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Equalization

i module number

Reference points:

- d0: pedestal center

- q1: sum(qg1,inf) (protons) = 1/3 of the expected value*
- g2: sum(0,92) (alpha) = 1/3 of the expected value™

Quadratic correction:
qeq=a(i)*q2 + b(i)*q + c(i)

*) expected value calculated on a high-gain module
**) expected value calculated on a low-gain module
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Quadratic term is small (~ few %) but it is required to perfectly align the distributions
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Charge Efficiency

Two modules with higher gain values are chosen as reference.
The mean of the charge histograms for all modules is calculated
and compared with the mean of two modules of reference.
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Efficiency Vs Charge of Small EndCap
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Efficiency Vs Charge of Big EndCap
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Geometric efficiency

Missing modules

Modules under threshold

For each run: mean and stddev per each subdetector
Threshold: mean - 3 ¢

Modules under threshold at least in one run per group are
excluded

The geometric efficiency is calculated by considering
only modules that are present and over threshold in all
runs of the group.




Geometric efficiency

250-299

350-399 24 30

450-479 24 30




Geometric and charge efficiency

The geometric and charge efficiencies are taken into account in
the calculation of the total hits.
Two modules with higher gain values are chosen as reference,
rescaled with their geometrical efficiencies.
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Time walk correction

Fitting function:

F(Q) =Pyt p-O+p, 'Q2 + EX]J(pE +P4'Q)
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Charge-E,,  calibration
TOF difference at equal E dep

* The TOF-Ed curve has two branches
1)Edep growing with time

2)E,, decreasing with time

- Points on the two branches of the curve that have the same E |
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» Atis a function of E...

* |t does not depend on the proton energy distribution




Selected polar angles 5<8<7 degrees on the Small Endcap
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Evaluation of calibration factor

*The charge of the experimental

Theoretical curve of At versus E dep points is multiplied by the factor that
makes them best fit the theoretical
m Experimental points curve (minimum X?)

*This factor is the calibration factor
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Kinetic Energy distribution from Edep

Edep vs Ek curves from Monte Carlo simulations for different thicknesses

Edep — Ek
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Problem: for each value of E,., there are two possible values of E,, corresponding to the growing

branch and to the decreasing branch. At the moment, we are not distinguishing between the two
possibilities, and protons with E <65 MeV are erroneously attributed to the growing branch. We will be

able to discriminate protons belonging to the two branches using the time-of-flight information.
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Time calibration

kentros hit time relative to Start Counter:
trel = (tKE — t1rg,KE) — (tsc — tTrg,sC)
tkE: hit time measured by kentros TDC
tgc: starting time measured by Start Counter TDC

tTrg,KE: tTrg,SC: time of the same reference trigger signal
read by kentros TDC and by the SC TDC

trg| is related to the particle TOF (tp) as:

trel = tF + tscint *tw 1o
tscint: transit time of scintillation signal
tyy: time walk
tp: constant time difference

The time walk correction is made by fitting the t g vs g distribution with a proper function

trit(a)

The time walk effect depends : :
on TDC threshold and o the :> it varies from one module to the other

charge gain
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Time calibration

tcorr = trel — tfit
the time distributions tsqr are aligned for all modules of the same subdetector

tcorr still differs from the time of flight:

At =t —tcorr = tit — tscint — tw — to
At is a function of g and 6

If we look at small angular regions (e.g. 5°<8<7°) in each region At will be a function of q only

Our approach was to intercalibrate it with the kinetic energy evaluated from the energy
deposition:

Edep — Ek — tF(Ek)

| We are using two points for time calibration:
the average TOF and equalized charge deq of Z=2 particles

the average TOF and equalized charge deq of Z=1 particles evaluated on the two modules

with the highest gain
For other values of Jeq @ linear interpolation can be used:

At(geq) = Atq + (Aty — Atq)(deq — a1)/(a2 — a1)
Using At, the time of flight of each particle is evaluated as:

: tF = tcorr + At(deq)
— = S




Time calibration

The particle kinetic energy can be evaluated from tg
The kinetic energy evaluated from the charge and that evaluated from the TOF are not

completely independent, because they are intercalibrated.
=> |n practice, this means that they have the same average values.
However, the shapes of the distributions (and thus also their width) are independent.
AEKDep Z1 WQ 5 7 _ AEKDep Z2 WG 5 7
500 — Entries 36885 - Entries 17966
B Mean 400.7 = Mean 402.9
N i /=1 RS g3 S0 /=2 RMS 1357
400 — -
- W 3c _ [AEkBela 22 WG 5.7
i C Entries 17966
L | 250 — Mean 4134
30— - RMS 166.5
- 200—
i 200:— 1503—
- 0
100 — -
%k 50—
_\ I ‘ L 11| ‘ 1111 ‘ L 111 ‘ L1 11 ‘ L 111 ‘ L 11| ‘ 1111 ‘ L 111 ‘ L1 11 E
e a0 40 S0 60 70 600 900 o0 T BTy = R TR
MeV
MeV/u
— Ek from Edep
—  Ek from beta

N—— eSS . ————




Particle Id

Method 1: relies only on kentros hit data (time, charge)

Z=1 particles release less energy => the TDC time is larger because of the
time walk effect

Linear separation on the time-charge plane

The time vs charge distribution is projected on a axis PERPENDICULAR
to the red axis

linear combination of tand g: p=at +bqg + c
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TDC {ns)

Particle Id

Method 2: separation depends on polar angle
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Ek (from Ede

P
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Calibrated hits on Small Endcap
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Calibrated hits on Big Endcap
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Matched hits on Small EndCap

EqCharge_rec_WQ_SE

Entries 160721
Mean 1122
RMS 863.3

2500

2000

1500

1000

500

o 1000 2000 3000 4000 50

EqCharge_rec WQ_SE_Z1 EqCharge_rec_WQ_SE_Z2
Entries 116974 Entries 40672
Mean 888.7 300 Mean 2519
RMS 628.7 RMS 766.4

2400
I 2200

2000
1800
1600
1400
1200
1000
800
600
400
200

250

200

150

100

50

LA I TR N TR T ' I sl g,
1000 2000 3000 4000 5000 6000

°°;IH‘\I\I‘H\I‘H\I‘H\I‘HH‘I\

o

o

o
H\‘\H‘H\‘H\‘\H‘\H‘\H‘H\‘\H‘H\‘\H‘H\‘

T ! T ! h el ST A T N !
1000 2000 3000 4000 5000 6000

N e = T




Matched hits on Big EndCap
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Problem on small charge
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We see a drop on the distribution of matched hits for small charges.
Events are present in unmatched hits distros — not a problem of threshold
Maybe a problem of track efficiency for high energy protons or low polar angles?
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Polar angle distributions
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Numbers |

------ ‘

203873 96242 96795 2791 09

358692 178853 180618 451679

455668 199277 199719 533011

415240 164094 164391 481456

193191 90829 91166 229422

We are missing (at least) 50% of the hits and of the tracks.
Are we reconstructing only 1/3 of the events?




( Azimuthal angular distance to the
closest unmatched track

phi_dist
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Future work

Azimuthal angular distributions

- To be tested again
- Comparison with MC
Merge SE and BE distros around 15°

Time calibration — to be included in the framework

Ek from TOF — to be included in the framework
Discrimination of the two branches of TOF vs Ed curves
Intercalibration with TOF wall

Estimate energy resolution
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