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Events generation

SpdRoot
Primary generator: Pythia8
Minimum bias

P8gen->SetParameters("SoftQCD:nonDiffractive = on");

Detector setup, etc.: asin SimuQs1Py8.C
10 000 events



Data to analyse

* SpdTsTBPoint
- GetEnergyLoss() - dE -

dE/dx
- GetSegmentLength() - dx —

* SpdMCTrack

- GetP() - momentum

- GetPdgCode() - particle type



Distributions of segment lengths (dx)
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Distributions of energy losses (dE)
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Distributions of dE/dx
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Track analysis

* Each track (usually) crosses several straw tubes.

* In simplest case, we calculate mean value of
dE/dx for each track.

* To calculate the truncated mean, we discard
certain percentage of points with highest values
of dE/dx.



Number of tubes each track crosses
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dE/dx [keV/cm]
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Finding optimal truncation
parameter value

e Scan over truncation parameter value
from 0% to 90% with step 5%.

* Get «slice» of truncated mean dE/dx distribution in
momentum range 0.9 .. 1.1 GeV/c.

* Fit it with gaussian distribution.
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Truncated mean dE/dx atp =1 + 0.1 GeV (pions)
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Truncated mean dE/dx atp =1 + 0.1 GeV (kaons)
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Truncated mean dE/dx at p =1 £ 0.1 GeV (protons)
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Truncated mean dE/dx distribution sigma
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Particle resolution

* Truncation parameter = 35%

* For each bin in momentum and each particle type, make a
fit of truncated mean dE/dx distribution.
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Pions resolution
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dE/dx [keV/cm]
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Conclusions

* Analysis of dE/dx in straw tracker of SPD for particle
identification using «truncated mean» method was
performed.

* Optimal value of truncation parameter is in the range
0.30 .. 0.55.

* Pions can be separated from kaons up to ~0.7 GeV,
pions and kaons from protons up to 1.2 GeV.

24



Backup slides



dE/dx [keV/cm]

dE/dx [keV/cm]

dE/dXx vs

dE/dx vs p (pions)

h_dEdx_p pi — 8
Entries 3396181 §
Meanx  0.5229 >
Mean y 2.344 =
StdDevx  0.3981 3
StdDevy  1.391 o

p [GeV]

Entries 361555
Mean x 0.9729
Mean y 3.786
Std Devx 0.4998
1.885

dE/dx [keV/cm]

dE/dx vs p (kaons)

h_dEdx p K

Entries 202636

= [Meanx  0.8495

Mean y 2.735

h dEdx p e

Entries 1839067
Meanx  0.04785
Mean y 2.378
Std Dev x 0.09453

-
= Std Devy  1.259
_ % m
= =
=
i :
o=
x4 |
o™
LB
A P B
2 25 3
p [GeV]

26



0.045
0.035F
0.025F

0.015F

Distributions of dE/dx

dE/dx [0.0 < p < 0.5 GeV] dE/dx [0.5 < p < 1.0 GeV] dE/dx [1.0 < p < 1.5 GeV]

0.04F
0.03F

0.02F

6 7 8

dE/dx [keV/cm] dE/dx [keV/cm] dE/dx [keV/cm]
dE/dx [1.5 < p < 2.0 GeV] dE/dx [2.0 < p < 2.5 GeV] dE/dx [2.5 < p < 3.0 GeV]

dE/dx [keV/cm] dE/dx [keV/cm] dE/dx [keV/cm]

27



60000

50000

40000

30000

20000

10000

Distributions of dE/dx

dE/dx [0.0 < p < 0.5 GeV] (pi)

_dEdx_by_p_pi 0

Mean
Std Dev

Entries 2017604

2.578
1.483

0 1 2 3 4 5 6 7 8

dE/dx [keV/cm]

dE/dx [1.5 < p < 2.0 GeV] (pi)

_dEdx_by_p_pi_3
B Entries 70023
[ Mean  2.103
5 Std Dev 1.192
2500
2000
1500 -
1000 -
500 -
N AT TP P P e
o 1 2 3 4 5 6 7 38

dE/dx [keV/cm]

40000

35000

30000

25000

20000

15000

10000

5000

dE/dx [0.5 <p < 1.0 GeV] (

pi)

h_dEax by p pi 1

Mean
Std Dev

Entries 1001723

1.993
1.167

0 1 2 3 4 5 6

7

8

dE/dx [keV/cm]

dE/dx [2.0 < p < 2.5 GeV] (

pi)

h dEdx by p_pi 4

900:_ Entries 21771
F Mean 2144
o Std Dev  1.202

800

700

600

500

400

300F

200

100

P PP TP I IR IR it i P2 =

0 1 2 3 4 5 6 7 8

dE/dx [keV/cm]

10000

8000

6000

4000

2000

dE/dx [1.0 < p < 1.5 GeV] (pi)

_dEdx_by _p_pi_2

Entries
Mean
Std Dev

273916

2.046
1175

1 2 3 4 5 6 7 8

0
dE/dx [keV/cm]
dE/dx [2.5 < p < 3.0 GeV] (pi)
dEdx_by_p_pi_5
300 Enties 7030
: Mean 2195
5 StdDev  1.203
250
200
150~
100
s0f
R T S R R S-S

dE/dx [keV/cm]



Distributions of dE/dx

=]

dE/dx [0.0 < p < 0.5 GeV] (K) dE/dx [0.5 < p < 1.0 GeV] (K) dE/dx [1.0 < p < 1.5 GeV] (K)
b_dEdx by p_K 0] h_dEdx by p K_1  dEdx_by_p K_2
- Enties 53971 N Enties 92329 1600~ Entries 37597
o Mean 4.124 3000 = Mean 2.499 L Mean 2.081
[ StdDev  1.638 E StdDev 1272 1400F StdDev  1.189
F 2500 [
- r 1200 =
: 2000 1000F
3 1500 f- s0oF
: 600
3 1000 !
:— L 400~
[ 500 [ [
3 - 200 N
S PV PUUI PUUE PP PP P P N AP P T T PR PR e b b b L e
T2 3 4 5 6 7 8 01 2 3 4 5 8 7 38 0 T 2 3 4 5 8 7 8
dE/dx [keV/em] dE/dx [keV/em] dE/dx [keV/cm]
dE/dx [1.5 < p < 2.0 GeV] (K) dE/dx [2.0 < p < 2.5 GeV] (K) dE/dx [2.5 < p < 3.0 GeV] (K)
h_dEdx by p K 3| h dEdx by p K 4 dEdx by p K 5
'_ Entries 13501 o Entries 3462 : Entries 1230
[ Mean 2 140 Mean  1.959 5 Mean 2044
[ StdDev  1.152 L StdDev 114 s0l- StdDev  1.169
- 120 [
: i ok
o 100[ !
; sof- soF
[ 6o [
[ [ 20~
[ aof i
a N 10 -
i 20f [
L PP P TS B . ok 0
T2 3 4 5 6 7 8 o 1 2 3 4 5 6 7 8 o 1 2 3 4 5 6 7 8

dE/dx [keV/cm] dE/dx [keV/cm] dE/dx [keV/cm]



[ Entries 156885
800 3 Mean 6256
[ IstdDev  1.236
700 [~ N
600 -
500 -
400
300
200
100
I
dE/dx [keV/cm]
dE/dx [1.5 <p < 2.0 GeV] (p)
h_dEdx by p p 3
800 5 Entries 19153
[ Mean 2.236
700 StdDev  1.201
600
500 [
400
300
200
100
N T TR DR P e
0 1 2 3 4 5 6 7 8

Distributions of dE/dx

dE/dx [0.0 < p < 0.5 GeV] (

)

b dEdx by p p 0

dE/dx [keV/cm]

h_dEdx_by_p_p_1
2200 :— Enties 119764
r Mean 4125
2000 |- StdDev  1.581
1800
1600 |-
1400
1200
1000 -
800
600
400
200
N 5= I T PN P P PN PO
0 1 2 3 4 5 6 7 8
dE/dx [keV/cm]
dE/dx [2.0 < p < 2.5 GeV] (p)
h_dEdx by p_p_4
N Entries 8191
350 Mean 2.088
r Std Dev  1.15
300
250
200F
150
100f
50
0
0 1 2 3 4 5 6 7 8

dE/dx [0.5 < p < 1.0 GeV]

)

dE/dx [keV/cm]

dE/dx [1.0 < p < 1.5 GeV] (p)
b dEdx by pp 2
1800F Entries 52349
[ Mean 2.641
1600~ StdDev  1.282
1400f
1200
1000
800
600
400f
200f
0 NN ENENE FRETE FEERE FEEEE FETTE FEres s
0 1 2 3 4 5 6 7 8
dE/dx [keV/cm]
dE/dx [2.5 < p < 3.0 GeV] (p)
b dEdx by p p. 5
F Entries 3349
140 Mean 2072
[ StdDev  1.205
120
100f
8of-
60f-
aof
20f
0
0 1 2 3 4 5 6 7 8
dE/dx [keV/cm]



Distributions of dE/dx

dE/dx [0.0 < p < 0.5 GeV] (e) dE/dx [0.5<p < 1.0 GeV] (e) dE/dx [1.0<p < 1.5 GeV] (e)

h_dEdx by p e 0 h dEdx by p e 1 h dEdx by p e 2

: Entries 1821709 o Entries 15119 [ Entries 1781

[ Mean 2375 500 Mean 274 [ Mean 2.723

60000 [~ StdDev  1.258 [ Std Dev  1.309 70k Std Dev 1.313
50000 |- 400} 60~
[ L 50
40000 - L F
- 300 :
[ r a0
30000 - A [
[ 200 30
20000 - - ;
. L 20 o
[ 100}~ [
10000 = - 1ok
N AP T P P P PR e N P IS P N Y PN I o:

0 1 2 3 4 5 6 7 8 0 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8

dE/dx [keV/cm] dE/dx [keV/cm] dE/dx [keV/cm]
dE/dx [1.5 < p < 2.0 GeV] (e) dE/dx [2.0 < p < 2.5 GeV] (e) dE/dx [2.5 < p < 3.0 GeV] ()
h dEdx by p e 3 h dEdx by p e 4 h dEdx by p e 5
14 [ Entries 366 6 [ Entries 92 1 Entries 0
B Mean 2.906 N Mean 2.934 L Mean 0
[ Std Dev 1.369 [ Std Dev 1.548 | StdDev 0
121 = I
5 X 0.8
10 [ |
[ ‘r [
s - os|-
L 3 - L
r L 0.4}
[ 2 [
4 [ I
[ . 02|
2| Ly L
ol ok ol b b e b e
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8

dE/dx [keV/cm] dE/dx [keV/cm] dE/dx [keV/cm]



dE/dx [keV/cm]

- N [} E

o

©

~

i T[T T[T T[T [TI T[T T[T TorTT

dE/dx [keV/cm]
—_ n w £ (4] »

o

Truncated mean dE/dx (20%)

dE/dx (trunc. mean 20%) (pions) dE/dx (trunc. mean 20%) (kaons)
h_dEdxTruncMean_p_pi_4 — 8 : h_dEdxTruncMean_p_K_4
Entries 43026 5§k Entries 2740
Meanx  0.5495 > E Meanx  0.8245
Mean y 1.875 X 7 Mean y 2.382
StdDevx 0.3745 3 StdDevx 0.4175
StdDevy 0.7298 % Py Std Devy  1.057
5
— =
— 3
- 2
- 1=
:....I....I....I....I....I.... 0:....I....I....I....I....I....
0 0.5 1 1.5 2 25 3 0 0.5 1 1.5 2 25 3
p [GeV] p [GeV]
dE/dx (trunc. mean 20%) (electrons)
h_dEdxTruncMean_p_p_4 8 h_dEdxTruncMean p_e 4

Entries 8313
Meanx  0.08084
Mean y 1.946
Std Devx 0.1245
Std Devy 0.2279

Entries 4317
Mean x 0.9294
Mean y 3.723
Std Devx  0.4399
StdDevy 1.715

dE/dx [keV/cm]
~

32

o

o
o
o
N
[N
o
w
o
o
o
o
N
[N
o
w




dE/dx [keV/cm]

Truncated mean dE/dx (20%)

(00}

h_dEdxTruncMean_p_e_4

I|IIII|IIII|IIII

Entries 8313
Mean x  0.08084
Meany 1.946
Std Dev x 0.1245
Std Devy 0.2279

33



1200

1000

Distribtion of truncated mean dE/dx (35%)
for different momenta, pions

pi, 0.0 < p < 0.1 GeV

T p1
s o
Mo soo
S0 aert
o Indt 7247/ 44
Consan 215 109
Vom 5o Loois

Sigma_ 07254+ 00481

dE/dx [keV/cm]

pi, 0.5 <p < 0.6 GeV

hp_pi_6
Enrras w“na
Mean 139
SidDev ong
o Inat 27411
Constam 1229+ 227
Mean 1395 £0.002
Sgma__ 01158+ 00013

dE/dx [keV/cm]

pi, 1.0<p< 1.1 GeV

hp pi 11
Enras 1269
Mean 142
SidDev onn
o Inat a6 /8
Constan 3644 £ 126
Mean 142 £ 0003
Sgma__ 01103+ 0002

Illl [P PP PP PP |

12 3 4 5 6 7 8
dE/dx [keV/cm]

pi, 0.1< p < 0.2 GeV

pi, 0.2 < p<0.3 GeV

pi, 0.3 < p < 0.4 GeV

pi, 0.4 < p < 0.5 GeV

hp_pi_2 hp_pi 3 hp_pi_4 hp_pi_5
1600
Entrs £ Entios 9 Enves 70 Entries 5242
400 Vean 26 1200 vean 01 Mean 147 1400) Mean 1.414
54 Dov a1 54 Dov 0336 1400 SdDev 01949 Std Dev 0.1263
3s0f 2 fndt 241169 1000) PRL g 2892/50 1"/l 7108128 1200} %7 Indf 36.18/15
Consant B11x1a Comsant 1209 £ 196 1200 Constant 152 £ 254 Constant 1470+ 25.6
300 Moan 2291 0015 Moan 1653 £ 0002 Mean 1.467 £0.002 Mean  1.412+ 0002
Sgma 03095 : 00082 00 Sgna 01592100014 1000 sora 012131 00072 1000 Sigma_0.113+ 0.001
800)
800
60|
600|
600
40|
400 40|
200)
200 L 200) i
[T PP PP | o PP PP PP PP | [PPPPT PP PR PO PP |
6 o 2 3 4 5 6 2 3 4 5 6 7 8 1 2 3 a4 5
dE/dx [keV/em] dEjdx [keV/em] dE/dx [keViem] dE/dx [keV/em]
pi, 0.6<p<0.7GeV pi, 0.7 <p<0.8 GeV pi,0.8<p<09GeV pi,0.9<p<1.0GeV
hp_pi_7 hp_pi 8 hp_pi_9 hp_pi_10
1000l s ) 800) Entves 2027 600 Eavos 215 s 1624
Maan 1391 Maan 401 Moan “404 450) Maan a1t
St Dov [ 700 Do 0178 siada oy 00 St Dov 1162
i ind 25108 i ot 138/ 500 i nd 2718 i ind 570018
8o Consant 1018 2214 600 Consant 8064 £ 184 Constant 6057 + 164 350) Consant 4467 £ 126
Maan 13912 0002 Maan 14200 Moan 408 £0.002 Maan 14112 0003
Sgra___01113: 00014 w00 Sgna___0111420004 400 sgra___ 011132 00018 300) Sgma 01156+ 001
s00f
250)
40| 300
200)
400
00|
200 150
200)
100
200
100
100 50
[FPPPY PP PP PP PP | PP PP FPPPL PP o [P PP PP PP | [P PP FOPI PP FPPI
23 4 5 6 o 2 3 4 5 34 6 8 1 2 3 a5
dE/d [keVicm) dEldx [keV/em] dEfdx [keVicm) dE/d [keV/em]
pi, 1.1 <p<1.2GeV pi,1.2<p<1.3GeV pi,1.3<p<1.4 GeV pi, 1.4 < p < 1.5 GeV
i 12 i i i
p_Di 200] p pi 13 p_pi_14 p pi 15
B ) Entves o Eaves s B )
Maan ran4 Maan e 120 Moan 1461 Maan 147
250 180 100
St Dov o102 S Do ors2 siada 016 St Dov o102
i ind a0 160 i ot 608/ i nd 15216 i ind e85
Constant 2816 4110 Constant 1896 £9.1 100 Constant 130474 Constant 107 £ 7.1
L 8
200 Maan 1444 £ 0004 140 Maan 1.449 £ 0004 Moan 1461£0.005 Maan 1.469 £ 0006
Sgra 01082+ o024 120 Sgna___01ws:00m2 0 sgra 011722 00041 Sgma 01096+ 00045
1s0f 60
100
60
8
100f 0
40
0
sof 20
» 34
; L
PPPT PPPPL PP PP PP | PP PPPI PPP PP | PP PP PP PP | [ IR TTT T P PP PP |
0 2 38 4 5 7 8 K 2 3 4 5 6 7 8 3 4 78 7 2 s 4 5 6 7 8

B
dE/dx [keVicm]

dEfdx [keV/om]

B
dE/dx [keV/cm]

dE/dx [keV/om]



Distribtion of truncated mean dE/dx (35%)
for different momenta, pions

pi, 1.5 < p < 1.6 GeV

pi,20<p <21 GeV

pi, 1.6<p<1.7GeV

pi, 1.7<p<1.8GeV

pi, 1.8<p < 1.9 GeV

pi, 1.9.< p < 2.0 GeV

pi, 2.5 < p <26 GeV

Tp_pi 16 ™o P 17 T pl 18 Tp_pi 19 Tip_pi 20
Entras 27 Entrs 187 Entios 126 30 Entries 11 Entrs 107
Mean 1477 50 = Mean 149 40 Mean 1478 Mean 1.508 20 Mean 1509
SidDov o St Dov 01135 S Dov 015 Std Dev 0.1184 St Dov o104
2 fndt 83716 PRLd 220116 35 PRL g oa4m2/4 25 %"/ ndf 3458/6 2 fndt 0356715
Constant 69.07 £ 580 whk Constant 5297 + 485 Constant 4186 £ 427 Constant 30.73+ 364 2 Constant 3285 £ 401
Mean 1477 £0.008 Moan 1494 +0008 30 Moan 1478 £ 0010 Mean  1.505+ 0.011 Moan 150 £ 0010
Sgma  0.1104+ 0.0060 Sigma. 01118 + 00063 Sigma. 0.1208 + 0.0087 20 Sigma  0.112+ 0.008 2 Sigma. 0.1038 + 00078
o & 2
15
2 15
oF 15
10 0
10
i s s
5
TFPPPL PPP PPP | l [PPPPT PPN PPN PP | TP FPPI PPP PP | o TPPPPL PP PRPPL PP PO | [PPPPT PP PR PO PP |
4 5 6 12 8 4 6 o 3 4 5 6 2 3 4 5 6 8 ° 2 3 4 5
dEfdx [keV/cm] dE/dx [keV/em] dEjdx [keV/em] dE/dx [keViem] dE/dx [keV/em]
pi,21<p<22GeV pi,22<p<2.3GeV pi,23<p<24GeV pi,2.4<p<25GeV
hp_pi_21 hp_pi_22 hp_pi_23 hp_pi_24 hp_pi_25
Entries 58 6 s ) 14 Entries 2 Eavos “ s @
Mean 1.508 Maan 1438 Mean 1518 Moan e Maan 152
StdDev  0.09804 A S Do 1058 Std Dev 009912 1 s o187 10 S Do o1
%7 ndf 1482/3 i ind 0408413 ? 27 /ndi 08091/3 i nd 230415 i ind 201914
Constant 17.63+ 324 2k Consant 1572 +268 Constant 1266+ 268 Constant 9416 £2059 Consant 7927 = 1532
Mean 1506+ 0.015 Moan 1509 + 0024 10| Mean 1519+ 0.018 8 Mean 1516 +0.023 8 Moan 1,494 + 0030
Sigma_0.105+ 0.016 3 Sgra 01296+ 0025 Sigma_0.106+ 0,018 sgra___ 01329 0029 Sgma 01304+ 00261
8 6 6
sf
6
Cl o 4 4
4
af
2 2
2f J 2
Losaalosealoie,l [P PP PP PP | PP PP PP PP o [P PP PP PP | I. TP PP PPPOL PO PP
4 5 12 3 4 5 6 o 3 4 5 6 8 23 4 6 8 % 3 4 5 6 7
dEfdx [keV/cm] dE/d [keVicm) dEldx [keV/em] dEfdx [keVicm) dE/d [keV/em]
pi, 2.6 < p <27 GeV pi, 2.7 <p<2.8 GeV pi, 2.8 < p < 2.9 GeV pi, 2.9 < p < 3.0 GeV
hp_pi 26 p_pi_27 p pi 28 p_pi_29
S o sf B o 4 Entves T Eaves " 3 Entries
Mo 152 Maan 157 Maan a3 Moan 156 Mean 1.524
SidDov 01085 St Dov ooses2 35 S Do 01289 siada o1 Std Dev 01466
2 fndt 0221812 25p PRLd 021542 PRL g 121814 1"/l 01634 /2 2.5] %% Indf 1.454 /3
Constan 3564 £ 17794 Consant 2608 £ 1176 N Consant 26112 100 Constant 47112 21652 Constant2.203+ 8.168
Mo 2007 £3855 Maan 1501 £0.081 Maan 1612 005 Moan 009625 £ 43508 Mean 306+ 517
Sgma___ 04053+ 07274 2r Sgra 0142301001 2 Sgna___ 01573200614 Sgra 7 1o 2 Sigma_1.466+ 1419
15p 2 15
1.5
1
1
osp 05
05
Lovalonealanl 1 [PPPPL PPN PPN PP | L PP PPPI PPP PP | TP PP |
4 5 8 o 1 2 8 4 5 6 7 8 K 3 4 5 6 7 8 6 7 8 k) 3 4 5 6 8
dEfdx [keV/cm] dE/d [keVicm) dEldx [keV/em] dEfdx [keVicm) dE/d [keV/cm]

35



Distribtion of truncated mean
for different momenta,
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Distribtion of truncated mean
for different momenta,
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Truncated mean dE/dx (35%) at p = 1.8 GeV
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