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1. Introduction

» Design goals of JLEIC
— Luminagsity: 1033~1034
[cm2s]
— E/(\éig\e/]range of Ey. 30~100

— Wide range of ion species

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

» Special Features of JLEIC
— Figure-8 rings
— High-energy bunched beam
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JLEIC Luminosity Concepts and Instabilities

* 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)
— Enabled by crab cavity and high-energy bunched e-cooling for ion beam

e Goals for Vacuum Chamber Design

— Low broadband impedances: prevent single bunch instabilities
— Damped narrowband impedances: make coupled-bunch instabilities
manageable under fast feedback system

— Avoid excessive power loss and chamber heating



Status of JLEIC Impedance Studies

* In this talk
— Review the current impedance status

— Compare machine impedances with the
theoretical impedance thresholds

— Highlight on-going activities

With limited resources, only incremental progresses were made
since last collaboration meeting



2. Broadband Impedance in JLEIC

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

* Current status of broadband impedance in JLEIC
— Component counts are done (subject to modification)
— Engineering design is in its early phase
— Impedance are estimated using impedance budget of
existing machines for reference



Broadband Impedance Estimation: JLEIC e-Ring

* Component Counts (Courtesy to T. Michalski)

m

Impedance Estimation (Courtesy to K. Deitrick)

Broadband | Reference: Reference:
Impedance PEP-II SUPERKEKB

Flanges (pairs) 1215

BPMs

Vacuum ports 480 Ay sl i EeE

Bellows 480 |z /n [Q] 0.09 002 <010
Vacuum Valves 23 |

Tapers 6 k, [V/pC] 7.7 19

Collimators 16

DIP screen slots 470 ‘Zl‘ [kQ/m] 60 13 =< 0IMQ/m
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



Electron Ring Breakdown (using PEPII elements)

PEP-II
Element L (nH) k (V/pC) MNote
Flanges (Pairs)

0.98 0.06
BPMs

Vacuum ports

Vacuum valves

Tapers/Transitions 0.03

1.80
Feedback Kickers (2972 0.66

Crab Cawities

RF/SRF Cavities

IR chamber 5.00 012
Total 99.24 771 1cm
in Ohms 0.09

(Courtesy to K. Deitrick)

L/L_tot

15%

22%

25%
30%



Broadband Impedance Estimation: JLEIC ion-Ring

¢ omponent Counts (Courtesy to T. Michalski)

(Courtesy to

Broadband | Reference: K. Deitrick)
Flanges (pairs) Impedance | PEP-II
BPMs 214
Vacuum ports 92 L [nH] 97.6
Bellows 559
Vacuum Valves 14 ‘Z”/n‘ [Q] 0.08 <01Q
Tapers 6 k [V/oC
Collimators 16 i | /pC] S8
DIP screen slots : ‘Z ‘ [kQ/m] 30 < 0.1MQ/m
.. 1
Crab cavities 8
RF cav!tles &0 * The short bunch length (1.0cm) at
RF cavity bellows 40 collision is unprecedented for the ion
RF valves 24 beams in existing ion rings

Feedback kickers
Roman Pot
IR chamber

* Bunch length varies through the whole
bunch formation process

R NN



Some Caveats

* The effective impedance

is the overlap of the machine
impedance spectrum with the
bunch spectrum

Bunch Profile under Strong Electron Cooling

* Even though the proton bunch /\
rms size is comparable with that VAL
in PEPII, the bunch profile are FaL

very different -— : ~—

Figure 2: Horizontal (red), vertical (blue) and longitudinal
(green) ion beam profiles based on assumption of

(] We need to see th'S effect Gaussian velocity distribution in all three planes.
on the effective broadband impedance



JLEIC Beam Parameters

ey oov 2 |
P e p e p e

Beam energy GeV
Collision frequency MHz
Particles per bunch 10
Beam current A
Polarization %
Bunch length, RMS cm
Norm. emitt., horiz./vert. MM
Horizontal & vertical B* cm

Vert. beam-beam param.

Laslett tune-shift

Detector space, up/down m
Hourglass(HG) reduction

Luminosity/IP, w/HG, 103  cm2s-"

40

0.98
0.75
80
3
0.3/0.3
8/8
0.015
0.06
3.6/7

3

476

1

3.7

2.8

80

1
24/24
13.5/13.5

0.092
7x104
3.2/3

2.5

100 5
476
0.98 3.7
0.75 2.8
80 80
1 1
0.5/0.1 54/10.8
6/1.2 5.1/1
0.015 0.068
0.055 6x104
3.6/7 3.2/3
0.87
21.4

Detail parameter lists for E,,=100 GeV case will be available soon

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



Machine Impedance vs. Threshold Impedance

* Longitudinal Single-Bunch Instability

2
‘Zl(n) 27r|n| (E/e)o;
eff th peak
- PEP-II (LER) JLEIC Electron Ring JLEIC p-Ring
E (GeV) 3.1
I,(A) 113 59.0 62.35 50.6 15.6
n (107) 1.31 1. 09 1.09 1.09 6.22
o5 (10°") <80 278 > 455 9.28 3.0
th
z /'@  0.145 - - 1.16 225
4 &
Stable UnstableI Margmally Stable Stable
Estimated e-Ring Stable Estimated p-Ring
Impedance: Impedance:

Rin.
*201Q

!Z”/aning =~0.1 Q |Z”/n




Mitigation Methods

Alternative beamline configurations at low energies

High Energy Ring

Low Energy Ring
el s

Split Dipoles in
the eRHIC

Y Design
2F — -
Er |
M g
* Split dipole as proposed in the eRHIC design | Fgey — 10Gev — 18Gev —
« Damping wigglers £ |11 N
« Landau cavity 4 3 2 -1 0 1 2 3 4



Machine Impedance vs. Threshold Impedance

* Transverse Single-Bunch Instability

Z, (n)

eff th

16327 (E/ e,

(should include bunch
lengthening effects)

3 (B e

- PEP-II (LER) JLEIC Electron Ring JLEIC p-Ring

E (GeV) 31
I,(A) 113
v, (107) 3.7
(B.) 20
z " MQ/m] 1.2
o

Stable

Machine: e-Ring
Ring
z | <01MQ/m

59.0 62.35 50.6 15.6

0.88 1.46 2.51 5.3

13 13 13 64

0.81 2.25 9.0 63

—.— 4
All Stable Stable

More serious effects could take place
during the bunch formation process

Machine: p-Ring
z ["<0.1MQ/m




Broadband Impedance for Other Lepton Rings

—
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Broadband Impedance for Other lon Rings

* RHIC (measurement) (7 /n)~15 [] (blue ring)
Im(Z”/n) =5.4 [Q2] (yellow ring)

(“Longitudianl Impedance of RHIC”, M. Blaskwicz, etc)

Im(Z;’ﬁ /n) ~13.79 [MQ /m] (blue ring)
Im(Z;ﬁ /n) ~14.01 [MQ/m] (yellow ring)

(“Transverse Impedance Measurement in RHIC and the AGS”,
N. Biancacci, etc)

* LHC (measurement)
Im(z|| /n):0.08 [Q]

(“Beam Measurement of LHC Impedance...”, J. F. E. Muller, etc)



3. Narrowband Impedance in JLEIC

 RF Cavities
—PEPII RF cavities
—lon ring cavities
— Crab cavities

» CBI Growth Rates vs. FBS Damping
Rate



Narrowband Impedance: JLEIC e-Ring RF Cavity

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

1000 I I —+—
a) fundamental, TMO10 —— MAFIA T3 simulation
X bench measurement
100 radiation damping threshold
- - - multibunch feedback threshold

10

1

0.1

Longitudinal impedance (k Q)

001

0.001
1000 E

1.33 GHz 142 GHz
IM110 TEI21 \ \ TE beam pipe cutoff

)‘ bt i
PEP Il cavity P
476 MHz, single cell, i ]

1MV gap with 150 kW, s 10 15 20 2
strong HOM damping,



Coupled Bunch Instability: JLEIC e-Ring

Longitudinal CBI

A

_, [ms] 72.8
Ty [mS] 31.3 43.5 466
187.4  40.5 5.1

T, [ms]

Ver IMV]0.40 2.02 17.87

Cavity 1 2 15
Number

e (Calculated from ZAP
* Growth times for ZRF +ZRW

* Even bunch filling (assumed)
e Damping time from FBS :~ Ims
* Crab cavity effect will be included later

Transverse CBI

(P
¢ [ms] 12.8 39.8
7, [ms] 10.1
RF [MV] O
Cavity 15
Number
(assu e 6=1,Av, =3e-04)
due to ‘ Cannot
resistive wall be improved

impedance (Cu) by HOM damping



Narrowband Impedance: lon-Ring RF Cavity

* 956 MHz 2-cell Cavity

R (€2)

1.E+10 -
LE+09 A
1.E+08 -
1E+07 A
1.E+06 -
LE+05 A
LE+04 A
1.E+03 A
1.E+02 A
LE+01

1.E+00

1E-01

as tradeoff between accelerating
and HOM-damping efficiency

——wakefield simulation (extrapolated after 500 m wake length)
e |ossy Eigenmode simulations
= - =TMO1 cutoff

causes LCBI

]

i o —

0.0

0.5

1.0 15 2.0 25 3.0 3.5
frequency (GHz)

4.0

(Courtesy to F. Marhauser)
HOM endgroup

Ry, (€/m)

1.E+08 -
1.E+07 -
1.E406
1.E+05
1.E+04
1.E+03

1.E402

1.E401

FPC stub to symmetrize fields
(minimize coupler kicks)

—— 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

1.0 15 2.0 2.5 3.0 35 4.0
frequency (GHz)



Narrowband Impedance: lon-Ring RF Cavity

R (€2)

1LE+10
1.E+09
1.E408
LE+O7
1.E+06
LE+05
1.E+04
1E+03
1.E402
LE+O01
1.E+00

1E-01

0.0

956 MHz 2-cell Cavity

0.5

——wakefield simulation (extrapolated after 500m wake length)
o lossy Eigenmode simulations
= =TMO1 cutoff

1 reduced LCBI growth rate

¥

T T T

T £ ) T
1.0 1.5 2.0 2.5 3.0 35
frequency (GHz)

4.0

Ru (Q/m)

1.6+08 -
1.6+07 +
1.6+06 -

1.E+05 +

1.€+04

1.6+03 +

1.6+02

1.6+01

(Courtesy to F. Marhauser)

waveguide couplers

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

——wakefield simulation (vert. pol. HOMs, extrapolated after 500 m wake length)
e |ossy tigenmode simulations

=+ =TE11 cutoff

0.0 0.5 10 15 20 2.5 3.0 35 4.0
frequency (GHz)



Coupled Bunch Instability: JLEIC p-Ring

Longitudinal CBI

oo i

* Need feedback * Need to consider
to damp longitudinal growth rate for a
quadrupole mode non-parabolic bunch

CBI

Transverse CBI

T, ms] 244

T, [ms] 805

T, [min] >30

VRF IMV] 42.6
Cavity 34

Number

(assume £=1, Av =3e-04)



Effective Impedance

single-bunch  Multi-bunch spectra
mode\spectra

Bunch distribution under
strong electron cooling




Crab Cavities in JLEIC

Proposed number of cavities are 2 at electron ring and 12 at ion ring.

Transverse-X 4 Transverse-Y ¢ Longitudinal

1.00E+03

Fundamental mode
1.00E+02 g

E 1.00E+01 . _
£ H A A .
= . 4 4 ‘
g . .
= 1.00E+00 5 .« %o
A L ] L
A A
A “a . .
1.00E-01 SOM L.
o> A o
- Some port modes present =
g 1.00E-02 .
500 1000 1500 2000 2500 3000

Frequency [MHz]

FunJgn:antal power coupling through beam pipe.
HOM damping through coaxial electro-magnetic (Courtesy to HK Park)
coupling and wave guides

Transverse X modes requires further damping

through beam pipe



win

Wakefields — Longitudinal Do
1.00E+05
Zthresh. — i;%
! N¢ f||,HOM Iyats 1.00E+04

E 1.00E+03
E, GeV 7 100 =)
[
o
Qs .009 .054 5
?
I, A 3 75 g 1.00E+02
a GeV/c 1.09x103 5.26x103
Ts ms 3 - = -Thresh Long p
% 1.00E+01
"t - )
v,
1.00E+00
500 1000 1500 2000 2500 3000 3500
Frequency [MHz]
. i JLEIC Collaboration Meeting 8 April 1-3, 2019 .!gﬁon Lab
2 <N

(Courtesy to HK Park)



Wakefields — Transverse Y

1.00E+07

2E, p 100GeV 0.75A /

N¢ frevIbByTy

thresh. _
Zy =

e 10GeV 0.75A

— 1.00E+05
E e 7GeV 3A
E
S
E,  Gev. 7 100 o 1.00E+04 }
I, A 3 .75 B
©
a
By m 3 E  1.00E+03
frew  kHz 139
Ty ms 3 1.00E+02
\ > & &= -
' ” ——Y = =-Thresh-Ye7GeV3A - - -Thresh-Y e 10GeV 0.75A Thresh-Y p 100GeV 0.75A
1.00E+01
0 500 1000 1500 2000 2500 3000 3500
Frequency [MHz]
D . JLEIC Collaboration Meeting 9 April 1-3, 2019 _!gf;—rgon Lab

(Courtesy to HK Park)



Wakefields — Transverse X

ik

[DMINION

UNIVERSITY

1.00E+07
Zéhresh. — i 2Eb
Ne¢ frevlpBxtx 1.00E+06
N. i 4 24 —  1.00E+05 e
E l, - — - - -
Ej GeV 7 100 £ k
-
I, A 3 75 % 1.00E+04 itk iy
o ! |
= l
By m 200 450 -‘.5 X
Q
frew kHz 139 £ 1.00E+03
Ty ms 3
_ olian = 1.00E+02
& \
; 1.00E+01
0 500 1000 1500 2000 2500 3000
Not fully resolved Frequency [MHz]
> JLEIC Collaboration Meeting 10 April 1-3, 2019

.

(Courtesy to HK Park)

e 10GeV 0.75A

p 100GeV 0.75A

e 7GeV 3A

3500 4000
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4. Ongoing Designs

IR Chamber
Shielded Bellows in IR region
Collimators
Roman Pot



IR Region Vacuum Chamber

JLEIC IR Chamber CAD Model (Courtesy to F. Marhauser)

Hexahedral mesh (wakefield simulations)
utilizing 1/4 symmetry

Monopole Modes Dipole Modes

impedance Monopole mode spectrum

(Ohm) ——wakefield calculation (500 m) ® Eigenmode calculations 'npedance
1.E+07 - (Ohm/m) ——wakefield calculation (500m) e Eigenmode calculations
J E+08 - J
1.E+06 - J #
/ E+07 - .
——
9 o | Long. Loss Factor (o =30 mm) =0.185 V/pC | .
1.E+05 9 ° [E+06 - 2
[ ]
1.E+04 - E+05
.
E+04 4 J H
1.E+03 4
[E+03 -
1.E+02 A
[E+02 A
1.E+01 T T T t t T —
0 05 1 15 2 25 3 35 4 E+01 ' ' ‘ ‘ ' ‘ ‘ ‘
0 0.5 1 15 2 25 3 3.5 4

frequency (GHz) frequency (GHz)



IR Region Vacuum Chamber

(Courtesy to M. Wiseman) o Benlumcentral i
2_% NG e
2018 IR vacuum chamber had ‘
large beam impedance St /d' L=
— Calculation by F. Marhauser 2006 Wl Lotz e

2019 IR vacuum chamber

— “Cone like” transitions from beam
tubes to the central beryllium IR

chamber
— Synchrotron mask unchanged (1000 "\tE)lectron
mm from IP, 24 mm ID/10 mm long ) IP Point cam

— Design in progress and impedance
calculations still to be done

2019 IR
Chamber
40 mm ID ion beam entrant tube “C 60 mm ID. 200 mm st Synchrotron
o radiation mask
beryllium central chamber

~2390 mm
60 mm ID electron beam entrant and exit tube

60 mm ID ion beam exit tube



IR Region Combined Shielded Bellows

Bellows required between the beam
transport cryostat and the IP vacuum
chamber to allow for assembly and
thermal contraction of the cold beam

lines in the cryostat
Close beam tubes require unique
design

— Individually shielded beam tubes

— Single bellows around both beam tubes

Beam Transport lon
Cryostt

Electron

Beam
— Common vacuum and flanges Vacuum
— Based on PEP-II shielded bellows design flanges Welded
New lattice moves the design shown Bellows
~40 cm further away from the IP Vacuum seal |
— Increases the beamline separation between
— Also want to increase the ion beamline  flanges
diameter RF seal
Impedance calculations still to be between
done flanges for
each tube
) Sliding RF
(Courtesy to M. Wiseman) fingers

Beam



Conceptual JLEIC Collimators

s O\ (Courtesy to B. Crahen)

Symmetric water cooled jaws
moved by thrusters extended
into the chamber through
bellows. Water enters and
leaves through thruster shafts.
\ Overall length ~2 meters. /

Flexible contacts

Jaw- Carbon Composite?
Copper? HOM will require
some loss mechanism.

1

80mm round to 80 mm

square transition. The T o~ T~
square section allows use Vacuum space model has Contact finger. Fixed
of single wide “finger” been generated and to the jaw, captured
submitted for impedance . s
: sliding contact at the
analysis .
housing end.




Roman Pot

The Roman Pot is an experimental technique for detection of forward
protons from elastic or diffractive scattering.

+ Cylindrical RP
s Shielded RP

Y oW s u
© =] ° [=]

Heating (W)

5 10 15 20 25 30 35 40
Distance from beam (mm)

Distance from 20 fraction of fraction of

SZlong S Zjone e gz driving o Heatin
the ”Q (%)L%C \Sf/ltéa/ns 3(Zx)LfIT{C [W] &
beam [mm] [m€2] (90 m§) IM/m] | o5 MQ/m)
BoxRP 1 17 <1.9% 0.15 <06% 62
40 (garage) 0.41 < 0.45% 10
1 26 < 2.9% 0.15 <06 % 241
LongBoxRP 40 (garage) 0.45 < 0.5% 39

Table 1: Main results of the simulation of the present box RP (BoxRP) and the rotated box RP (LongBoxRP). The
effective impedances are compared with the total value estimated for the present LHC impedances.

(N. Minafra, CERN)



Roman Pot: Narrowband Impedance

[N
o

[
(=)}

Zlong (kQ)

[y
3]

10 ;

Freque%iscy (GHZ)3

*For LHC, the dark area is beyond bunch frequency range (bunch rms length=7cm)
*For JLEIC, the dark area still contributes

(N. Minafra, CERN)



5. Summary of JLEIC Impedance Status

We are at the beginning phase of impedance studies

Broadband impedances

— Preliminary estimations are done by referencing existing machine
impedance budget

— Comparison with instability threshold indicate weak areas

Narrowband impedances
— New ion ring cavities are designed

— Growth rates for CBI are computed and compared with feedback
damping rates

— Crab cavity design and HOM results

Engineering Designs for various components are underway



Thank You!



