Energy Calibration for the Forward Detector at

WASA-at-COSY

Kay Demmich

Westfalische Wilhelms-Universitat Miinster, Institut fiir Kernphysik

DPG Spring Meeting (HK 42.7)
5. Marz 2013

c

K. Demmich (WWU) Calibration for the WASA Forward Detector 5. Marz 2013 1/14



Experimental setup WASA-at-COSY
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The Forward Range Hodoscope

o Scattering angle + energy Energy reconstruction
losses = four momentum

o A: digitalised ADC value
AE: energy loss

@ Only projections on the
beam axis are comparable:
AE, = AE -cos?
A, = A - cosd
@ fyu, fnL: 3rd order
polynomials = 8 parameters

1200
1800

@ To be determined for each
detector element, partly
correlated
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Non uniformity — angular dependence

1000F
< B
8001
rec __ A,
AEF = fu (i)
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@ MIPs have identical L
energy losses 400F
= Pure angular effects [ [—— LS method
200 ----- mean method
o Plot A- COS(Q?) vs. U [ | —— Gauss method

\\\\\

o Fit fyy as 3rd order
polynomial

MIP spectrum with differently fitted
polynomials Layer 4 element 23
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Non uniformity — fitting algorihms

Least Square method (LS) Mean and Gauss method
@ Minimize 2 @ Projections along A, axis
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Non uniformity — fitting algorihms

Least Square method (LS) Mean and Gauss method
o Minimize x? o Projections along A, axis
N .
@ Mean value or mean of Gaussian
o= 1 fit
=

° 62 = (w_f.xi )2

Least Trimmed Square method (LTS)

h
o lteratively minimisation of x? = 3" (62);.n
i=1

o (62);.,: ordered residuals
@ h < N predefined value,e.g., h/N = 60 %
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Non uniformity — angular dependence

1000F
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@ MIPs have identical
energy losses 600¢
= Pure angular effects 400}
@ Plot A cos(?) vs. 9 200: S eihod
i |- hod
o Fit fiyu a.s 3rd order N ggﬁgsnr‘:étﬁod
polynomial gll==LTSmethod __ | L =
= Best results with Least 005 01 015 0.2 025 0.3
Trimmed Squares 9
method (LTS) MIP spectrum with differently fitted
polynomials Layer 4 element 23
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Non uniformity — results
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Non linearity — energy dependence

FRH Calibration - Element 11, Thetabin 4

FRH Calibration FRH 1 vs. FRH2
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Non linearity — energy dependence

FRH Calibration

ol 03

FRH Calibration - Element 11, Thetabin 4
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Bounded sum of the square of the errors

Usual least square approach: > r
q.) L
N 9 0.3
= ) < 0.2F
2 ()’i - f(Xi)) B
0f = | /= i
o K
0.1+
Bounded least squares: B
2 N 2 07. - “ :‘: “ S ""‘ T
Q= i 0 0.1 0.2 0.3
; 7 A E,/ GeV

2 _ (52,52
gi = min <5i ' 5ma><> Chiz threshold: ¢ [ 4003
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Check non uniformity parameters

“[5<9<7 |k
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AE, / GeV
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Corrected non uniformity parameters

01 02 03 01 02 03
AE, | GeV
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Conclusion

Software with graphical user interface

Powerful tool for FRH energy calibration

Non uniformity calibration and fine calibration without user
interactions

@ Non linearity parameters can be found and controlled quickly by the
use of the GUI and fit

o Complete detector calibration within a few days possible
=- Significant calibration speed up

@ Suitable for all possible reactions
ptp—p+p+X
p+d— 3He + X and
d+d— *He + X

@ Suitable for other detector components
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