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Wakefields and Impedance

_}
® The Coulomb field of a relativistic electron appears £ i
“flattened” into a pancake shape.
* These fields must also satisfy boundary conditions : A ; aq,
on vacuum chamber walls.
® The new boundary conditions result in EM fields (2) stationary charge (b) relativistic charge  (c) ultra-relativistic charge

behind the exciting electron (since v ~ ¢) which
are called wakefields.

www.public.navi.mil
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Changes in vacuum Rearrangement of fields to
chamber cross section — satisfy new boundary conditions
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Wakefields and Impedance

-, & ®  The FT of the wakefield is
eS¢ ®—>v=c called the impedance.
I, z  Testelectron ~ ~ ~ ~ ~ ~ ~ " Driveelectron ~ = " |’
Z(@) = = | dgei@s/ewy(§)

® The test electron energy changes because of the EM fields of drive § = Zdrive — Ztest
electron.

® This energy change can be characterized in terms of wakefields.

(B)= i J7o dsEz = — Wy (., 2))

energy change wakefield

® The strength of wakefields depends upon the conductivity and the cross-section variation of the
chamber.
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Effects of Longitudinal Impedance

Broad band impedance Heating of vacuum chamber
(short term wakefield) components due to energy loss

'« Buch lengthening
« Microwave instability

Component damage

o Y/ o Y

Increase in energy spread
(not a severe effect)

r

Narrow band impedance « Heating of cavities }
(long term wakefield)

[- Increase in emittance }

Multi-bunch instabilities ]
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Polarimeter Geometry and
Simulations with RHIC Beam

o =540mm, Q,= 2 x 10'e =32.04nC, M = 120




Polarimeter Geometry

Simplified geometry with a single target for simulation.

Picture and geometry: Karim

_ 4-target holders
« No carbon fiber

Aluminum

Aluminum

L=2231.14 mm
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HSR Polarimeter: Material Properties

Conductivities

e Alumium = 3.56 X 107 S/m
e Steel 316L = 1.351 X 10° S/m
* Alumina (96% lossy), €, = 9.4, tané = 0.004

' Housing: steel 316L
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RHIC Beam Parameters for Polarimeter

- Beam Parameters for CST simulations: ¢ = 1.8 ns = 539.6 mm, Q, = 2 x 10'te = 32.04nC, M = 120

Beam-induced target depolarization Bunch-induced depolarization at RHIC and EIC

Courtesy: Frank Rathman

Bunch structure

RHIC situation:

@ Time period between two adjacent bunches: 7, = = = 106.57 ns
[ @ Number of stored bunches N, = 120 ]
e Bunch frequency f, = + = 9.3831 MHz

-

@ Large number of harmonics contribute to induced magnetic high-frequency
field close to RHIC beam, as bunches are short (o ~ 1.8 ns)

%1071° Two bunches

6
Z4 -
£ ™= g = 106.56 ns
= {
S|

0 P

1.16 1162 1.164 1.166  1.168 1.17 1172 1174
Time t [s] «105
Absolute hadron beam polarimetry at EIC Frank Rathmann (frathmann@bnl.gov) 15/63
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Beam-induced target depolarization Bunch-induced depolarization at RHIC and EIC

Single bunch distribution

@ (Gaussian) bunch in RHIC

Single Gaussian bunch, RHIC nominal conditions

8 \

Te (250 GeV) = 12.780 pis Iy = 0.301 A
<6 fun(250GeV) = 78.103 kIIz F0)=697TA
E: (o3 = 1.83 ns
54l Q=20-10"e = 32.044 nAs .
; \

A 2- 1
0 1
-1 -05 0 05 1
Time [s] «1078

Pulse shape described by

()= 2o (s ®)

Frank Rathmann (frathmann@bnl.gov) 17/63

Absolute hadron beam polarimetry at EIC




Target with Fine Mesh Resolutions

« Beam Parameters for CST simulations: ¢ = 1.8 ns = 539.6 mm, Q, = 2 x 10*te = 32.04nC, M = 120

 The mesh size around the target materials is ~ 0.5 mm.

Total mesh cells 22.66 Millions

Wakefield Mesh

Meshcells 22664505
Meshplane at X 0.000 mm
Symmetry planes  none

k:.‘ Brookhaven
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Mouse At

XYz 0.000, 375.426, 1117.633 mm
X, i, iZ 128 260,411
dX, d¥,dZ 0546, 0000, 0.000 mm
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Mesh size ~ 0.5 mm
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Wakefields comparison: ¢ = 539.6 mm

« Compared the longitudinal wakefields for two different target holder materials: aluminum (metal) and

alumina (dielectric).
» The dielectric target holder reduced the amplitude of the wakefields significantly (no oscillations).

Wake potential
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Impedance Comparison: ¢ = 539.6 mm

« Alumina (Al,O,) target lowers the both real and imaginary part of the impedances by a factor of ~ 6.

Wake impedance Z [Real Part]

8 : : : : : : : : : Wake impedance Z [Imaginary Part]
1 1 1 1 5 E E E . 80 . .
71 I o i [ = Z_RHIC_Aluminum_Target [ "y 7" ; ; ; ; ; ; ; | ;
6 ------------- ------------- —Z_IRHIC_DieIIectric_Talrget - ------------ Z4' R """"""" —— Z_RHIC_Aluminum_Target """""" from
T e S e N S R 60 1o
S e T
£ i i i i i i : | i
£ : : : : : : : : :
o o I e
— = | | | | | ' ' '
N o : : : : : : : | :
—~ 1 1 1 1 , 1 1 : 1
T s S g e
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10 v g B s T
0 BT e O L Uy Y S SRR
-3 : : : : : :
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RW Loss Comparison, RHIC beam

 Simulations with RHIC beam: ¢ = 1.8 ns = 539.6 mm, Q, = 2 x 10''e = 32.04nC, M = 120

 Longer RHIC bunch results mostly the same total RW loss.

Power in W [Real Part]

0.06 : : : :
Metal loss in Aluminum : 0.0040143165
0.05 | |Metal lossin SST316L : 0.055870354 | " : | |
T T e S R L
g 0.03' ______________________________________________________________________________________________________________
0.02 - Aluminum target holder ¢ ¢+ ¢+ |
e T S Rt LS M
0 ; : : /_ : :
5 10 15 20 25 30 40
Time / ns
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Metal loss in SST316L : 0.057582632
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Time / ns
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Simulation with the EIC Proton
Beam Parameters:

o=60mm, Q,=2x10"e =30.5nC, M = 290




Mesh Convergence

0.1 f------
« Wakefields simulation with ¢ = 60 mm, Q, = 30.5nC,
0.05 -+
M = 290 N
* Mesh size ranges from 0.5 mm to 5 mm for nominal s T
case (54.6 Mills) 005
« Good agreement between two mesh resolutions. e i | i
l —— Z_EIC_Para_Aluminum_Target_Mesh_54.6 Mills
--- Z_EIC_Para_Aluminum_Target_Mesh_78.1 Mills
-0.15 : : f i f
-1000 0 1000 2000 3000 4000 5000

s/ mm

E——

Mouse At
E LY.L 0.000, 360,821, 994.192 mm
LIV, IZ 167, 291, 662

f di¥, dY, dZ  0.646, 0000, 4.997 mm

Wakefield Mesh

Meshcells 54656784 4
Meshplane at X 0.000 mm 3
Symmetry planes none j
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Good Agreement between Two Codes
(w/o target)

« Gang Wang ran the wakefields simulation of the same geometry using another code ECHO 3D.
« Observed a very good agreement between two codes.

Wakefield comparison for the HSR polarimeter

0.04 - — ECHO
— ST
0.02 -
g o = 60 mm,
= 0.00-
S \ 0, = 30.5nC
—0.02-
—0.04 - U

National Laboratory 16
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Wakefields/impedance Comparison: Metal vs
Dielectric

« The amplitude of the longitudinal wake is much lower in case of dielectric target.
In addition, the low frequency resonances observed in the metallic target holder is washed away.

Wake potential Wake impedance Z [Magnitude]

0.15 : ‘ 800
—— Z_EIC_Para_Aluminum_Target | i i i i
—— Z_EIC_Para_Dielectric_Target 700 {-oseseeseeaess SOOI | O S— — —— Z_EIC_Aluminum_Target f-----------
0.1 : ‘ —— Z_EIC_Dielectric_Target
600 Y FA R _i_._.__________\.______.______4_.____________;______________i. _____________________________

0.05 -

Wi(s) / V/pC

-0.05 ¢

-0.1
0 T : ; : : : i
0.15 : : : ; ‘ 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
-1000 0 1000 2000 3000 4000 5000 Frequency / GHz
s/ mm
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Impedance Comparison: Metal vs Dielectric

» The dielectric target help to wash away the resonances observed at lower frequencies.

800

Wake impedance Z [Real Part]
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400ﬂ --------- =
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________________________________________________________________________________________

-200

LR IS R -
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RW Loss Comparison: Metal vs Dielectric

» The dielectric target holder reduces the RW heating significantly. Also, the total RW loss starts to saturate.
« However, in the metallic target, the RW loss is increasing monotonically (potentially due to oscillating

wakefields).
EIC proton beam: o = 60 mm
Wake-length: 5 m
Power in W [Real Part] Power in W [Real Part]
16 oo — Metal loss irin Aluminum o O —
—— Metal lossinSST316L | & i

L .

P E— SR S— SO S —

T E— O — . S —

0 5 10 15 20 25 30 , , , , ;
Time / ns 0 5 10 15 20 25 30
Time [/ ns
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Simulations Comparison with Long-
range Wakefields and Impedances




Comparison S/L-range Wakefields: 5m/20m,
RHIC Beam

* Observed continuous wakefields oscillation up to 20 m wakelength with the aluminum target holder.
« Amplitude of oscillations remains the same as that of 5 m.
o = 539.6 mm

Wake potential

0.005 .
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L ™y L # ] fa L i " o LY A
% 0 4-- o .'. ‘.i. . .,". .“1 . _:;_";_ 4 “. . ,"'. .“u. " .\“‘. . !". ‘.'t. . .p:. \‘; . ’:."';. . f‘f.‘.“. ,"f .""-_. . .-r'.' .“‘ .
= LU T A O L O R O O - O L N S S A O !
W ‘n.-" %/ e S s g “."‘ L [ LW “
0,00 e oo
0,002 e oo
20,003 oo o
-0.004 | | :
-5000 0 5000 10000 15000 20000
s/ mm
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Long Range Wakefield: 20 m, EIC Beam

 EIC Beam parameters: ¢ = 60 mm, Q, = 30.5nC, M = 290

* Observed continuous wakefield oscillations up to 20 m wakelength with the aluminum target holder.

Wake potential

0.15 .
ot e S— S—
0.05 - : x B ISR -3 Y . DA S : & TSN U | R | I
@) i :
o : :
= : :
- 0 ; A ot
= i
-0.05 - |-
0.1 ' U ’ ’ ' |
—— Z EIC_Para_Aluminum_THolder 20 m U ;
. —— 7 _EIC_Para_Dielectric THolder 20 m
-0.15 i f i i i i i i ; l
-2000 0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

s/ mm

I k:} Brookhaven
National Laboratory



No Difference in Impedances for RHIC Beam:
5m vs 20m

Wake impedance Z [Magnitude]
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80 dooeoeo ES— (SSRSSSR SOOI SES— = e
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[e]
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3 N S UOO_song S S S S O O S
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Huge Difference in Impedances for the EIC

Beam:

o=60mm

G‘ Brookhaven

National Laboratory

5mvs 20 m

Wake impedance Z [Magnitude]

3000 . . .
: : : ; —— Z_EIC_Aluminum_THolder 5m |}
2500 -+ ' B St R T : o
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2000 — T e e
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—— H H H H H H H H
N : : : : : : : :
1000 | | L . B
500 1
0+
0
Frequency / GHz
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00 g e —— Z_EIC_Dielectric_THolder_20 m |
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RW Loss Comparison: 20 m, EIC Beam

» The dielectric (alumina) target holder reduces the RW loss significantly and it starts to saturate.
» However, the RW loss is increasing monotonically, which could be due to oscillating wakefields.

Power in W [Real Part]

60 ; Power in W [Real Part]
) — S = — SO . S A MU SRS S — T
i | —— Metal loss in Aluminum | | : | | | | |
40 oo — M?tal loss in :SST316L __________________________________________________________ R B o o
' : ; ; N S oot SO SRS R —— -------------- --------------
= 11 [ ES O S S SR S : : L = : : — :
. i | =——Metal loss in SST316L | :
Metallic T-holder 3 g | 5 5 | """""""
201 : : o e ] S SR B
10. N AN N R Dielectric T-holder @
0- | : : : : : : 0 ' ' ' ' 5 ' '
0 10 20 30 40 50 60 20 80 0 10 20 30 40 50 60 70 80

Time / ns Time / ns
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Wakefield Comparison: metal vs dielectric
(s =40 m)

 0g=60mm, Q, =30.5nC, M =290
e Simulation time: > 35 hours




Impedance Comparison: metal vs dielectric
(s =40 m)

5000

Wake impedance Z [Real Part]

| : | : = EIC_Para_40mWake_Dielectric_T_Holder
S T SR T IR —— EIC_Para_40mWake_Metallic_T_Holder f-----------

E R —,—,, o

1 forssrressas e

2000

Z / Ohm

1000 ¢

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
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Wake impedance Z [Imaginary Part]

4000
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—— EIC Para_40mWake Metallic T Holder

3000 +

2000 +

1000 +
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-1000 +
-2000 -

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr — Imatéginaryparté rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr s

-4000

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

0
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RW Loss Comparison: Metal vs dielectric
(s =40 m)

The dielectric (alumina) target holder reduces the RW loss significantly and it starts to saturate.

 However, the RW loss for the metallic target holder increases monotonically, which could be due to
oscillating wakefields.

Power in W [Real Part]

100 | : : | : : . " Power in W [Real Part]
—— Metal loss in Aluminum ; : : : ; ; : : : ;
80 1 —— Metal loss in SST316L [~ i ppfirerrssse oo -7 SNSRI NSO SOOI [SNUE SRR R SIS S
3 N S A 10 N E— — 5 S D B NS =l AR R
= . Aluminum T-holder z Dielectric T-holder
40 - : ’ ’ : N I o SRS N SN SO B S
—— Metal loss in SST316L
20 - 8 O S O S S
0 - ! ' - ! ' ' 0 : : : : : : :
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
Time [/ ns Time [ ns
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Analysis for the Shifted Target Holder




Dielectric Target Shifted Positions

Wake potential

0,06 d-meemmmeemeeeeeees ................... ......... —— Z_Dielectric_TarHolder_Displacement_0 mm  |..............
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3 : : : : —— Z Dielectric_TarHolder_Displacement_76.2mm|

S e i et
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0.08

+  Amplitude of the wakefields )\ fffffffffffffffffff A T R N L
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target holder. 006 . - ; ; ;
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Brookhaven Initial target holder position Shifted tar holder, 38.1 mm Shifted tar holder. 76.2 mm 20
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Dielectric Target: Shifted Positions

The amplitude of the real and
imaginary impedance decrease
with the shifted target holder.

The no displacement case (or
the initial position) seems more
detrimental.

National Laboratory
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Summary and Future Work

©

Performed CST simulations for the HSR polarimeter using both the EIC and RHIC beam
parameters.

Simulated geometry contains only one target holder.

Compared wakefields and impedance, and the beam induced resistive wall (RW) loss between
the metallic and dielectric target holders.

The amplitude of the wakefield and impedances reduces significantly while using the alumina
(dielectric target).

The beam induced RW loss:
 RHIC beam: seems comparable for both target holders.
« EIC proton beam: we observe clear advantages of using the alumina target holder.

The impedances for the polarimeter can be minimized by optimizing the target holder positions.
Future work will focus on investigating dielectric target with metallic coatings.

Brookhaven

National Laboratory 32



Back Up Slides

33



HSR Polarimeter Wakefield up to 100 m

« Wakefields simulation with ¢ = 60 mm, Q, = 30.5nC, M = 290
« Mesh size slightly reduced: ranges from 0.6 mm to 7 mm (22.2 Mills)

 Simulation time: about 25 hours

Wake potential
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HSR Polarimeter: Impedances (s = 100 m)

Wake impedance Z [Real Part]
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8000 +
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HSR Polarimeter: RW Losses (s =100 m)

« Wakefields simulation with ¢ = 60 mm, Q, = 30.5nC, M = 290
« The beam induced resistive wall losses still didn’t observe saturation (unfortunately).

Power in W [Real Part]
250

200 foomrmrmmmeemene e """ — Metal loss in Aluminum

. — Metal loss in SST316L : : . :
150 - T
= : : : :
T et
) — S E— S E—— T
0- . i i i i i
0 50 100 150 200 250 300 350
Time / ns
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Closed Opening: No Crucial Difference

« 0=60mm, Q, =30.5nC, M =290
No significant difference between wakefields and impedance between open and closed position

with metallic target holder.

Wake potential

——Z Closed

WiI(s) / V/pC

Round clearance at target holder

2000 2500 3000 3500 4000 4500 5000

e/ mm

-500 0 500 1000 1500

Wake impedance Z [Magnitude]

-------------------- | e e Es e

Q | " p : - + e L No round clearance, closed position 37
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Material Properties

Alumina (96%) (lossy)

Type Norma
Epsilon 04
7 Electric tand 0.0004 (Const. fit)
. Copper = 5.8 x 107 S/m
. Rho 3800 [kg/m*3]

° Alumium = 3.56 X 107 S/m Transparent for particles no (auto)
Thermal cond 25 [W/K/m]

® Steel 316L = 1.351 X 106 S/m Specifc heat 880 [J/K/kg]
Diffusivity 7.47608e-06 [m*2/s]
Young's modulus 300 [kN/mm*2]
Thermal expan. 7 [1e-6/K]

. Aluminum and Steel (conductivity)
Electric Dispersion: Nth Order Model, N=5 (Constant Tangent Delta Fit)

. Alumina: epsilon, epsilon prime 10
e T T e ; - s SRS
«  CST Library (conductivity at 1 GHz), omega * A S R S TS S S| s A S

. . . . . ; ; : ; ; i|— Eps' (Fit) :

epsilon”*epsilon_0 = 2pi*f, (f = 1 GHz) * epsilon”*epsilon_0 745 i —Eps TangD (Fi) |
. Epsilon_0 = 8.856*10"-12 6 """""" """""" """""" """"""
S
. Investigate the size of the target holder R Bl L
£ NN SN SN R A S S SRS S S
R S R St
l_ _______________________________________________________________________________________________________________

0
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