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Content

* Outcomes of the 7t Collaboration Meeting
* UrQMD problem

* P-dependence of CSC/TOF400 residuals on
particle type

« CSC/TOF400 residuals after applying 1t+-
corrections

* P/Y spectra after applying 1t+-corrections
* P spectra for i+ and p-corrections
* Trigger efficiency
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"4 Content

* Using a modified Gauss to fit m2

* Background from mixed events

* Background from the detectors

« CSC/TOF400 residuals (mt+-Corr) for MC
* CSC efficiency (Data)

* |ldentified track residuals (Data vs MC). Tuning
results (Si, GEM)

* x2/ndf and DCA for identified tracks (Data vs
MC)

* SI/GEM efficiency (Data vs MC)
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BM@N
Content

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

Vasilii Plotnikov, 04.10.2021



BM@N

Outcomes of the 7" CM

* 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

* Detalled 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

Vasilii Plotnikov, 04.10.2021 5
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dx = XExtrap = XcscHit

e Strange behavior
at high p

e UrQMD breaks
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BM@N

iInstead of UrQMD (CSC)

Use DCM-QGSM

0.5

I hres l_ ........................................

* Strange behavior at high p not reproduced
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P-dependence of CSC/TOF400
residuals on particle type
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o UXeoe and OX ey, are
correlated

 \We can use this correlation
to filter the “good” tracks
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CSC/TOF400 residuals after
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G =

* From 6t
Collaboration
Meeting

* Without dynamic
windows

* With dynamic
windows

P and Y spectra for
become softer
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BM@N P spectra (11", K, p, d)

N for 1" and p-corrections

Data

e Spectra with 11+ and
p-corrections are
to each other

n 1,
St Dev 0.3

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

Vasilii Plotnikov, 04.10.2021 11



BM@N Trigger efficiency Data
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* For K+, Trl (BD>1 & Si>2) efficiency higher than for T+
* Trigger efficiency for Trl is significantly less than for Tr2 (BD>3)

* This new result is comparable to the previous one from DAC on
18.06.2019 (see Backup, slide 41)

 This result was used to check more detailed calculations of the
trigger efficiency made by Anastasia Huhaeva

Vasilii Plotnikov, 04.10.2021 12



BM@N  Using a modified Gauss to fit m?
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* The new fitting
method can be used

(-5,5) to compare with the
25701 previous one

aze6  * Good (m/q)2 shape
158559 description

* Large tails for K+
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sM@N  Background from mixed events

Mixed Events Not Mixed Events
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BM@N
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* Detector background (due to the interaction of the beam with the
detector elements near the target) for -+
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BM@N CSC residuals (1t*-corr)
Y slice 0, dx
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. 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

Vasilii Plotnikov, 04.10.2021 16



CSC efﬂ(:lency (Data)
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Efficiency
Increased by

Same runs
with low
efficiency

New cut for
“good runs’

The number of
“good runs”
Increased by
more than
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BM@N

|dentified track residuals.
Tuning results (
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— Data
— MC

Residuals
for Data
and MC
are close
to each
other
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BM@N and for identified tracks
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sm@n  SI/GEM efficiency (Data vs MC)

After Eff,,. tuning
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BM@N Analyzes using
this version of tracking

* Lambda analysis in Ar run
(Pavel Batyuk)

* ToF-700 fragment analysis in Ar run
(Lalyo Kovachev)

* ToF-400 fragment analysis in Ar run
(Ksenia Alishina)

* ToF-700 mt+,K+ analysis in Ar run
(Anastasia Huhaeva)

Vasilii Plotnikov, 04.10.2021
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sm@n  CSC efficiency (Data vs MC)

| Runs 3756-4704, CSC Efficiency | [ DCMQGSM, CSC Efficiency |
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e Efficiencies for Data and MC are close to each other
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sm@n Data and MC TOF400 efficiencies
comparison
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BM@N

Thank you!

Vasilii Plotnikov, 04.10.2021
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BM@N

Backup

Vasilii Plotnikov, 04.10.2021
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"M Detailed vs simple GEM geometry

\\\ ‘L

* New layers(black), frames (indig0), electronics
(green) were added for each GEM sensitive volume

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

Vasilii Plotnikov, 04.10.2021 27



BM@N

Detailed SI/GEM geometry

Material budget in the BM@N, Integrated radiation length, X/2X0 [%] Material budget in the BM@N, Integrated radiation length, X/X0 [%]
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Material budget of six stations for Material budget of six stations for
tracks parallel to Z axis tracks parallel to Z axis
(simplified geometry) (detailed geometry)

* Made by Dmitriy Baranov
* Left plot — current geometry, right plot — new geometry

* New geometry gives additional background (embedding is aimed to
solve it) and prevents 11+ from passing through identification

detectors
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BM@N Taking Into account
detalled GEM geometry

Material budget in the BM@N, Integrated radiation length, X/X0 [%] Material budget in the BM@N, Integrated radiation length, X/X0 [%]
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* 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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BM@N Si+GEM+CSC+Extend features

TOF400

» 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

e Tracks are extrapolated downstream and refitted with matched
hits from CSC
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BM@N
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BM@N
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BM@N calculation

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

T+ without additional cuts ( and )
and with Si>2 cut ( and )

* For Si>3 runs, calculate number of K+ and 11+
without additional cuts ( and ),
with BD>1 ( and ) and with BD>3
( and ) Cuts

. and so on

Vasilii Plotnikov, 04.10.2021 41



BM@N

Efficiency of triggers In pt bins
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* Triggers efficiency does not depend on pt for i+ and K+
* For K+ triggers efficiency few percentages higher

* Triggers efficiency for trigl (BD>1,Si>2) significantly less
than for trig2 (BD>3)
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BM@N  Using a modified Gauss to fit m?

45000? | T, =%, K*, p, MGaus+Gaus+MGaus | 140 0i\—| T, K MGaus+Gaus+MGaus 7‘\7

ol o N

30000/ | 1000 Gauss

25000f . 800"

20000 o 600/ M -

15000 y‘u/nkh‘ o \ /

10000] — : yL \ \/

5000- j \, [ 200+ LA

OEJ‘ et —— L “\“"“' OZIHwlwwuuu””.‘&_‘—‘.‘
02 0 02040608 1 1.2 0.10.15 0.2 0.25 0.3 0.35 0.4

(m/q)?, (GeV/q)> (m/q)?, (GeV/q)®

* To Integrate fit function In
fkp->Integral(left, right)/bin_width

Interval
(mig)? (-0.3,0.16) (0.16,0.34) (0.5,1.2) (-5,5) * (M/Q)2
peak o
£ .0 324 42 77096 desc_rlptlon on
£.0 20 <1 2175 the right from K+
) <1 <1 158377 IS not so good
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sM@N  Using a modified gauss to fit

peak f (), (-53) f.0,(55) (), (-55)

fit

3MGauss 75791 3366 158559

2MGauss 77096 2175 158377
+Gauss

|Al/mean 0.017 0.43 0.001

* Are we calculating the number of K+
correctly?

Vasilii Plotnikov, 04.10.2021



BM@N  Using a modified Gauss to fit m?

/' 5 parameters
Double_t MTHgaussianPeak(Double t *x, Double t *par)
{

Double_t sq, zz, alfa, vv, uu, Ir;
zz = (par[1]-x[0])/par[2];

/lalfa = 1. + sqrt(par[3]*par[3] + par[4]*par[4]) +par[4]*tanh(zZz);
/l Modified Gauss with symmetry

alfa = 1. + sqrt(par[3]*par[3] + par[4]*par[4]) +par[4]*tanh(fabs(zZz));
v = 1. +0.5%(zz*zz)/alfa;

uu = -1.*alfa*log(vv);

rr = par[O]*exp(uu);

return rr;

}
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sm@n  Background from the detectors

|

Np=Npig+Npp

N oy =N pyst N pyg N +N
N pr=N pps+ N ppp B

N pys _ N py
N pys= (N pg+ N pgg )22 N, =1- N, s+ Ny
Nprs=C-N s 2— N
MMS
N pys=C N s

N prs=C "N yzs
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BM@N CSC residuals (1t*-corr)
Y slice 0, dx
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 Residuals for MC are somewhat
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BM@N CSC residuals (1t*-corr)
Y slice 1, dx
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 Residuals for MC are somewhat
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BM@N CSC residuals (1t*-corr)
Y slice 0, dy

| DCMQGSM, r*,yslice0 |
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 Residuals for MC are somewhat
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BM@N CSC residuals (1t*-corr)
Y slice 1, dy

E 25; [ DCHMAGSM, =, ysiice 1| E 1.6 | DCMAGSM, =, yslice 1 |
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v 037 12: =+
F il T “r 4
0.2: 1: ++++ 1%
0.1F B : Ty
| Tl 7' " T
E |71 1_ 1S 0.6 |
0.1 H 0.4F
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 Residuals for MC are somewhat
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BM@N

CSC efficiency (Data)

Nmﬂmﬂwmu vl Wi wm"ﬂw’“wW ki
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CSC efficiency (Data)

BM@N
£ cOFmm e
= [ =
40 —0.8
201
: - _0-6
o 0.4
_20:_ CSC Eﬁiciency| 0.2
_40—_| | | | | | | | | | | | | | | | | | | | |
60 80 100 120 140 160
X, cm

* “Broken” top left corner shows higher efficiency
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20}
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—_ | | | 1 | 1 1 | | 1 1 1 | | 1 1 | | | 1 |
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“‘good runs” for the new algorithm instead of
“‘good runs” for the old one
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BM@N

comparison (old results)

| CSC Efficiency, good runs |

140
X

Data, good runs

cm

—1

0.4
0.2

—0.8

—0.6

e “Good runs” - runs with

Z0ne
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£ 60
©

~ 40 ]
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—20F
_40:_I|||I|||I|||I|||I|||I
60 80 100 120 140 160
MC X, cm
INn the Main

Data and MC CSC efficiencies

0.4

0.2

e MC and Data efficiencies are close to each other
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BM@N |dentified tracks residuals.
Tuning results

Identified tracks
e Matched with TOF400 hit

PV cut (PV close to target & nTracksPV>1
DCA<1 cm)

* 0.5<p<4 GeV/c
* Runs 4649-4658

Vasilii Plotnikov, 04.10.2021
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BM@N

|dentified track residuals.
Tuning results (

I dXsmo {ista==9} | e
: N hdxime
1400: |-| " Entries 48296
1200F : tl ~-{ Mean 0.001123
1000% o L Std Dev _0.09171
- hdx1idata
800¢ X : Entries 18877
600f . IMean  0.007814
i : _|j : | Std Dev 0.1024
400¢ i : _,,d" : :
200F L 1T ST S—
L T L B j
%6 04 02 0 0z 04 06
dx, cm
| dYsmo {ista==9} _ _ _ |
F L
2000 i : : |
1800k : : hdyimc
1600 - - Entries 48296
- Mean -0.07442
1400¢ Std Dev 0.2274
1200 F Y i hdy1dala
1000: Entries 18877
800F ; Mean -0.05806
600 z : ; J‘ : Std D!BV 9.177
400F- ’
200F ,r; .I*qﬂ
0: ' : [ R | | [ R o i -
-1 -0.5 0 0.5 1
dy, cm

dXsmo {ista==7} : . | I dXsmo {ista==8} . ,
. ﬁ hdx1me : ; hdximc
25001 | Entries 50599 2500F - -| Entries 50004
2000F r[l _Mean  -0.001399 C t Mean  0.0008771

- [I l Std [:; = :'05357 2000 | Lstapevos0st
: x1data C
15001 = Entries 19990 1500f [ hdxidata
- |J | |Mean  -0.005081 - fI Entries 19530
10001 ~1-|sidDev  0.06063 1000f .f]...| Mean — -0.003404
- ,IJ I:l ; g fl h StdDev  0.05995
Y% os 04 06 315 02 0 04 06
dx, cm dx, cm
[ dYsmo {ista==7} : : : : [ dYsmo {ista==8} : : —
3000) i hdyime = ﬁ hdyimc
F Entries 50599 2500 l Enties 50004
2500 Mean  0.03544 i Mean  -0.004151
sooob. stDev 01307] 2%} | |stdpev o0.28
E hdy1data 1500 f = Thdyldata
1500 Entries 19990 g J Entries 19550
E Mean 0.02835 1000 : Mean -0.008992
1000~ 8 Std Dev  0.1363 IJ | StaDev 01374
wo A - #ﬁﬁk
: i ke b b i 1 1 i 1 1 i il & i L
G 05 0 0.5 1 ot
dy, cm d)'; cm
* Residuals f Dt | to MC
esiauals 1or vala are ciose 1o
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sv@n  DCA In Data from signal and
background reglon (Data vs I\/IC)

6 im-f Trl,dca i, |[Z_-(0.58-5)[<2 cm |- Tri1, dca =, [z _o 58[<2 cm |
- Entries 1249
o : Mean 0.4697
5 100 b e eieninie e oo oo b eee .. | Std Dew 04278

&

- hi

W

N

-t
TTT

capipir_1

0.3587 |- st} 3 || S | Mean 0.8048 |

" dea, em " dca, cm

« DCA maximum fof and regions in the Data and MC
greater than for

° |\IhCSData/Nthata:O'091 I\IhZData/Nthata:O-25
* Npawc/Nnive =0.04, Npoye/Npive =0.07
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BM@N Efficiency with PV cut

PV cut

Hits cut

* DiStpy.74<6 CM
* NTracks(NHits>3)>2
* DCA<Z2 cm

NSIHIts>1, excluding

current hit
NGemHits>2

NSIHIts>0

NGemHits>3,
excluding current hit

Vasilii Plotnikov, 04.10.2021
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sm@n  SI/GEM efficiency (Data vs MC)

After Eff,,.-Eff,_, subtraction

E‘ T hﬂﬂ%ﬁ—- El b *]FkHﬂﬂﬂhﬁfﬁﬂ“ﬂ_ﬁrum“Hﬁammﬁr- %' L
= | = =
w &8? —khiﬁﬂuMMHF”jrﬂhhhﬁ 'h &8? w &8j
0.6 0.6 0.6
oal. GEMS5 ol o
0.2 0.2 0.2
07 PN B BRI SRIN PSR SR ST R 07 PN BRI RN RIS B UV SR U RV 07 | R RN RN AU AR AN RPN BRSNS
-80 -60 -40 -20 0 20 40 60 80 -80 -60 -40 -20 0 20 40 60 80 -80 -60 -40 -20 0 20 40 60 80
X, cm X, cm X, cm

%03? 0.9 S0.9F
| E © £ o e
508 i 085 Jos-
w 0.7 ;_ ‘1 w 0.7 i_ Ll 0.7 i_
0.6 0.6= 060
05E 05- 05-
045 GEMG6 0.4 0.45
030 0.30 03>
0.2 0.2- 0.25
0.1 0.1> 0.1-

03 P I U E RN B AR RPN | 03 P N R BRI BT SRR R B 03 P N R BRI BT SRR R B

-80 -60 -40 -20 0 20 40 60 80 -80 -60 -40 -20 0 20 40 60 80 -80 -60 -40 -20 0 20 40 60 80

X, cm X, cm X, cm
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BM@N Tracks to SI/GEM efficiency

PV cut

calculation

Hits cut

* DiStpy.74y<6 CM

e DCA<2 cm

* NSiHIts>1

* NTracks(NHIts>3)>2  « NGemHits>3

e Runs 37/56-4704

Vasilii Plotnikov, 04.10.2021
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BM@N

Tracks to SI/GEM efficiency
calculation

| Tracks to S'GEM efficiency calculation |

0251 [ ] Tracks to calculate efficiency 0'355_
C C 0.3
o2 M 0255
oot Data 2
I 0.15
01— E
L 01;
oosf- 0.05F
AN . S SRS B Sy e
o vl by Py By o 5 P IR BT B
0 . ¢ & & 10 12 1 N'Ijrgdcs pLBr euen%ﬁ NSIGemHItS per traCk
0.22F- | Tracks to S/GEM efficiency calculation | 0.06 1 [ Tracks to SVGEM efficiency calculation |
0.2f- Uop
0.18} i
0461 0.05(
0.14fF 0.041-
0.12f
0.1 0.03(-
0.08F 0.02F
0.06F 3
0.04¢ 0.01F
0.02F -
T b T Oy —r—— — 1 | , C 1 1 Ll L1 L 11 R R
% 3B 40 45 50 0 05 1 15 2 25 3
12/NDF DCA, cm
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BM@N SI/GEM efficiency
Data

Sil Si2 Si3
g 12p 1 12¢ 1 : 1
S 10F 10F 15
= UE 0.9 g 0.9 s 0.9
8 0.8 8- 0.8 10 0.8
6 0.7 Gl 0.7 sE 0.7
a- 0.6 4F 0.6 s 0.6
2 0.5 2 0.5 oE - -*- 0.5
o 0.4 of 0.4 : 0.4
oF 0.3 oF L 0.3 St 0.3
na 0.2 _ab 0.2 o 0.2
5:|....|....|....|....| 0.1 _:..l..‘l..l P IR I IR IR R 0.1 [T RS R SN T T N T A S T AT S S T A RO S A 0.1
10 -5 5 10 & 8 %6 4 =2 0 2 4 6 8 15 10 5 0 5 10 15
X, cm
£ 12p ; 12p ] 15
. 10F 10F -
> t 0.9 F 0.9 :
8- 0.8 8 0.8 10p
SF 0.7 53 0.7 of
aF 0.6 4F 0.6 g
F Z B |
2 0.5 2F I 0.5 0:— L =
oF - 0.4 oE 0.4 s
72;_ 0.3 72;_ 0.3 _55_
_ab 0.2 3 0.2 1ok
_szl....l....l...‘l....l 0'1 _:.\...I...I...I...I...I...I.‘.I‘..I. 0'1 T I RS N SN RS ST R S ST |
10 -5 0 5 10 0 8 6 4 2 0 2 4 6 8 15 10 -5 0 5 10 15
X, cm

MC
e Difference for Sil between Data and MC
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y,cm
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40 0.9
35 0.8
30F 0.7
25 0.6
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e Efficiencies for Data and MC are close t
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sm@n Data and MC TOF400 efficiencies

y,cm

y,cm

y,cm

comparison

[ _TOFao00 Efficiency, runs 3756-4704, plane 0 |

1
bo 5 64
g > 62
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60 0.6 29
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I TOF400 Efficiency, DCM-QGSM, runs 1-100, plane 0

25130135 140145 150 155 160 165
X, cm
plane 1
40F e
35-
30 = :
25- H
20F e e
120 130 140 150 160 170
X, cm
[prane 2]
150
10F = -
oF S
120 130 140 150 160 170
X, cm

63

0.9
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sv@N Data and MC spectra comparison
(Wlthout CSC)

r hypiptri_1_5 ITI"I, T |
2500__ Entries 82007
[ | Mean 2.246
2000: Std Dev 0.4281 ) -
1500} "HJ_‘-_J“'-HH .
1 000: Jrflj
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12000j r!l._ ‘ Entries 82007
r Mean 0.1626
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6000}
2000;{ 1{ ,,,,,,,,,,,,,,,
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80}
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100
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T -
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15000¢ g

: : 200 R RS
10000¢ n T
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* Y-spectra of

hmpiptri__25__13 ] |Tr1,|(*| hmkptri__26__15

[Trl, " ]

m2, GeV/qc® m2, GeV/qc?

softer for
Data

Pt-spectra are close for

Data and MC

* m2-peaks for Data are

shifted
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BM@N
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