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Outlines

* Beam time setup April 2016

» Analysis method review
* Results of spatial and energy resolution

 Summary and outlook

=
®©
<
[8}

Mitglied der Helmholtz-Gemeins

Solmaz Vejdani , PANDA Collaboration meeting 05. December 2016, Darmstadt 2



w7 university of ’ U LICH
{Eﬁ gronin gen kvi - center for advanced radiation technology
M

FORSCHUNGSZENTRU

STT beam test in April 2016

 For the first time in COSY-TOF area, almost 10 days beam
with time 3 prototype detectors

1.  STT with flash ADC read out
2. STT with ASIC read out
3.  Forward tracker with ASIC readout

« Proton beam with 4 different momenta (0.55 GeV/c, 0.75
GeV/c, 1.00 GeV/c and 2.95 GeV/c)

- Different high voltages (1750V, 1800V & 1850V)
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Proton beam

12 m
coax
0.55 GeV/c Cgble
0.75 GeV/c Signal/HV
1.00 GeV/c @ Readout with TIAO4 preamplifier
. MK7501
2.95 GeV/c
75 Q

. Preamp
Various beam

Intensities

HV

Diff t Proton impinging angle: .
ifferent Pro impinging ang ; I ;

90deg, 23deg,18deg
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Analysis Method

1. Tracking

2 .Energy loss measurement
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Analysis Method

1. Tracking

 Drift time spectra

eCalculation of radius-drift time (calibration curve)
eTrack reconstruction

eCalculation of the path length

Solmaz Vejdani , PANDA Collaboration meeting 05. December 2016, Darmstadt 9
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Analysis Method

TDC_pl3_el9
e For each tube the parameters of the drift time 800 J0C-pld.e8
distribution are derived from the fit performed with 7005_ RMS 36,08
the following empirical function: -
600—
dn _ 5 n Py [1 4 Pyexp((P5 —t)/Py)] 500/
dt "' [+ exp((Ps — t)/Pr)] [L + exp((t — Py)/Px)] 4001
soof—
e The minimum and maximum drift times, to and tmax , 200~
corresponds to a track traversing the tube close to -
the wire and to the cathode wall. 100;_ J |
00_ | I1(I)OI - I2(|)0I = I3(|)OI - I4|(|)O = I5(|)OI —
e The value of ty , depends on delays of signal cables Time (ns)

and front-end electronics, and HV setting.

Fitted time spectrum of an illuminated tube
e At = tmax - to depends only on the drift properties of

the tubes.
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C The primary information from the tubes: )
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C The primary information from the tubes: ) *
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Analysis Method
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( The drift time distribution of the arriving\

signals, the number of tracks traversing the
tubes within a time interval:

. _J
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Analysis Method

(The drift time distribution of the arriving
( The primary information from the tubes: ) * signals, the number of tracks traversing the
tubes within a time interval:

J

dn Niot

E - Rtube

dn  dndr Nioe dr

dt — drdt  Rugpedt’

Rtube
r(t) = —dt
N tot
n 1s the number of tracks and r is the wire
distance.
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(The drift time distribution of the arriving
( The primary information from the tubes: ) * signals, the number of tracks traversing the
tubes within a time interval:

J

dn Niot

E - Rtube

dn  dndr Nioe dr

dt — drdt  Rugpedt’

Rtube/
r(t) = —dt
Ntot

n 1s the number of tracks and r is the wire

distance.
3} \ y
| TN A
8 1
-é Ir(t2> — ]ZV (Rtube - R’UJ’L")"B) —|_ R”(U’L"I“G'
2 tot
2

r(t) = po+pit+pa (2t — 1) +ps (4> — 3t) + pa(8t* — 82 +1) +ps5 (16> — 20> + 5t)
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Analy3|s Method

fThe drift time distribution of the arriving
( The primary information from the tubes: ) * signals, the number of tracks traversing the
tubes within a time interval:

_J
dn o Ntot —~ F
dT Rtube E 5: .
@ [
dn _dndr_ Nie dr §
dt  drdt  Rpedt = |
2 g
= [
7“ _ Rtube/ —dt 2
Ntot
n is the number of tracks and r is the wire T
distance.
ou’IIIIillllillllillllillllil
k J 0 50 100 150 200 250
time (ns)
4 it )
o N;
r(tl> — EZ . (Rtube - Rwire) + sz’re'
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Track reconstruction

1. Pre-prefit

2. Pre-fit using Minuit

3. The Intersection Finder

4. Refit by using Minuit minimization
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The observables measured by the straw
tubes are not the (x; y) coordinates of the
particle hits, but the (x; y) coordinates of the
firing wires and the drift times.
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Track reconstruction

The observables measured by the straw
1. Pre-preﬁt tubes are not the (x; y) coordinates of the
. .. particle hits, but the (x; y) coordinates of the

2. Pre-fit using Minuit firing wires and the drift times.

3. The Intersection Finder
4. Refit by using Minuit minimization
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Data from April 2016, Isochrone calibration

e Clean beam condition, data taken for different intensities
e Equal samples of data collected at different momenta
e Obtained calibration curve used for the analysis of data
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Isochrone radius (m

o
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0.2

0.1

Isochrone Calibration

___________________________________________________________________________ %2 / ndf 0.0008096 / 165 |
p0 -0.009451 + 0.0008498
p1 0.005605 + 6.927e-05
p2 -5.252e-07 + 1.657e-06
"""""""""""""""""""""""""""""""""""""""" p3 -1.621e-07 + 1.465e-08 |
p4 4.406e-10 = 4.274e-11
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_____________________________________________________________________________ x2 / ndf 0.0005994 / 165
p0 -0.007634 + 0.0007313
p1 0.005386 = 5.961e-05
p2 3.527e-06 + 1.426e-06

"""""""""""""""""""""""""""""""""""""""""" p3 -1.861e-07 = 1.26e-08
p4 4.829e-10 = 3.678e-11

0 20 40 60 80 100 120 140 160
Drift time (ns)
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Drift Time Drift Time - Drift Radius
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Residual distribution for 0.550 GeV/c, 1800V
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Residual distribution for 0.550 GeV/c

histo residuals

x10°
B ‘ histo residuals
600 | Er;t::s 4'671446
- RMS gy
- %2 / ndf 2.526e+09 /37
: Constant 6.133e+05 + 0.5
500 — Sgma__ 01469 - 00000
400|—
300 —
200—
100 —
R A A N S N N M AN M M A AN BN R N NI R N R A S A
-02.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

The best achieved spatial resolution at 0.550 GeV/c proton momentum:

at 1800V iS o'(spatial resolution) = 147:|: 1% (Hm)
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Analysis Method

2.Energy loss measurement

* Energy loss spectra for reconstructed tracks
* Selective measurement of energy losses with Truncation mean(cut of largest energy losses per track )
* Calculation of path length for truncated events

* Calculation of specific energy losses per path length
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Energy loss for 16 straws at 1800V Energy distribution for different momenta at 1800V
2 F F216 dE/dx 16 hit track, TM40
C I
§ 350 — ;ntries 43690(2; 4000 .
: RMS 1:91Se+04 E
300— 2 1 ndf 657.3/130 3500 — = 0.55 GeV/C
E ;i’rttant6223 04 1:2228T 28(;2:' E - 075 GeV/C
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- 2500 —
200 -
- 2000 —
150_— —
- 1500 —
100[— -
- 1000—
50— -
m 500 —
O—I Ly |J| Lo L e L b b b by ><103 0: [ | | ><103
0 50 100 150 200 250 300 350 400 450 500 | Ty e
Energy Loss 0 150 200 20 300
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Results of the energy Resolution
for example at 0.55 GeV/c

dE/dx 16 hit track, TM40

00— h10164

E Entries 10589
600 :— Mean 7.859e+04

E RMS 7613
500—

- %2 / ndf 181.9/63
400 — Constant 640.6 = 8.3

u Mean  7.834e+04 = 6.422¢+01
300[— Sigma 6464 + 54.8
200|—
100[— j

O [ 1 1 1 1 I 1 1 1 F . h 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 X1 03
0 50 100 150 200 250 300
dE/dx

The best preliminary achieved energy resolution (with 16 straws and at 0.550
GeV/c proton momentum : Ogg/gx) ~ 8.2%
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Summary of current results

3
© v
Summary of the results for reconstructed tracks § 168 v
of 16 hits = i
£ 156
Spatial Spatial 2 ” L
. . ° v ;
resolution (um)|resolution (um) é . v 1SQO \/
0.550 GeV/c 146 138 a (20 . . j
0.750 GeV/c 151 145 | | |
0 1 2 3 4
2.95 GeV/c 171 165
Proton Momentum [GeV/c]
15
For the energy resolution the truncation mean
of 40% applied to initial dE/dx distributions = 195 ‘
5 i i X
Energy Energy 3 10 5
- resolution resolution i o . . .
.%E) [%] [%] ? : ° E
5 HV=1800V | HV=1850V 5 75 | 1800V
0.550 GeV/c 8.2 7.9 [ e 1850V |
0.750 GeV/c 9.1 8.7 5 i i i .
: 2.95 GeV/c 12.3 11.4 0 1 2 3 4

Proton Momentum [GeV/c]
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Summary & Outlook

e The first beam test in COSY- TOF area was successtul

e Clean beam condition, data taken for different intensities, low
noise level smaller than 6 mV

e The results of the spatial and energy resolutions look good and
promising

e Data analysis for 1s still in progress ...

e New beam test (28 November till 04 December 2016) with
deuteron beam in COSY-TOF area was successful and the new data

analysis will be done 1n the near future.
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Back up
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1.Tracking

* Signal selection

| lLt"J | <<prev | [next=>" | save thr |0 [100 auto next

| qdc7 | qdc8 | qdc9 | gqdc10 | qdc1l | qdcl2 | qdc13 | gdc14 | all qdc
2,500

[*]

2,000 —

~

1,500 +

1,000 —

500 —

T z : z z z - z z T z z : z T : z z T T z z : z T T : z 1 & 35
0 50 100 150 200 250 300 |m36 E
(% lines | | steps | | none (% symbols @ ihone

[%| X autoscale  x min | | xmax| |
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dn Py [1+ Pyexp((Ps —t)/Py)]

a0 1+ exp((Ps —t)/Pr)| [1 + exp((t — Fs)/ Fs)]

The number of tracks dn traversing the tube within the time interval at.

The minimum and the maximum drift times, to and tmax

P+ is the noise level

P2 is a normalization factor

Ps; and P4 are related to the shape of the distribution

Ps and Ps are the values of to and tmax

Pz and Ps describe the slope of the leading and trailing edge of the distribution
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where Ar; is the residual of the i** tube, defined as:

lyi — (a + bx;)|

— Tiraw-
V14 b? ’

Ar;=r i, fz't(a, b) — Tiraw =

ri fit 1s the distance of closest approach of the best fit line found in the center of tube i.

1i raw indicates the radius computed using the r(t) relation
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