitudinal phase space
, Y

. . Higher order
Rigid bunch, A ; AN I 3 s
_ : .- £ bunch shape
oscillation ¥ \ 2 -
oscillation
me) a=2 ms ] m=4
Dipale mode Quadrupole node Sextugole mode Octupole mode
a=1 a=2 a=3 a=4
 Coupled Bunch Modes
Yn W=0 (0" mode) 4 U =2 (*r” mode)
—o— — > — 00— — o — —0— - -~ Vad -
N y \\ /A
| L 1 | l  on I ‘ L / | 4n
0 1 2 3 o \ \y
<’ \Neo
- 1 (sm2 mode) u = 3 (“3n/2” mode)
7 \l | \ / [ \
n \ >N

e

October 29 — November 1, 2018 Fall 2018 EIC Accelerator Collaboration Meeting 25 Jef/fegon Lab
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Growth Rate Estimation

o Zotter’s formula Growth Rate: 7,,=Im(Aw, )

(assumes even bunch fill pattern)

Longitudinal Coupled Bunch Instability (LCBI)

W,a
Aw' =i a %Ibwgn [Z}

“ a4l 3(L/12mRY 2aBX(E, le)w, | n

Frequency shift:
eff

Effective impedance: {ﬁ

for )= pk,+u+av,

b

n

i|,u,a= i Z”((U;’) l’la(a);’)

eff  p=—co (w,,,,/wo) S.(0))

Transverse Coupled Bunch Instability (TCBI)

1 1 B¢’
. 1 . u.a
Frequency shift: Aww = —1 9, bﬁ [Zl e
a+1 204(E, /e)L
o - h(ow -o,)
. wa a
Effective impedance: |:ZJ_:| _ 2 Z (o) b for w*=pk +U+V +av
of Ll (wj__w ) p b 1 s
- a\"p ¢
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Effective Impedance

n o /o, /H'}—J
eff T bunch
irr:s:dlannece P single-bunch  Multi-bunch spectra
mdde spectra Bunch distribution under
- strong electron cooling
Gaussian Bunch Parabolic Bunch
ha a=3 ".' |ha .
=2 1" =
I a=0 ',.\‘a /\I'I I'?\'\ 1
I" | ", n‘ ’ \ "n | .
[ ,./u WAL !
( | | | "| I' 1 | 3
| a1 s
i‘ CES I' 'I ' | l'
BVAVANCD AN 5
/ N
4 < 3":“. F,
2! .ggfﬂgon Lab
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Longitudinal Coupled Bunch Instability

JLEIC Electron-ring JLEIC p-ring

-! co
72.8

T msl 29 0 40 T, [ms] 30.7

* Need feedback

T,, [ms] 31.3 43.5 Caused to damp longitudinal
: (P Ims] - By ZRW| quadrupole mode
t. [ms] 187.4 40.5 5.1 ’ Y CBI
VRF [IMV] 426 * Need to consider
Ve IMV] 0.40 2.02 17.87 growth rate for a
_ Cavity 34 non-parabolic bunch
Cavity 1 2 15 Number
Number

* Here the growth times are calculated using ZAP for ZRF +ZRW (assuming even bunch filling).
» Stability is assessed by comparing the growth time with the damping time ( 1ms)

of state-of-art fast feedback system.
* The combined effects of HOM from both RF and crab will be studied later
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Transverse Coupled-Bunch Instability

JLEIC Electron-ring JLEIC p-ring

10 E [ GeV]
GeV

o lm (16 (27 64 e 7, [ms] 244
resistive wall

t. [ms] 12.8 19.6 359.8 impedance (Cu) T [ms] 805
Ty [ms] 375 31 10.1 Cannot ,L.y [mln] > 30
be improved
Ve MVI 040 2.02 17.87  byHOMdamping Vi [MV]  42.6
: Cavity
NCuan\:lgyér 1 2 15 Number 34
(assume £=1, Av,=3e-04) (assume &=1, Av =3e-04)
October 29 — November 1, 2018 Fall 2018 EIC Accelerator Collaboration Meeting 29
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Two-Stream Instability: Electron Cloud in the JLEIC lon Ring

 Electron Cloud Build-up Behaviors

« Long ion bunch with low rep rate e Short ion bunch with fast rep rate
(in conventional ion ring) (in JLEIC)
\\\\ /l \\\ ,,/
e = ,’é === oooo\&\oo,géoooo
\ v

Short-bunches:

e-cloud build up rapidly and
saturate at an equilibrium
density

r (mm)

October 29 — November 1, 2018 Fall 2018 EIC Accelerator Collaboration Meeting
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Electron Cloud Build-up in the JLEIC lon Ring

» Electron Cloud Build up (K. Deitrick, et al., LINAC2018)

4.5

4

PYECLOUD 351

Results _

6: 25
(1856 bunches < .
followed by L5
126 empty bucket) 1

0.5
0

Table 3: Simulation results for different magnetic elements.

T T T T T T T T
Drift
Dipole 7
Quad
Sextupole sextupole
quad ]
B ‘ dipole ]
I /drift k
e I ! I I I I |
0 0.5 1 1.5 2 2.5 3

time (us)

35 4

Element Ao Pe Avy Avy,
(nC/m) (m~3) (1073)  (107%)
Drift 1.09 1.36x10%  1.06 1.43
Dipole 123 1.53x10"% 120 1.62
Quadrupole 240 2.99x10'% 234  3.16
Sextupole ~ 3.11 (3.87x102) 303 ( 4.10)

October 29 — November 1, 2018

A (nC/m)

2

1.5

—

0.5
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| | [
Stamless Steel

Copper
Partially scrubbed copper

dipole

| | | | |

’O-r;",‘._,.' ‘I
ﬁ‘ e s

2 bunch trains
with a gap

1 2 3 - 5

time (ps)

45
4.0
35
3.0
25
2.0
15
10 W
0.5
0.0

51 Jefferon Lab

—

Electron cloud
distribution in
a quadruple

~/m?]

lectron density [e

(I. ladarola, CERN)



Electron Cloud Effects in the JLEIC lon Ring

 Single-bunch head-tail instability from e-cloud effects

From two-particle model, the instability threshold for the e-cloud density is

270 A
p, = re, =1.7x10"” m™ > saturated density p =3.87x10" m™
" 7r ZCJ 3 :
p Yy
Stable!

* Other e-cloud effects
e e-cloud induced coupled-bunch instability is a concern (as observed in PEPII-LER)
 The behavior of e-cloud build-up varies during the ion bunch formation process

* Even without coherent instability from e-cloud effect, e-cloud could cause incoherent effect of
emittance and bunch halo formation, causing heat load and beam lifetime problem, and
background at IR

=== Require comprehensive numerical modeling

October 29 — November 1, 2018 Fall 2018 EIC Accelerator Collaboration Meeting 32 ,
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Mitigation Schemes for the Electron Cloud Effects

« Surface treatment
— Scrubbing (constant bombardment by electrons reduces SEY)
LHC 25ns bunch spacing for scrubbing run
— Inner surface of entire SNS ring is coated with TiN (SEY reduce by 0.5)

Solenoid confinement of ecloud (~30 Guass)

winding solenoid

-ecloud confined near wall surface
-Applied to field-free region

Clearing electrodes
— Alter ecloud pattern

Better bunch pattern

if e~ tof=1,, = resonce effect

« Better vacuum i e
« Modify chamber geometry (grooves) s| '3'1’
. bk | { i
« Chromaticity s il PP
— Helps to reduce head-tail instability i e oA il

Fast feedback system
— In CESRTA, even after feedback to remove coherent motion, fast emittance growth exists due to incoherent effects.

October 29 — November 1, 2018 Fall 2018 EIC Accelerator Collaboration Meeting 33 ,
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Two-Stream Instability: Fast Beam-lon Instability in the JLEIC e-Ring

o COmolecules
» Scattering of the electron beam with the + CO"ons
residual gas (H,, H,O, CO) in vacuum chamber ) ] 0

could cause ionization of the gas molecules @ - 0

° ° L Ne/fbeam ° -l
0

Figure 4.2: Ionization process.

 Fast ion instability

i +. + -
CEHVARERE R OIAL SR

lons are generated by the head of the bunch and keep R
accumulating until they are cleared by the bunch train gap | * ‘

The ions slices will be dipole kicked by the previous electron s~ N 7
slices and act back on the dipole motion of the trailing electron Electron Bunch train lons
slices, serving as a transverse wakefield similar to the RF HOM
wakes

October 29 — November 1, 2018 Fall 2018 EIC Accelerator Collaboration Meeting 34 ,
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Two-Stream Instability: Fast Beam-lon Instability in the JLEIC e-Ring

* Fast-ion Instability could cause coupled transverse motion of the
electron bunches

-1/4  [i/7 N3/2n2r r1/2L1/2C
Y (t) < |t/T e t/ 7, with T_l[S_l]ZSP[Torr] b bep sep
’ 3/2
! 7 763/2(6 e )/ A2
4 X y

B

Assumption:
* Force between ion and electron beam is linear to their dipole offsets
* Constantion frequency for all ion oscillations

* For realistic beam, Landau damping is considered as a result of
ion oscillation frequency spread due to bunch size variation

C

sepnbabtf;'

/Te 1 -1 -1
y,(£) < €', with 77'=7
’ I 42rL
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Fast Beam-lon Instability in the JLEIC e-Ring

Growth time of FBIl for the JLEIC e-Ring

-—n

0.01 0.11 13.9
T [mS] 0.02 0.1 3.2
2 2
10s or 100 times Comparable
faster to PEP-Il HER case

* Possible mitigation methods:
e Use clearing electrodes---(contribute to the broadband impedance)
* Use chromaticity to damp FBII
e Use multiple bunch trains to reduce the growth amplitude
 Comprehensive numerical modeling of FBIl and its mitigation will be
performed
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PEPII Observation

* Originally envisioned gap: 10% (about 120 buckets)
* Inreal operation, abort-kicker gap: 18 buckets (about 100ns)
* With 16 bucket gap, instability takes place---unstable when colliding,

and stable otherwise

The previously concerned effect
could be shifted due to the combined

action of the transverse bunch-by-bunch
feedback and the Landau damping from

the beam-beam interaction

.
|; ; '}‘l.. 15
i : 1 i |
i
' g L7 S MRS Y | soem pey
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Possible fast ion instability
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Figure 7: Transverse spectra of the HER with 16-bucket
gap (34 ns). Top trace (yellow) is horizontal; bottom trace
(blue), vertical motion. The frequency range is from 20
kHz to 5 MHz and the vertical scale is 10 dB/div in both
spectra.

(Wienands, EPACOS8)
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Challenges on Modeling and Feedback System Needs

» Topics related to bunch train gap and bunch spacing

— Coupled Beam-beam dipole instability in gear change scheme
— Multiple bunch train for mitigation of fast ion instability

— Bunch train pattern for mitigation of electron cloud

— Injection and abortion gap

How the instability would look like, and what kind of feedback system is needed?
« Multi-physics effects and modeling challenges

—Beam-beam tune spread induced Landau damping
— Coupled bunch instability from both RF and crab cavities

— lon effect for the e-beam and electron cloud for ion beam
— Feedback
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Summary and Future Plan

E [GeV] 3 5 10 100

Single bunch

longitudinal instability ‘ ‘
Single bunch ‘ . ‘ .
transverse instability

Coupled bunch Require state-of-art
longitudinal instability fast bunch-by-bunch
Coupled bunch feedback system

transverse instability

Electron cloud OK for TMCI

Question for CBI
lon effects ‘ ‘ ‘
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Future Plan

« Continue with impedance studies

Comprehensive modeling of various effects
— Longitudinal microwave instability, bunch lengthening, etc
— Instability studies for bunch formation process

— Coupled bunch instability from combined effects of RF, crab cavity, electron cloud, ion
effect, and interplay with single bunch distribution

— FBIl and beam-beam tune spread

Mitigation schemes

— longitudinal single bunch instability at low e-beam energies
—FBII

Stability assessment for the whole bunch formation process

Collective Effects in the Electron-Cooler
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Thank youl

October 29 — November 1, 2018 Fall 2018 EIC Accelerator Collaboration Meeting 41 ,
.ggfﬂgon Lab



