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● Outcomes of the 7th Collaboration Meeting
● UrQMD problem
● P-dependence of CSC/TOF400 residuals on 

particle type
● CSC/TOF400 residuals after applying π+-

corrections
● P/Y spectra after applying π+-corrections
● P spectra for π+ and p-corrections
● Trigger efficiency

Content
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● Using a modified Gauss to fit m2

● Background from mixed events
● Background from the detectors
● CSC/TOF400 residuals (ππ+-Corr) for MC
● CSC efficiency (πData)
● Identified track residuals (πData vs MC). Tuning 

results (πSi, GEM)
● χ2/ndf and DCA for identified tracks (πData vs 

MC)
● Si/GEM efficiency (πData vs MC)

Content
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● Analyzes using this version of tracking
● CSC efficiency (πData vs MC)

Content
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● A strong dependence of CSC/TOF400 residuals 
on P

● There are two main reasons: scattering on the 
material and the difference between the field map 
and the real magnetic field

● Detailed GEM geometry has been applied
● We start to take into account the dependence on p 

when matching tracks with CSC and TOF400 hits
● We begin to recalculate the efficiencies of GEM, 

CSC and TOF400, taking into account the 
smearing of residuals depending on P

Outcomes of the 7th CM
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UrQMD problem (πCSC)

Y<10 cm

σdx

Data UrQMD
Y<10 cm

<dx> ● Strange behavior 
at high p

● UrQMD breaks 
fragments to 
nucleons

dx = xExtrap - xCscHit

Reco UrQMD Reco Data 
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Use DCM-QGSM
instead of UrQMD (πCSC)

Y<10 cm

σdx

Data DCM-QGSM
Y<10 cm

<dx>

● Strange behavior at high p not reproduced
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P-dependence of CSC/TOF400 
residuals on particle type

π d

30<Y<50 cm

σdxCSC

p

30<Y<50 cm

<dxCSC>

● dxCSC and dxTOF400 are 
correlated

● We can use this correlation 
to filter the “good” tracks

Data
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● <dx>(πp) close to 0 at p<2.5 GeV/c

Dataσdx <dx>

CSC 

TOF400 

CSC/TOF400 residuals after 
applying π+-corrections
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P/Y spectra after applying π+-
corrections

● From 6th 
Collaboration 
Meeting

● Without dynamic 
windows

● New result
● With dynamic 

windows
● P and Y spectra for 

π+ become softer
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● Spectra with π+ and 
p-corrections are 
close to each other

● The number of 
identified particles 
of each type is bit 
higher for p-
corrections due to 
larger CSC/TOF400 
matching windows

π+

K+

p

d

Data

P spectra (ππ+, K+, p, d)
for π+ and p-corrections
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Trigger efficiency

● For K+, Tr1 (πBD>1 & Si>2) efficiency higher than for  π+

● Trigger efficiency for Tr1 is significantly less than for Tr2 (πBD>3)
● This new result is comparable to the previous one from DAC on 

18.06.2019 (πsee Backup, slide 41)
● This result was used to check more detailed calculations of the 

trigger efficiency made by Anastasia Huhaeva

Data
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Using a modified Gauss to fit m2

Interval
(m/q)2

peak
(-0.3,0.16) (0.16,0.34) (0.5,1.2) (-5,5)

f
π+

() 75613 135 7 75791

f
K+

() 449 2567 91 3366

f
p
() <1 <1 158539 158559

● The new fitting 
method can be used 
to compare with the 
previous one

● Good (πm/q)2 shape 
description

● Large tails for K+

Data
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Background from mixed events
Not Mixed EventsMixed Events

● The background from mixed events has a landau 
shape with a maximum in the pion mass

● Background level at 0.34<(πm/q)2<0.54 around 10 
on each plot. So we can assume the same nature 
of it

● bkg/sigK+≤22%, bkg/sigπ+≤3%

Data
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Background from the detectors

Data

MC

ZPV 
(πPrimary 
Vertex) 
distribution 
with DCA 
cut

● σZpvData=0.40 cm, σZpvMC=0.43 cm. Close to each other

● About 91% identified π+ in MC at |zpv-zTarg|<2.5 cm

● Detector background (πdue to the interaction of the beam  with the 
detector elements near the target) for π+ ~8% (π|zpv-zTarg|<2.5 cm) 
(πassuming linear background behavior)
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CSC residuals (ππ+-corr)

MC

Data

● <dx>(πp) close to 0 at p<2.5 GeV/c for MC as well as for the Data
● Matching windows for MC and for Data are applied separately
● The same for TOF400

Y slice 0, dx

<dx> σdx
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CSC efficiency (πData)
● Efficiency  

increased by 
~10%

● Same runs 
with low 
efficiency

● New cut for 
“good runs” 
ECSC>50%

● The number of 
“good runs” 
increased by 
more than 10%

New

Old

Main zone
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Identified track residuals.
Tuning results (πSi, GEM)

● Residuals 
for Data 
and MC 
are close 
to each 
other

X

Y

X

Y

Si1 Si2 Si3

GEM1 GEM2 GEM3

Data
MC
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χ2/ndf and DCA for identified tracks

● χ2/ndf and DCA for Data and MC are close to each 
other

Data
MC



Vasilii Plotnikov, 04.10.2021 20

Si/GEM efficiency (πData vs MC)
After EffMC tuning

Si1 Si2 Si3

GEM1 GEM2

GEM3

GEM4

Y<15 cm Y>15 cm

Y<15 cm Y>30 cm15<Y<30 cm

● EffSi/GEM for 
Data and 
MC are 
close to 
each other

Data
MC
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● Lambda analysis in Ar run

(πPavel Batyuk)
● ToF-700 fragment analysis in Ar run

(πLalyo Kovachev)
● ToF-400 fragment analysis in Ar run

(πKsenia Alishina)
● ToF-700 π+,K+ analysis in Ar run

(πAnastasia Huhaeva)

Analyzes using
this version of tracking
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CSC efficiency (πData vs MC)

● Efficiencies for Data and MC are close to each other

Data MC
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Data and MC TOF400 efficiencies 
comparison

● Efficiencies for Data 
and MC are close to 
each other

Data

MC
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Thank you!
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Backup
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Detailed vs simple GEM geometry

● New layers (πblack), frames (πindigo), electronics 
(πgreen) were added for each GEM sensitive volume

● Broken station was added
● Detailed geometry from D. Baranov



Vasilii Plotnikov, 04.10.2021 28

Detailed Si/GEM geometry

● Made by Dmitriy Baranov 
● Left plot – current geometry, right plot – new geometry
● New geometry gives additional background (πembedding is aimed to 

solve it) and prevents π+ from passing through identification 
detectors
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Taking into account
detailed GEM geometry

● Material budget is calculated using straight tracks from the target
● Material budget has been significantly increased in GEM detailed 

geometry
● Much of the material budget comes from frames around the beam 

hole
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● Short tracks are reconstructed using hits from last four GEMs
● Short tracks are extrapolated upstream and refitted with matched 

hits from first two GEMs and Silicones
● Tracks are extrapolated downstream and refitted with matched 

hits from CSC

Si+GEM+CSC+Extend features
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σ
dxCSC

(πp)

Y<10 cm

π d

10<Y<30 cm

30<Y<50 cm Y>50 cm

p
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<dx>
CSC

(πp)

Y<10 cm 10<Y<30 cm

30<Y<50 cm Y>50 cm

π dp



Vasilii Plotnikov, 04.10.2021 33

σ
dxTOF400

(πp)

Plane 1

π

Plane 2 Plane 3

p d

Plane 6 Plane 7 Plane 8
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<dx>
TOF400

(πp)

Plane 1

π

Plane 2 Plane 3

p d

Plane 6 Plane 7 Plane 8
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● <dxCSC>(πp) close to 0 at p<2.5 GeV/c

dx
CSC

 vs p/q
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● <dyCSC>(πp) close to 0 at p<2.5 GeV/c

dy
CSC

 vs p/q
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● <dxTOF400>(πp) close to 0 at p<2.5 GeV/c

dx
TOF400

 vs p/q
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● <dxTOF400>(πp) close to 0 at p<2.5 GeV/c

dx
TOF400

 vs p/q
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● <dyTOF400>(πp) close to 0 at p<2.5 GeV/c

dy
TOF400

 vs p/q
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● <dyTOF400>(πp) close to 0 at p<2.5 GeV/c

dy
TOF400

 vs p/q
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Eff
Trig

 calculation
● For BD>2, BD>3 runs, calculate number of K+ and 

π+ without additional cuts (πNK+,SiEmpty and Nπ+,SiEmpty) 
and with Si>2 cut (πNK+,Si>2 and Nπ+,Si>2)

● For Si>3 runs, calculate number of K+ and π+ 
without additional cuts (πNK+,BdEmpty and Nπ+,BdEmpty), 
with BD>1 (πNK+,BD>1 and Nπ+,BD>1) and with BD>3 
(πNK+,BD>3 and Nπ+,BD>3) cuts

● EffK+,BD>1=NK+,BD>1/NK+,BdEmpty and so on

● EffK+,BD>1&Si>2=EffK+,BD>1*EffK+,Si>2
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DAC, 18.06.2019
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Using a modified Gauss to fit m2

Interval
(m/q)2

peak
(-0.3,0.16) (0.16,0.34) (0.5,1.2) (-5,5)

f
π+

() 76551 324 42 77096

f
K+

() 20 2155 <1 2175

f
p
() <1 <1 158374 158377

● To integrate fit function in ROOT
fkp->Integral(πleft, right)/bin_width

Gauss

● (πm/q)2 
description on 
the right from K+ 
is not so good
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Using a modified gauss to fit

peak
fit

f
π+

(), (-5,5) f
K+

(), (-5,5) f
p
(), (-5,5)

3MGauss 75791 3366 158559

2MGauss
+Gauss

77096 2175 158377

|Δ|/mean 0.017 0.43 0.001

● Are we calculating the number of K+ 
correctly?
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Using a modified Gauss to fit m2

// 5 parameters
Double_t MTHgaussianPeak(πDouble_t *x, Double_t *par) 
{
  Double_t sq, zz, alfa, vv, uu, rr;

  zz = (πpar[1]-x[0])/par[2];

  //alfa = 1. + sqrt(πpar[3]*par[3] + par[4]*par[4]) +par[4]*tanh(πzz);
  // Modified Gauss with symmetry
  alfa = 1. + sqrt(πpar[3]*par[3] + par[4]*par[4]) +par[4]*tanh(πfabs(πzz));

  vv = 1. +0.5*(πzz*zz)/alfa;
  uu = -1.*alfa*log(πvv);
  rr = par[0]*exp(πuu);

  return rr;
}
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Background from the detectors

{
N DL=N DLS+N DLB

N DM=N DMS+N DMB

N DR=N DRS+N DRB

N DMB=(N DLB+N DRB)/2
N DLS=C⋅NMLS

N DMS=C⋅NMMS

N DRS=C⋅NMRS

⇒
NDMB

N DM

=1−

2−
N DL+N DR

N DM

2−
NMLS+NMRS

NMMS



Vasilii Plotnikov, 04.10.2021 47

CSC residuals (ππ+-corr)

MC

Data

● Residuals for MC are somewhat wider

Y slice 0, dx
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CSC residuals (ππ+-corr)

MC

Data

● Residuals for MC are somewhat wider

Y slice 1, dx
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CSC residuals (ππ+-corr)

MC

Data

● Residuals for MC are somewhat wider

Y slice 0, dy
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CSC residuals (ππ+-corr)

MC

Data

● Residuals for MC are somewhat wider

Y slice 1, dy



Vasilii Plotnikov, 04.10.2021 51

CSC efficiency (πData)
● Efficiency  

increased by 
~10%

New

Old

Hot zone
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CSC efficiency (πData)

● “Broken” top left corner shows higher efficiency
● 509 “good runs” for the new algorithm instead of 429 

“good runs” for the old one

OldNew
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Data and MC CSC efficiencies 
comparison (πold results)

● “Good runs” - runs with EffCSC>40% in the Main 
zone

● MC and Data efficiencies are close to each other

Data, good runs MC
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Identified tracks residuals.
Tuning results

Identified tracks
● Matched with TOF400 hit
● PV cut (πPV close to target & nTracksPV>1 & 

DCA<1 cm)
● 0.5<p<4 GeV/c
● Runs 4649-4658
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● Residuals for Data are close to MC

X

Y

Identified track residuals.
Tuning results (πGEM)
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DCA in Data from signal and 
background region (πData vs MC)

● DCA maximum for left and right regions in the Data and MC 
greater than for middle

● Nh3Data/Nh1Data=0.09, Nh2Data/Nh1Data=0.25

● Nh3MC/Nh1MC    =0.04, Nh2MC/Nh1MC    =0.07

h1 h2h3 Data

MC
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● DistPV-Targ<6 cm

● NTracks(πNHits>3)>2
● DCA<2 cm

PV cut
Si efficiency

● NSiHits>1, excluding 
current hit

● NGemHits>2

GEM efficiency
● NSiHits>0
● NGemHits>3, 

excluding current hit

Hits cut

Efficiency with PV cut
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Si/GEM efficiency (πData vs MC)

GEM5

After EffMC-EffData subtraction

GEM6
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● DistPV-Targ<6 cm

● NTracks(πNHits>3)>2
● DCA<2 cm

PV cut
● NSiHits>1
● NGemHits>3

Hits cut

Tracks to Si/GEM efficiency 
calculation

● Runs 3756-4704



Vasilii Plotnikov, 04.10.2021 60

Tracks to Si/GEM efficiency 
calculation

Data
MC
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Si/GEM efficiency
Data

● Difference for Si1 between Data and MC

MC

Si1 Si2 Si3
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● Efficiencies for Data and MC are close to each other

Data MC
Efficiency with PV cut

GEM1 GEM2

GEM4

GEM6GEM5

GEM3
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Data and MC TOF400 efficiencies 
comparison

● Efficiencies for Data and MC are close to each other

Data MC
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Data and MC spectra comparison 
(πwithout CSC)

● Y-spectra of π+ softer for 
Data

● Pt-spectra are close for 
Data and MC

● m2-peaks for Data are 
shifted
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