Optimization of CW Polarized Positron Source for JLab

Sami Habet

IJCLab & JLab

May 16, 2023

This research work is part of a project that has received funding from the European Union's Horizon 2020 research and
innovation program under agreement STRONG - 2020 - No 824093

WCuo . STRQNG

- Iréne Joliot-Curie
Jefferdon Lab Laberaple e Physive HARSL

Sami Habet 1JCLab & JLab

The 2023 International Workshop on Future Linear Colliders (LCWS2023) lon29



@ Target optimization oo s i 0057

I

|

N
A

Y

Sami Habet 1JCLab & JLab

The 3 International Workshop on Future Linear Colliders 20n29



@ Target optimization

@® Collection system

Sami Habet

I

@ strong Solenoid
Warm Cavity 1 MV/m & 0.05 T

|

P
10 :(()m) 30 40

1JCLab & JLab

The 2023 International Workshop on Future Linear Colliders



@ Target optimization o o ertes
@® Collection system
| II\M/ b
. . ‘ 4 A\ 74 A\
© Momentum collimation MMJ
0 10 20 30 40

Sami Habet 1JCLab & JLab

The 2023 International Workshop on Future Linear Colliders



@ Target optimization
@® Collection system
© Momentum collimation

O Longitudinal optimization

Sami Habet

ositron njector Layout

¢

I

® Dipoles
@ Quadrupoles
c100

e

1JCLab & JLab

The 2023 International Workshop on Future Linear Colliders (LCWS2023)

20n 29



@ Target optimization

3
@® Collection system ’
’E‘ 1

>
©® Momentum collimation °
-1
-2

O Longitudinal optimization

© Conclusion

Sami Habet

® Dipoles
@ Quadrupoles

® Pipe
@ Strong

Solenoid

Warm Cavity 1 MV/m

c100

S
10 SZI()m) 30 40

1JCLab & JLab

The 2023 International Workshop on Future Linear Colliders



Target optimization
@00

Outline

@ Target optimization

Sami Habet

The 2023 International Workshop on Future Linear Colliders



Target optimization
oeo

Target optimization

Unpolarized mode

e Efficiency : € = xeir

| T,=120MeV, t, =4mm, Z=74, A plp = + 10% I
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Unpolarized mode Polarized mode
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Quarter Wave Transformer

® Reduce the transverse
angular divergence
Xp = pX and y, = —.

Ly:Short solenoid length

° Rotate the transverse ® B;: Magnetig field in L;

phase space (x, x,) and ® R: Accelerator aperture
(v, ¥p) at the exit of the
QWT. .
® Use a QWT as an energy %
filter. i
e QWT acceptance : % el 1 — .
® Radial acceptance e
rQWT — B R
"o

o Transverse acceptance
QWT __ eBR
Pt = "
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Quarter Wave Transformer

® Reduce the transverse ® [1:Short solenoid length
angular dlvergence ® B;: Magnetig field in L;
Xp = pX and y, = —.

® R: Accelerator aperture
° Rotate the transverse

phase Space (X, Xp) and 20000 By=2.5T8,=0.05TE=1MV/m
(y: _yp) at the exit Of the 17500
QWT 15000

12500

m—Target
m—exit QWT

® Use a QWT as an energy
filter.
® QWT acceptance :

® Radial acceptance
LQWT _ B2 R
o
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Quarter Wave Transformer

® Reduce the transverse ® [1:Short solenoid length
angular dlvergence ® B;: Magnetig field in L;

— PX
x, =2 and y, = —.
P P ® R: Accelerator aperture

. Rotate the transverse
phase space (x, x,) and
(v, ¥p) at the exit of the [
QWT.

® Use a QWT as an energy
filter.

® QWT acceptance :

® Radial acceptance
T — B R -
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 (’)‘005 0.009
o Transverse acceptance =
QWT _ eBR
T T2
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Quarter Wave Transformer

e Reduce the transverse ® [:Short solenoid Iength

angular divergence ® B;: Magnetig field in Ly
— Px __ Py

Xp =15 and yp = py' ® R: Accelerator aperture

L Rotate the transverse

phase space (x, x,) and o4 80
(v, yp) at the exit of the 03 70
QWT 0.2 60
® Use a QWT as an energy 5 ** 50
filter. i 0.0 40
X 01
® QWT acceptance : : 30
® Radial acceptance S0 20
VT — B R 03 3
. Transverse acceptance  -0.4 .
QWT eBiR —0.03 -0.02 -0.01 0.00 0.01 0.02 0.03
Pt 2 x [m]
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Accelerating warm section

Goal 0.014
® Reduce the
. . 0.013
longitudinal

energy spread of
the accepted et &
at p = 60 MeV/c

0.011 e
— E=0MV/m ~_ ~—

o f — 1497 Mhz I W T~ T
0.010f —— E = 3MV/m ~—

e F =1 MV/m —— E=4MV/m

® [y = 02cm ' ’ 3s[m] ) ’ ’

® fee = 3cm
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Beam size optimization

B1=2.5T8,=0.05T
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@ Periodic Twiss in FODO:

ﬁzqym - Bmvyoui
@ Minimum beam size condition:

Be = Bayyy —> @z =0 o
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Longitudinal optimization: Energy spread and bunch length

. 20
® Compression factor =
Bunch length gntrance -
Bunch length gy 3
_ 1 & 15
C - 1+[R56><K/] “‘!
_dhy . keWh 5
® K= 3 = E0TeVocosg SINP -g "
® Where: i
1
® Rse : Longitudinal chicane element. o
o k=2rf [m] £
® f is the cavity frequency )
® eV4 Cavity acceleration [MeV]
® Ey Central energy [MeV] 0
® ¢ Cavity phase advance. -100 0 100
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Longitudinal optimization: Energy spread and bunch length

® Compression factor =
Bunch length gntrance
Bunch length gy

1

* €= TiRexn]
* K= % = EO+_e/\(/e(;/20$¢ sin ¢ S B S——
® Where: "

® Rse : Longitudinal chicane element. !

* k=2rf[m™] |

® f is the cavity frequency g

® eV; Cavity acceleration [MeV] ‘

® Ey Central energy [MeV] :

[ ] s[m]

¢ Cavity phase advance.
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Transmission and Current
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summary: Polarized mode

Ce+BAF Parameter e’ model Target value
Tdp/p (%] 0.68 + 1%
oz[ps] 4 < 4
N ep[mm mrad] 140 < 40
Mean Momentum [MeV/c] 123 123
et (P> 60%) 170 nA 50 nA
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Positron Injector for Un-Polarized mode
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summary: Unpolarized mode

Ce+BAF Parameter e’ model Target value
Tdp/p (%] 0.5 + 1%
oz[ps] 2 < 4
N ep[mm mrad] 123 < 40
Mean Momentum [MeV/c] 123 123
et (P> 20%) 700 nA 1 A
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Conclusion

® The performance of the positron system is heavily dependent on the
central momentum. The central momentum should be set to 15
MeV/c to obtain a high yield of positrons, while a high polarization
requires a central momentum of 60 MeV/c.

® The QWT plays a crucial role in selecting the desired momentum and
reducing the spread of transverse angles.

® Including the electron beam after the target could be an interesting
way to test our layout.

® Qur positron injector is unique because it operates using a CW mode,
which is challenging compared to other positron sources.
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QWT Polarized 2023 30Million e~ E = 1MV/m B, =0.05T
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Beam size

QWT Polarized 2023 30Million e~ E = 1MV/m B, =0.05T
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Normalized emittance
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Transmission and current

QWT Polarized 2023 30Million e~ E = 1MV/m B, =0.05T

100 2500

2000

L 1073

Ne-
Ne-

1500

Efficiency
Current [nA]

1000

c
L
m
o
£
@
=
©
o
=

107t 500

—— B1=25TB,=0.05T
0 5 10 15 20 25 30 35 40

100

Sami Habet
The 2023 International Workshop on F




Conclusion
0O000000e00000

Momentum collimation
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Transverse space

i Target exit
R I 170 nA identified @ target 075
0o10{ - - 2

Target exit
170 nA identified @ target

0.50.

0.005
0.25
E o000 - £ o.00
-0.25

~0.005
-0.50

-0.0101
-0.75
~0.010 ~0.005 0000 0.005 0.010 -075  -050  -0.25 0.00 0.25 050 0.75
X{m] xp irad)

® The transmitted positrons are within the acceptance of the QWT
o pdWT = eBIR = —1031°

° rOQWT:%R:Oﬁmm
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Un-Polarized mode: Positron Capture

Reduce the magnetic
field in the first solenoid.

Ly = 0.24 cm:Short solenoid length
B; = 0.96 T: Magnetig field over Ly

® R =3 cm: Accelerator aperture

Rotate the transverse
phase space (x, x,) and
(y, ¥p) at the exit of the
QWT.

Use the same QWT as
an energy filter.

QWT acceptance :

® Radial acceptance ; ®
QWT _ By
ro =5 R
® Transverse acceptance
QWT _ eBiR
Pt - 2

B2=0.05T

QWT Acceptence

a0 6
P (MeV/c)
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Un-Polarized mode: Positron Capture

e /1 =0.24 cm:Short solenoid length

® Reduce the magnetic
field in the first solenoid. ® B; =0.96 T: Magnetig field over L;
e Rotate the transverse ® R =3 cm: Accelerator aperture
phase space (x, x,) and
(y, ¥p) at the exit of the ™ = e
aw -
® Use the same QWT as .,
an energy filter. 10000
® QWT acceptance : 7500
® Radial acceptance 5000
T B R
® Transverse acceptance 0 50 % 100 120
QWT _ ety i
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Un-Polarized mode: Positron Capture

Reduce the magnetic e [ = 0.24 cm:Short solenoid length
field in the first solenoid. B; = 0.96 T: Magnetig field over L;
Rotate the transverse ® R =3 cm: Accelerator aperture
phase space (x, x,) and

(yl _yp) at the eX|t Of the Within half period 0,=3.511135506762798e-11 [s]

QWT.

Use the same QWT as %
an energy filter.
QWT acceptance :

® Radial acceptance \
QWT _ B \
Iy = ?f 20| W
® Transverse acceptance sy
QWT __ eBiR 21.45 2150 2155 21.60 21.65 21.70
- 2

P+ tins]

60

P [MeV/c]

10t

40

10°

Sami Habet 1JCLab & JLab

The 2023 International Workshop on Future Linear Colliders (LCWS2023) 27 on 29



Conclusion
0000000000080

0.8
o
_30 075
E2s 062
s a
£20 055
g 04
o F.
< 0 033
K] 028 T B R
013 To0| &l
0 [
80
g
% 60
Z
<
0
20
0 2 3 [ 8 10 12 1 -
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03
S (m) x[m]

Matching section

@ Periodic Twiss in FODO:
By = Bayg
@ Minimum beam size condition:

Ba = Paruny —> Az =0
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Longitudinal optimization

® Before compression
After compression
0.03 P

® The longitudinal energy
spread dp/p is reduced
by accelerating from 22
MeV/c to 123 MeV/c.

® The accelerating section a7
is utilized to produce the i ] .
required energy chirp. L ] \/ -

\ | i
. \ |
® The same compression S / | '
. . AN i o
chicane is employed to HoA | :
effectively reduce bunch T\ } 4
length. ‘ \ T :
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