Development of a Polarized Positron Source for CEBAF

Beam dynamics: Design and optimization

Sami Habet

IJCLab & JLab

February 15, 2023

(
— ®)Cu
rene Joliot-Curie
\lgf,f-evrson Lab LabolratloniirsedePhysique

des 2 Infi

Sami Habet 1JCLab & JLab

Development of a Polarized Positron Source for CEBAF lon24



& — 5 — et

ion

e
oS
o

J. Grames, E. Voutier et al.,JLab Experiment £12-11-105 (2011)

o
~
S

14
o
S

Polarized Bremsstrahlung
.00

Circular polarizati
o
&
3

Sami et

Development of a Polarized Positron Source for CEBAF

0.00

Positron polarization Py (%)

Transfer efficiency €, (%)

Polarized pair creation
0

c
o
B
N
T
& 05
o
a
T 0.0
£
]
S05
2
025 050 075 100 &
- ' S 000 025 050 075
]
T 5
e— w—2m
00 —
E electron beam polarization
80— 85.2:060.7 % ¥
E ¥
(= N
40 *
20—
oF
E ; ¥
80—
60— * H
40
0 1 2 4 3 7

3
p (MeV/e)



Positron njector Layout

@ Target optimization oo s i 0057

I |

N
A

Y

Sami Habet 1JCLab & JLab

Development of a Polarized Positron Source for CEBAF 3on24



@ Target optimization oo s i 0057

® Collection system H[H

. nn
;.:H:':ﬂ/

N
A

i

Sami Habet 1JCLab & JLab

Development of a Polarized Positron Source for CEBAF 3on24



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

Sami Habet 1JCLab & JLab

Development of a Polarized Positron Source for CEBAF 3on24



Positron njector Layout

@ Target optimization e
@® Collection system m II
N Z0N
© Momentum collimation ':H:H]f\ /\WV\ A
O Longitudinal optimization
o 1o 30 30 30

Sami Habet 1JCLab & JLab

Development of a Polarized Positron Source for CEBAF 3on24



@ Target optimization

@® Collection system
© Momentum collimation
O Longitudinal optimization

© Conclusion

Sami Habet

Y (m)

-1

-2

® Dipoles
@ Quadrupoles

® Pipe
@ Strong

Solenoid

Warm Cavity 1 MV/m

c100

S
10 sll()m) 30 40

1JCLab & JLab

Development of a Polarized Positron Source for CEBAF

3on 24



Target optimization
@00

Outline

@ Target optimization

Sami Habet

Development of a Polarized Positron Source for CEBAF



Target optimization
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Positron characterization

Unpolarized mode

e Efficiency : € = xeir

| T,=120MeV, t =4mm, Z=74, A plp =  10% I
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Positron characterization

Unpolarized mode Polarized mode
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Target thickness optimization

Unpolarized mode

| T.=120MeV, A P /P= + 10%, Z=74 |

b [ =t
$ 1 3 |
D, 11 w 1
107 107
10'25_r o... 10’25_
:15/——-—\/""' [ '-...
102k 107 e
H E
[o F .
4 H
1074 1048
E.0=+10° £.0 = +10°
E.0= +5° H==+5°
105 .0 = +2.5° 10%.0 = +2.5°
S T T N B B e | ST PR R T FEES P Fee e |
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
t (mm) t (mm)

Sami Habet 1JCLab & JLab

Development of a Polarized Positron Source for CEBAF 6 on 24



Collection system
[ ele}

Outline

® Collection system

Sami Habet

Development of a Polarized Positron Source for CEBAF



Collection system
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Quarter Wave Transformer

® Reduce the angular

transverse spread
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Quarter Wave Transformer

® Reduce the angular
transverse spread

_ Px — P
Xp = % and y, -

® Rotate the transverse
phase space (x, x,) and
(v, ¥p) at the exit of the
QWT.
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Sami Habet 1JCLab & JLab

Development of a Polarized Positron Source for CEBAF 8on 24



Collection system
oeo

Quarter Wave Transformer

® Reduce the angular
transverse spread
xp:%andyp:%.

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

QWT.

® Use a QWT as an energy
filter.
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Quarter Wave Transformer

® Reduce the angular
transverse spread
Xp = pX and y, = —Z.
° 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
LQWT _ B R

)

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

® Reduce the angular
transverse spread
— PX
Xp == and y, = —Z.

° Rotate the transverse
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Quarter Wave Transformer

® Reduce the angular
transverse spread

= Px —y 2
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Quarter Wave Transformer

® Reduce the angular
transverse spread
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Collection system
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Accelerating warm section

Goal

® Reduce the
energy spread of
the accepted e™
@ p =60 MeV/c
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Collection system
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Accelerating warm section

Goal

Reduce the
energy spread of
the accepted e™
@ p =60 MeV/c
f = 1497 Mhz
E=1MV/m
Lcell = 0.2cm

® re = 3cm
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Accelerating warm section
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Momentum collimation
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Beam size optimization

08
%0 07 §
E2s 063
2

S 20 05§
€15 042
= 033
210 2
g 023
5 013

0 [

S (nsm)

@ Periodic Twiss in FODO:
By = Bayg
@ Minimum beam size condition:
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Beam size optimization
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Beam size optimization
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Longitudinal optimization
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Longitudinal optimization: Energy spread and bunch length

® Compression factor =
Bunch length gntrance
Bunch length gyt
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Longitudinal optimization: Energy spread and bunch length

® Compression factor =
Bunch length gntrance
Bunch length gyt

_ 1
* C= T Rex]
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Longitudinal optimization: Energy spread and bunch length

® Compression factor =
Bunch length gntrance
Bunch length gyt

1
° =1
C 1+[R56></i]
_ d(sp _ —ke\/o H
¢ K= dz EO+eV0cos¢sm¢
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Longitudinal optimization
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Longitudinal optimization: Energy spread and bunch length

® Compression factor =
Bunch length gntrance
Bunch length gyt

1
° -1
C 1+[R56></i]
_ dép —keWo H
¢ K= dz EO+eV0cos¢sm¢
® Where:

® Rse : Longitudinal chicane element.
k= 27r£ [m~1]

f is the cavity frequency

eV Cavity acceleration [MeV]

Ey Central energy [MeV]

¢ Cavity phase advance.
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Longitudinal optimization
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Longitudinal optimization: Energy spread and bunch length

. 20
® Compression factor =
Bunch length gntrance -
Bunch length gy 3
_ 1 & 15
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® K= 3 = E0TeVocosg SINP -g "
® Where: i
1
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o k=2orf [m] £
® f is the cavity frequency )
® eV; Cavity acceleration [MeV]
® Ey Central energy [MeV] 0
® ¢ Cavity phase advance. -100 0 100
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Longitudinal optimization
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spread and bunch length

Longitudinal optimization: Energy
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Longitudinal optimization
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Longitudinal optimization: Energy spread and bunch length

® Compression factor =
Bunch length gptrance % o

Bunch length gy

* C= CRenn

* k=G = Eoreviiess SN

® Where: 43
® Rse : Longitudinal chicane element. 0
* k=2rl[m™] Eas
® f is the cavity frequency 330
® eV, Cavity acceleration [MeV] 25
® Ey Central energy [MeV] 20
[

¢ Cavity phase advance.
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Longitudinal optimization
[e]e]e] ]

Summury

Params e’ injection CEBAF Acceptance
Tdp/p [70] 0.68 +1%
oz[ps] 5 < 4
ox[mm] 8 <3
N ep,[mm mrad] 14 < 40
Mean Momentum [MeV/c] 123 123
e’ current 170 nA 100 nA
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Conclusion

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

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

® The QWT helps the selection of the desired momentum and reduces
the spread of transverse angles.
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® The performance of the positron system is heavily influenced by the
central momentum. For a high yield of positrons, the central
momentum should be set to 15 MeV/c, while a high polarization
requires a central momentum of 60 MeV/c.

® The QWT helps the selection of the desired momentum and reduces
the spread of transverse angles.

® The accelerating section exerts significant influence on the
longitudinal plane, thereby reducing the energy spread to meet the
CEBAF requirement of 04,/, = %+ 1%.
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Conclusion

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

® The QWT helps the selection of the desired momentum and reduces
the spread of transverse angles.

® The accelerating section exerts significant influence on the
longitudinal plane, thereby reducing the energy spread to meet the
CEBAF requirement of 04,/, = %+ 1%.

® For improved compression, the energy spread at the exit of the C100
must be at least five times smaller.
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Conclusion

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

® The QWT helps the selection of the desired momentum and reduces
the spread of transverse angles.

® The accelerating section exerts significant influence on the
longitudinal plane, thereby reducing the energy spread to meet the
CEBAF requirement of 04,/, = %+ 1%.

® For improved compression, the energy spread at the exit of the C100
must be at least five times smaller.

® Expecting higher current for the unpolarized mode P=15 MeV/c.
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Twiss functions

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

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

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

QWT Polarized 2023 30Million e~ 8, = 0.05T.
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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
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® The transmitted positrons are within the acceptance of the QWT
o pdWT = eBIR = —1031°

° rOQWT:%R:Oﬁmm
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