Report on intercalibration -
TB CNAO 2021/06/28

Universita degli Studi di Torino e INFN, Sezione di Torino
FOOT Collaboration

N.Bartosik, P.Cerello, M.Penna L. Scavarda
28/07/2021

15/06/2021 FOOT Meeting July 2021



CNAO Test Beam 29
‘b\-‘?: . Main goal: define the best calibration protocol for the calorimeter

e Find intercalibration factors in order to
equalize the response of each crystal of the

calorimeter:
o  3crystals tested with IDs: S22001, S22004,
$20012
: = o  Energies available @ CNAO
522004 SRR 4 protons: 70,120,170,227 MeV
522001 : . Carbon ions: 115, 190, 260, 330, 400 MeV/A

o  Two methods tested:
m Frontal Scans
m Lateral Scans

e Temperature has been monitored: data have

been corrected using temperature correction
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e  First night: Lateral Scan on 3 crystals e Second night: Frontal Scan on 3 crystals

o  p70 MeV and C115 MeV/A o  protons: 70, 120, 170, 227 MeV
o @15, 45,75, 105, 135, 165, 195, 225 mm Carbon ions: 115, 190, 260, 330, 400 MeV/A
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e During the run we acquired the
temperature each second
e  We often entered in the
treatment room and turned off
the HV to change the crystal
position: T decreasing
e AT-~0: T stable during the run.
e  Points of the scan get closer after

T correction
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protons 70 MeV
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T[°C]

ing and correction - Lateral Scan

Temperature corrected data

g = protons 70 MeV
. $22001: a: 3.35e-03 * 8.64e-04 [ mm™ |
E AN ° S$22004: a: 3.42e-03 + 1.04e-03 [ mm™* ]
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d correction - Frontal Scan

|
Temperature vs Run # I R e
31 E ~ sz2001 | 2 520012: X3 = 6.25, X2, = 4.15 Y
B o P : [ Raw data
= o ) | =
» E ° o ) L4 ° I
28— * ] . |
E ‘ ° I ==
27— 2.8 | E
=R S I e
E | I . L
£ | 5 .
o E I 1 I I I 1 | e 29;_. S T g ® ;
S = =Y 0
E :— | 271 $ .8 a2
E- T 26) .
L% @+}& ;+ %%A;@m.al%«zm+x;;;.f:» : 2
E ‘ A I ‘ 3 fra £ Ve
h E- z L ] $22001: X3 = 0.07, X% = 7.18
oE——ge B = o % T ! g o somcemneon P
| = © S20012: X3 = 0.87, X2 = 0.58 O : ¢ V/,»r :
.. . I - C 7
Globally T is increasing. I - Temperature and range A
e AT~0: T stable during the run. : i corrected Vi
e Linearity get better if we : o /,/””/ '
perform both temperature ' Er A
. . [ Pz
correction and range correction I s Lo i
[ L .
1 N 1
| H
| : . A
102 10° Epeor [VEV]

B 00 g iy 20 o



ation factors from frontal scan

E $22001: X3 =0.07, X% =7.18
BT g SO S020205400 e From Amplitude vs Energy Beam plot:
< $20012: X% = 0.87, X%, = 0.58 . P 5 .
S : : o  Reference crystal is chosen - ‘S20012’ in
“Temperature and range .
... corrected Kk f h
e : o  Compute k,= amp,/amp__ for each energy
point
- o Compute the mean of the set of k; for each

crystal
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0.6

ibration factors from lateral scan

p70 MeV

kmean
© 822001 K,y,,, = 0.928
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Amplitude decreases when the beam is
closer to the SiPM - optical photons
absorption
o  Reference crystal is chosen - ‘S20012’ in
this case
o Compute k= amp(O)/ampref(O) for each
crystal
Computed the mean of the
intercalibration k of p 70 MeV and C 115
MeV/A
Furthermore, from lateral scan plots, the
correction factors for range correction
can be evaluated!
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tion

Calibration using factors from frontal scan Calibration using factors from lateral scan
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e Equalized the response of each crystal to the reference one and evaluated the ratio between the
equalized amplitudes and the reference amplitudes: ratio ~ 1, good equalization for both methods
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eV through 3 crystals e

Raw amplitude distribution for each crystal (@15mm)
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o @15, 40,80 mm
e Use the intercalibration factors to
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equalize and sum the three contributions
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e [ ] frontal beam: res(%) = 1.40
0.08) oo gatmm esy - 58 a0 - 1620
———— eum i e Y . .
007/= ﬁ hl e Either using factors from frontal or from
09%E- no equalization H I lateral, resolution doesn’t get worse
“E ’ | e Distributions of the sum and distribution
0.04— i
N i | of the frontal scan are not peaked at the
oo ff \ same value: range correction is missing!
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Gl [ ] trontal beam: res(%) = 1.40
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e The range correction moves the peaks to the
same value of amplitude

e Calibration and range correction seem to
work properly!

e Discrepancy of the peaks with the respect of

the amplitude value of the frontal scan is < 1%
both in intercalibration using frontal scan and
the one using lateral scan
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ss points

= S22001: X5 = 0.07, X% = 7.18, k = 0.932 ~ Frontal Scan
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e Compare the intercalibration factors evaluated

with frontal scan using all the 9 points of the
scan with the intercalibration factors found using
less points

e kJ/k 1P shows that the first two combinations
allPoints .

of points are quite better: k/K oo o

e (p,p, C, Cp) maybe better: just 4'points. Make

the calibration procedure faster
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ss points

— : : : : : Lateral Scan
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e  Compare the intercalibration factors evaluated with
lateral scan using all the 8 points of the scan with
the intercalibration factors found using less points

° ki/kam?oims.shows theTt (1,2,7,8) a.nd (1,2,5,7,8)
combinations of points are quite better:

k./k ~1

i’ TallPoints

e (1,2,7,8) maybe better: just 4 points. Make the

calibration procedure faster
B 07 i by o o




Intercalibration factors calculated both from

frontal scan and from the lateral scan allow us to
calibrate the crystals with a precision < 2%

Furthermore, the lateral scan can provide also the
range correction factors!

Evaluating the factors using a proper
combination of points of the scan doesn’t affect
the intercalibration in a critical way: the values of
the factors have a maximum discrepancy of the
0.4-0.8% to those evaluated using all the points of
the scans. Using less points makes the calibration
procedure faster!




. o
INFN
C

Backup

Definition of the calibration protocol




Amplitude [mV/MeV*u]

04—

7 822001 - 70: a: 3.346e-03 + 1e-03 [mm]
———— S22001 - 115: a: 2.692e-03 + 3e-04 [mm?]
@ $22004 - 70: a: 3.423e-03 + 1e-03 [mm]
———— S22004 - 115: a: 3.194e-03 + 2e-04 [mm™]
-~ 820012 - 70: a: 3.916e-03 + 9e-04 [mm™]
S20012 - 115: a: 3.745e-03 + 2e-04 [mm™?]

0.64f
0.62
0.60
0.58
0.56
0.54f
0.52
0.5

Amp. /Amp,

III|III|III|III'|'|II||IIIIIIII T

o

50

L
100

1 1
150 200 nos Imn2b0

0 ampC/ampp



eV/A through 3 crystals e

Raw amplitude distribution for each crystal - beam
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e Use the intercalibration factors to equalize Amp (mV)

and sum the three contributions
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calibrating

0.07
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e correction
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