Detector signatures
of = ET hyperons
in the Forward

Spectrometer at
PANDA

Gabriela Pérez Andrade
Uppsala University

PANDA Collaboration meeting
March, 2018

UPPSALA
UNIVERSITET

|E;.EI_I da



Overview

* Project description and goals

* Forward spectrometer (FS) layout
* Analysis strategy

* Results

* Conclusions



Project description

" Main focus on looking at characteristics of
reconstructed tracks in the FS for the
reaction

+ 00—

pp - EYE” > AntAn” > prt ntprm™

at beam momenta 4.6 GeV and 7 GeV.

= Reconstruction in the central tracker (CT)
was not taken into account for this study.

Image by Jenny Regina, 2017



Goals

»To find differences and similarities between FS partial and full set
ups.

e Number of reconstructed tracks

* Tracks per event
* Hits per track

» To describe reaction topology in the FS.

* lllumination plots
* Acceptance



Set Up No. GEM MVD FS STATIONS
FS |ay0 ut FTS1234 2 Strips 1,2,3,4

FTS1256 2 Strips 1,2,5,6

FTSFULL 3 Strips + pixels 1,2,3,4,5,6
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Analysis strategy

PandaRoot Software was used to simulate the reaction:
pp - EYE" 5 AntAn” > prnt ntprn T

. Isotropic distribution
] 10,000 events

] Ideal track Finder
=  Track reconstructed if > 6 FS hits
. Particle transport: Geant3

] Beam momenta: 4.6 GeV and 7 GeV




RESULITS



Number of reconstructed tracks, beam momentum

Number of reconstructed tracks, beam momentum 7

4.6 GeV
Setup |FTS1234 | o | FTS 1256 (o | FTS-Full |o
T 1,409 (38| 1,419 |38| 1,336 |37
T+ 1,400 |37 1,426 |38| 1,326 |36
From A
D 732 27 754 27 735 27
T 1,871 (43| 1,820 |43| 1,717 |41
From A
D 707 27 722 27 715 27
T+ 1,833 |43 1,864 |43| 1,694 |41

GeV
Setup |FTS1234| ¢|FTS1256|@ | FTS-Full | o
T 1,421 |38 1,413 [38] 1,367 |37
T+ 1,452 |38 1,471 |38| 1,403 |37
From A
p 817 |29 847 |29 829 |29
™ 1,515 |39 1,466 |38 1,438 |38
From A
D 780 |28 824 |29 790 |28
T+ 1,515 |39 1,495 |39 1,478 |38

* Biggest difference between set ups in number of pions.
* Data generated using different seeds.
* Numbers very similar between set ups.
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Number of reconstructed tracks, beam momentum

4.6 GeV
Setup |FTS1234 | o | FTS 1256 (o | FTS-Full |o
T 1,409 (38| 1,419 |38| 1,336 |37
T+ 1,400 |37 1,426 |38| 1,326 |36
From A
D 732 27 754 27 735 27
T 1,871 (43| 1,820 |43| 1,717 |41
From A
D 707 27 722 27 715 27
T+ 1,833 |43 1,864 |43| 1,694 |41
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Number of reconstructed tracks, beam momentum 7

GeV
Setup |FTS1234| ¢|FTS1256|@ | FTS-Full | o
T 1,421 |38 1,413 [38] 1,367 |37
T+ 1,452 |38 1,471 |38| 1,403 |37
From A
p 817 |29 847 |29 829 |29
™ 1,515 |39 1,466 |38 1,438 |38
From A
D 780 |28 824 |29 790 |28
T+ 1,515 |39 1,495 |39 1,478 |38

* Biggest difference between set ups in number of pions.
* Data generated using different seeds.
* Numbers very similar between set ups.



Reconstructed tracks, beam momentum 4.6 GeV

Reconstructed tracks, beam momentum 7 GeV

Set up FTS 1234 | FTS 1256 | FTS- Full

No. Events 10,000 10,000 10,000
Reco. E~ 56 62 52
Reco. =+ 64 62 51
Reco. A 239 251 240
Reco. A 251 252 225
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Set up FTS 1234 | FTS 1256 | FTS- Full

No. Events 10,000 10,000 10,000
Reco. E~ 141 164 163
Reco. =+ 161 167 168
Reco. A 401 415 399
Reco. A 394 416 399




Hits per track for all configurations of FTS1256, 4.6 GeV
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Number of hits

FTS1234 Blue : Most of the tracks hit the 4 stations

Red — FTS1256: Tracks get stuck or deflected after first station
but still a big number go through the four stations.

Magenta — FTSFull: Most tracks have hits in the 6 stations.

The shape of this plot is the very similar in the 7 GeV beam
momentum case.
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Tracks per event FTS, final state particles, 4.6 GeV
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No big difference between set ups.
FTSFull/FTS1234

FTS1234/FTS1256C
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Tracks per event 7 GeV
£ - TracksPerEvent :
S5000 = O ] Fraction of Reconstructed tracks
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* Red-FTS1256 * No big difference between set ups.
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* No big difference between set ups.

* FTSFull/FTS1234
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FT51234 Stations illumination, 4.6 GeV FT51256 Stations illumination, 4.6 GeV
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FTS1234 Stations illumination, 4 6 GeV FTS1256 Stations illumination, 4.6 GeV
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MC tracks FTS Full set up, 4.6 GeV
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Longitudinal vs radial momentum ¢ E = = 1
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. Reconstructed tracks FTS Full set up, 4.6 GeV
* Tracks reconstructed if:

= 121
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Radial momentum [GeV]

Radial momentum [GeV]

Longitudinal vs radial momentum

Anti-Protons MC tracks FTS Full set up, 4.6 GeV
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Pi Minus Reconstructed tracks FTS Full set up, 4.6 GeV
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Momentum vs angle of emission

Comparisson between simulated and
reconstructed tracks, full set up:

 Few tracks reconstructed at @ > 40°.
e Most tracks reconstructed at 8 < 20°.
* Same situation in partial set ups.

e Same situation at beam momentum 7 GeV,
only difference in range.
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Final state particles MCTracks FTS Full, 4.6 GeV

100 .
90= e |
1 Mean x 0.5314
80 Mean y 2561 — 10
StdDevx 0.7822 -
?O StdDevy 1553 ]
60 =
50 |
a0 hEMd., 1
30 2
20 :r:-. el i £
105 10
ORI wanrr . S I . 1 !
% 05 1 1B 2 25 3 35
Momentum [GeV]
Final state particles Reco tracks FTS Full, 4.6 GeV
— 100 4
E 90;— e 7553 — 10
s 80F Veany 1203 :
© 70E Std Dev x 0.9251 ]
L o c Std Devy 8821 |
~ B0 |,
50E- :
405—
30E-
20E: 10-*
10E-
L AN WP L e, SRR AR RO M v L o e Tl
% 05 1 1B "2 25 3 35

Momentum [GeV]



FTS FULL MC Tracks Protons, 4.6 GeV

Momentum [GeV]
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separated in momentum
region.

Tracks  from (anti)protons
emmited at 6 < 20° are
reconstructed.

Tracks from pions emmited at
0 < 40° are reconstructed.
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= Reconstruction acceptance FS
UNIVERSITET

Reconstruction efficiency FTS, final state particles, 4.6 GeV
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e Blue—-FTS1234
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 Magenta — FTSFull

Acceptance for particles emitted in
0 <10°.

Acceptance drops after 10°.

No reconstruction for particles emitted
at angles 8 > 4.0°.

No evident difference between set ups.



Reconstruction efficiency protons, FT5S, 4.6 GeV
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Acceptance Forward + Central
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= Conclusions

UNIVERSITET

 Number of reconstructed tracks is independent of the beam momentum.

* Most of the tracks are reconstructed using hits in all the stations.

* Position difference of the Station 6 between configurations FTS1256 and FTSFull.
 Number of hits in the stations decreases as we move away from the interaction point.

* Area surrounding the beam line has higher hit densities and it is lower at the edges of the
stations.

* Higher radial momentum tracks are not reconstructed. It is possible to distinguish between
pions and (anti)protons in the reconstructed tracks.
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OTHER PARTICLES (Full set ups)



Radial momentum [GeV]

Protons MC tracks FTS Full set up, 4.6 GeV
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Radial momentum [GeV]
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Anti-Protons MC tracks FTS Full, 7 GeV
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Pi Plus MC tracks FTS Full, 7 GeV
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Number of hits

Number of hits

FTS51234 Hits, 4.6 GeV

Z_plane
C Enfries 212180
- M BT
14090:_ SidDev 5867
12000
10000
8000
6000
4000F
2000
TR I N N T U W B B B A TN I T T T Y A BB
DU 100 200 300 400 500 600 70O
Z position [cm]
(a)
FTSFull Hits, 4.6 GeV
Z_planeFull
B Enfries 27roor
140001 Nean 4408
C Std Dev 127.5
12000F
10000
8000
6000
4000
2000
:....I....I.... ! ' B R | 'R B
DU 100 200 300 400 500 600 70O

Z position [cm]

FTS1256 Hits, 4.6 GeV

& 16000= s 107778
= 14000F- Saber  imas
B 12000F
E moumi—

80001

6000F-

4000F-

2000

% ~"00 200 300 400 500 600 700

Z position [cm]

(b)



Number of hits

Number of hits

FTS1234 Hits, 7 GeV

14000
12000
10000
8000
6000
4000
2000

Z_plane

Entries
Mean
Std Dev

214320

T
29.99

=

PRI T S T T B S A !
100 200 300 400

(c)
FTSFull Hits, 7 GeV

I R
o500 600

P B
700
Z position [cm]

14000
12000
10000
8000
6000
4000

2000

Z_planeFull

Eniries
Mean
Sid Dev

2788594

4385
1247

v by v v b
DU 100 200 300

400 500 00 700

Z position [cm]

Number of hits

FTS1256 Hits, 7 GeV

Z_plane1256
r Enfries 189351
14000 Mean 462 4
C Std Dev 183.4
12000
10000F
8000
6000
4000
2000
oo o by vy 1wy ' BT B | | B
OD 100 200 300 400 500 600 700

Z position [cm]




Partial set ups 4.6 GeV



1.2

0.8

0.6

0.4

Radial momentum [GeV/]

0.2

MC tracks FTS1234, 4.6 GeV

e

1.9 2 25

Z momentum [GeV]

—a

10-*

-
-

ot
=]

=
P

Radial momentum [GeV/]
=
(]

o
P

Reconstructed tracks FTS1234, 4.6 GeV

hMom r = 10
Entries Ta52
Mean x 0.yro2
Mean y 0.1063
Std Dewx 00077
Std Dewy 0.08792

10+

05 1 15 2 25 3 35
Z momentum [GeV]

S0



Radial momentum [GeV]

Radial momentum [GeV]

1.2

1

0.8

0.6

0.4

0.2

-05 0O

1.2

0.8

0.6

0.4

0.2

-5 0

Protons MC tracks FTS1234, 4.6 GeV

RAMCAlom_z_r_protons
Enimes 10000
Mean x 1.853
Meany 05455
Std Dewx 07044
Std Devy 0.1763

10’

107

0.5

1

1.5

2 25 3 35
Z momentum [GeV]

Anti-Protons MC tracks FTS1234, 4 6 GeV

NMCKom_z_r_antiorolons

Entries 10000
Mean x 18583
Meany  [.5456
Std Devx 07023
StdDevy D0.1765

0.5

1

1.5

2 2.5 3 3.5
Z momentum [GeV]

Radial momentum [GeV]

10

10

Protons Reconstructed tracks FTS1234, 4 6 GeV

121
L hMom_z_r_profons
L Entries 732 1
T Meanx 257
r Meany 0.2736
L Std Dev x 0.5827
0.8 StdDevy 0.119
B 10
0.6
0.4
r 107
0.2
_I 11 1 I 11 1 1 | 11 1 1 I 11 1 | | 11 1 | I 11 1 | | 11 1 | | 11 1 |
05 0 05 1 15 25 3 35

—
[

Radial momentum [GeV]
© o o
L= (=] oo

=
[

0.5

Z momentum [GeV]

Anti-Protons Reconstructed tracks FTS1234, 4.6 GeV

hMom_z_r_anbprotons

Entries 707
Mean x 2817
Mean y D.272

Std Dev x 0.4812

Std Dev y 0.1145

10

0 05

15 2

25 3

3.5

Z momentum [GeV]



Radial momentum [GeV]

Radial momentum [GeV]

1.2

0.8

0.6

04

0.2

1.2

0.8

0.6

04

0.2

Pi Plus MC tracks FTS1234, 4.6 GeV

e

hMCMom_z_r_pi plus

Entries 20000
Mean x 0.3249
Mean y 0.1369
Std Devx  0.2031
Sid Dev y 0.07015

25 3
Z momentum [GeV]

Pi Plus MC tracks FTS1234, 4.6 GeV

3.5

5

Capr
- T

hMCMom_z_r pi plus

Entries 20000
Mean x 0.3249
Mean y 0.1369
Std Devx  0.2031
Sid Dev y 0.07015

I-:‘IIIIIIIIIIIIIIIIIIIIIIII

05 |

1.5

25 3

35

Z momentum [GeV]

Radial momentum [GeV]

Radial momentum [GeV]

Pi minus Reconstructed tracks FTS1234, 4.6 GeV

1.2

0.8

0.6

04

0.2

hMom_z_r_pi_minus

Entries 3280
Mean x 0.3559
Mean vy 0.0708

Std Dev x 02145
Std Dev y 0.03531

|
&1

1.2

15

(h)

2

25 3
Z momentum [GeV]

Pi minus Reconstructed tracks FTS1234, 4.6 GeV

35

1

0.8

0.6

04

0.2

hMom_z_r_pi_minus

Entries 328D
Mean x 03859
Mean y 0.0708

Std Devx 02145
Std Dev y 0.03531

-0.5

0

0.5

1

1.5

2

25 3 35
Z momentum [GeV]

-

10

10+

-



=%
)

Radial momentum [GeV]
= = =
i o) oo

=
Mo

MC tracks FTS1256, 4.6 GeV

n

0 05 1 15 2 25 3

T
3.5

Z momentum [GeV]

10"

-
[

Radial momentum [GeV]
= o -
= o) o0

=
M

Reconstructed tracks FTS1256, 4.6 GeV

hMom_r_z

Entries BOODS
Meanx 07757
Meany 0.1082

Std Devx 0915
Std Devy 0.1001

25 3
Z momentum [GeV]

3.5



Radial momentum [GeV]

Radial momentum [GeV]

Protons MC tracks FT51256, 4.6 GeV

1.2r -
: hMCMom_z_r_protons T
1| Entries 10000 n
[ | Mean = 1.653
[ |Meany 05455 -1
0.8 stdDevx 0.7044 3
[ [StdDevy 0.1763 7
06F
C 10
04—
02F
r 10
_I 11 1 I 11 1 1 I 11 1 1 | 11 1 | I 11 1 1 I 1 1-1 1 | 1 -1 1 | I 11 1 1
-5 0O 0.5 1 15 P 25 3 3.5
Z momentum [GeV]
Anti-Protons MC tracks FTS51256, 4 6 GeV
121 ]
- hMCkam_z_r_ssHprotons N
1' Entries 10000 —
[ |Meanx 1.653
: Mean y 0.5456 — 1
L |stdDevx 07022 3
() Bt |StdDevy 01785 .
0.6F
B 10
04F
0.2
B 10
_I 1 11 I 11 1 1 I L1 1 1 I 11 1 1 I 11 1 1 I 11 11 I 11 1 | I 11 1 1

-5 0 05 1 15 2 25 3 3.5
Z momentum [GeV]

Radial momentum [GeV]

1.2

1

0.8

0.6

04

0.2

Protons Reconstructed tracks FTS1256, 4.6 GeV

hMom_z_r_protons

Enfries 754
Mean x 2583
Meany D2741
Std Dev x 0.5499
Std Devy 0.1219

102

-05 0 05

Radial momentum [GeV]

0.2

1.2

0.8

0.6

04

1

25 3 3.5

Z momentum [GeV]

Anti-Protons Reconstructed tracks FTS1256, 4 6 GeY

hMom_z_r_antipretons

Enfries

722

Mean x 2616
Meany 02787
Std Dev x 0.4721
Std Devy 0.1173

-05 0 O

5

1

1.5

2 25 3 35
Z momentum [GeV]

10-*

107



Radial momentum [GeV]

Radial momentum [GeV]

Pi minus MC tracks FT51256, 4.6 GeV

120
L hMCMom_z r pi_minus
L Enties 20000 10
1~ Meanx  0.3224
B Meany  0.1372
C Std Devx 0.2018
08 Std Devy 0.07032
L 1
0.6
04F
B 10
C e C e L b Ly
05 0 05 1 1.5 2 25 3 35
Z momentum [GeV]
(2)
Pi Plus MC tracks FT51256, 4.6 GeV
120
N hMCMom_z_r_pi_plus _E 10
- Enties 20000 3
L Mean x 0.3249 ]
R Meany 01369 7]
0.8 Std Devx  0.2031 ]
i Std Devy 0.07015 !
06F
04F
: {:: -- -H]'|
02— x
B I
C "- :‘IIIIIIIIIIIIIIIIIIIIIIII

05 1

I
i
=

1.5

2 25 3 35
Z momentum [GeV]

Radial momentum [GeV]

Radial momentum [GeV]

1.2

0.8

0.6

0.4

0.2

1.2

1

0.8

0.6

0.4

02

-05 0

Pi Minus Reconstructed tracks FTS51256, 4.6 GeV

10

hMaor_z_r_pi_minus
Entries 3235
Mean x 03601
Meany 0.07026
StdDevx 02117
Std Dev y 0.03445

o
I::J-

(h)

"2 25 3

35
Z momentum [GeV]

Pi Plus Reconstructed tracks FT51256, 4.6 GeV

10

10

0.5 1 1.5

2 25 3 35
Z momentum [GeV]



Final state particles MCTracks FTS1234, 4.6 GeV
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PARTIAL SET UPS 7 GeV
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Final state particles MCTracks FTS1234, 7 GeV
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Final state particles MCTracks FT51256, 7 GeV
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Total of reconstructed final state particles

Tracks with at least 1 hit at GEM

Set up 4.6 GeV 7 GeV
FTS1234 7,952 7.500
FTS1256 8,005 7.516
FTSFull 7,523 7,305

Beam mom FTS1234 FTS1256 FTSFULL
4.6 GeV 7540 7583 7301
7 GeV 6951 6927 6974




FTS1234 & GEM, 4.6 GeV FT51256 & GEM, 4.6 GeV

S 40: 3 S 40: 3
= 30F 1 = 30k 1
UPPSALA S 20f 4 5 20b _,
UNIVERSITET 10F 10F
oF . oF .
—10;— 10 _102_ 10
-20 20
_30; 102 _30; 103
405736726100 10 20 30 40 40536720 10010
X position
(a) (b)
FTSFull & GEM, 4.6 GeV
c 40 3
o E =
s 0 .
£ 2 ]
10;— Tracks with at least 1 hit at GEM
O ] Beam mom | FTS1234 FTS1256 FTSFULL
—10E 10
ook 4.6 GeV 7540 7583 7301
30 7 GeV 6951 6927 6974
4057307726 710010 20 30 40

X position



BEAM MOMENTUM: 7 GeV



Number of tracks

Hits per track for all configurations of FTS, 7 GeV
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Blue — FTS1234: Most of the tracks hit the 4
stations

Red — FTS1256: Tracks get stuck after first
station or they go through the four stations.

Magenta — FTSFull: Most tracks have hits in
the six stations.



Longitudinal vs radial momentum

Comparison between simulated and
reconstructed tracks, full set up:

 No reconstructed tracks with Pt > 1
GeV.

* Tracks reconstructed if:
e 0<Pz<2GeV & 3<Pz<6GeV
e 0 <Pt<1GeV

* Same situation for partial set ups.
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Final state particles MCTracks FTS Full, 7 GeV
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Reconstruction efficiency FTS, final state particles, 7 GeV
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Reconstruction efficiency protons, FTS, 7 GeV

—

i i e
W B o~ o ©

OD M0 20 30 40 50 60 70 80
Angle [Degrees]

Reconstruction efficiency pi plus, FTS, 7 GeV

0.9
0.8
0.7
0.6

0.5E
04F
03E
0.2E
015
- P b Boeoal ooy
%10 20 30 40 50 60 70 80

Angle [Degrees]

Efficiency

Efficiency

Reconstruction efficiency antiprotons, FTS, 7 GeV

—

=IOt e ot
L N W s o~ o ©

(:F,IIII s

10

20

30

40

a0

60 70 80
Angle [Degrees]

Reconstruction efficiency pi minus, FT5S, 7 GeV

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

=

60 70 80
Angle [Degrees]



UFPPSALA
UNIVERSITET

Efficiency

STT + FTS1234, final state particles, 7 GeV
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Hits per station, at 7 GeV

Hits per station, at 4.6 GeV

FTS1234 | FTS1256 | FTSFull
Station 1 | 57,419 | 58,417 | 55.340
Station 2 | 55.161 55.556 | 53.179
Station 3 | 51,000 49.136
Station 4 | 51,240 48,903
Station 5 30.658 | 37.817
Station 6 35.720 | 34,520
TOTAL | 214,820 | 189,351 | 278,994

FTS1234 | FTS1256 | FTSFull
Station 1 | 60,003 | 61,185 | 56,691
Station 2 | 56,282 | 57.072 | 53,153
Station 3 | 48,680 46,094
Station 4 | 47,215 44017
Station 5 41,719 | 39,244
Station 6 37.752 | 36,008
TOTAL | 212,180 | 197,728 | 277,007




