Minimizing the non-linearity of

Compton photon detector
Abel Sun
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Hall A Compton polarimeter
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e purpose of Compton polarimeter:
measure the polarization of the electron beam

Ay = PP, < A; >



features of
Compton polarimeter

* energy of electron E=1-11GeV
* photon energy k=2.33eV (green light A=532nm)

* K'max=3.1GeV



Compton scattering




energy-weighted
Compton integrated asymmetry

unpolarized Compton
scattering cross-section
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Compton scattering asymmetry energy-weighted

< A >w= < A; >w=0.130339




non-linearity and true response
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Inearity testing

variable+delta

shap
hsnap5
- Entries 512
— Mean 255.7
- W RMS 147.8
- d
— 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0 100 200 300 400 500
shap
hsnap7
" Entries 512
__ Mean 255.7
- RMS 147.8
- J
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0 100 200 300 400 500

3712
3710
3708
3706
3704
3702
3700
3698
3696

snap

hsnap6

Entries

Mean
S

H\III

o

3713

3712

3711

3710

3709

3708

512
255.5
147.8

hsnap8

Entries

Mean
RMS

512
255.5
147.8




Inearity testing

* finite difference method y(x)=f(x+0)-1(x)

hsumDAC298

300 |-

250 [-

200 [

150

100

50 -

)|
black: variable
red: variable+delta



non-linearity and true response

Response Function
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xp2412b PMT base

K:cathode
A:anode

G:focusing electrode
D:dynode

* original voltage chain design

K G DI D2 D3 D4 D5 D6 D7 D8 D9 D10 A
05 15 1 1 1 1 1 1 1 1 1 1 (total : 12)



changing the base

* the non-linearity of original base
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tapered base non-linearity
K211...1111 Ground -3.01%
K211...1232 Ground -1.27%
K211...1.52 32 Ground -1.46%
KZZ11...1.52 4 3 Ground -0.433%
KZZ11...1.52 4 4 Ground -0.481%
KZZ11...1.525 4 Ground -0.227%
KZZ11..1.525 77 Ground -0.343%

//, /7 Zener diodes
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result

[ dpE(p)Ai(p)%(p)

[ dpE(p)E(p)
It the base has linear response, Compton
integrated asymmetry < A; >3 =0.130339.

< Ag W=

Starting with manufacturer’s default setting,
< A; >w =0.129299.

After optimizing PMT base, < A; >=0.130181,
which is an improvement of ~6x.



