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V.A. Matveev, R.M. Muradian, A.N. Tavkhelidze (MMT)

process, called also as Drell-Yan

qqi > Y1 Z°> A
o=1.6*102 pb

PYTHIA 6 simulation for the E ,.,,, =5 GeV (3.3 GeV center-of-mass energy)
without detector effects (“ideal detector” --> all particles are detected)
allows a proper account of the relativistic kinematics during the simulation
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|.  Antiproton beam with Eneam < 15 GeV may provide an interesting information
about quark dynamics inside the hadron and proton structure in the
energy region where the Perturbative QCD comes into interplay with
areachresonance (i.e., Nonperturbative ) physics.

ll. Different to electron beams, used for measurements of

proton structure functions in the region of
Inegative! values of the square of transferred
momentum (g? < 0, “space-like” region),

antiproton-proton collisions allow to make measurements of

proton structure functions in the region of

Ipositive! values of the square of the transferred

momentum (g? > 0, “time-like”, region, which
Is less studied!).
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_panda Production of lepton pair

The process of lepton pair production g gbar 2> vy [ Z°> €€
IS of big physical interest because:

A. The spectrum of final state leptons (e and muons)
obviously depends on the form of parton distributions

Inside colliding protons and may provide an interesting

Information about the quark dynamics inside the
hadron.

B. The measurement of the total transverse momentum of
a lepton pair PT (£*¢) as a whole may provide an
iImportant information about the intrinsic transverse

momentum <kT> that appears due to the Fermi motion
of quarks inside the nucleon
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MMT-DY process

Simulation of muon’s kinematical

characteristics was done with use of
PandaRoot & Geant 3
(presented by pink histograms)

at the level of stand alone muon system
with the set of 10000 events simulated by
PYTHIAG.4.

The corresponding histograms done with

use of the PYTHIAG.4 alone are +
superimposed for comparison (violet line).

From the statistical numbers (entries) of distributions one
can see that the total loss of muons in detector is about

34.61% for r and 34.2% for u*.
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PYTHIAG.4

Momenta
disiributions,
obtained in the full
simulation,

differ from those,
simulated in
PYTHIAG .4,

by the loss of quantity
and some loss In

momenta ~ 0,25 GeV
for each
component.
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Like in the case of the muons,
taken separately, the
momenta and energetical
distributions of the first hit,
obtained during a full
simulation, do not differ
significantly from the ones

PandaR

simulated in PYTHIAG6.4. The
differences is, in general, in a
loss of quantity and E&PT ~0.2
GeV.

In the case of a last hit, they
are noticeably differ from the
ones, simulated in PYTHIAG6.4,
and show significant loss of
momentusm and energy
(about 0.2-0.5 GeV) as a result
of penetrating through the
material of the muon system



https://indico.gsi.de/conferenceDisplay.py?confId=1227

Total 6», @ distributions & N, In muon system,M;_.(n*,n)

| Signal Lepton Theta, Phi, Nhits PYTHIA6.4

6¥ - polar angle

IR :

SIS R U @* - azimuth angle

Wi . v 1516004 N,..« - number of hits, made by muon
or ° N in muon system per event

 The significant difference in
distributions of polar angle @* can
be explaned by deviation in magnetic
field.

* Practically no difference in
distributions of the azimuth angle ¢*.

 The first column in muon hits

i | Meffn 062
R 103.2
Integral 1.316e+04

)
|||5|II§

150 -100 -50 0 50 100, 150

,dejree distributions shows the number of
[ hSighFils | 1 hSigMinv events, in which the corresponding
Entries 19998 —_F :|Entries 9999 . .
Mean 5755 j [ Mean  0.5667 muons gave no hits in the muon
RMS  5.081 : :
NI g 2010 NI gt s system (lost muons).

« Distribution of invariant mass
Minv(ut, ) also differ from the initial
one, simulated by PYTHIA.

PandaRoot & Geant 3

Miny (1 ,41)

Anna Skachkova. “Simulation of p*y pairs production at PANDA”. PANDA XLIlI Collaboration Meeting 10-14.12.2012, GSI



https://indico.gsi.de/conferenceDisplay.py?confId=1227

--| Entries

Mean
RMS
Underflow

Overflow
Integral

35
0.5951
0.2764
0

1

35.33

;| Entries 42
: | Mean 1.798
{ | RMS 0.6606 |
;| Underflow 0
#-*| Overflow 1|
;| Integral 42.36

.1 02 03 04 05 06 07 08 09
GeV

Entries
Mean
RMS
Underflow
Overflow

35
0.6977
0.2755

0

1

Integral 35.13

Entries m
i | Mean 1.827
i |[RMS 06735

f -_.I'.'.'l".'I'.'. B i e A FE e WA BT

43

"1 Underflow o

;| Overflow 1

+-- Integral 43.34 |
2 25

.1 02 03 04 05

06 0.

lizerreslioereel
7 08 09
GeV

Entries
i| Mean

i RMs
“+1| Underflow

;| Overflow

35
0.5963
0.276

0
1

Integral 35.24

j T
10276304 05

T T
06 07 08 09

Entries 43
i Mean 1.825 |
i | RMS 0.6748
;| Underflow o[
i | Overflow 1
'] Integral 43.31|°
j j
2 25

Anna Skachkova.

1
GeV

GeV

At very low

(< 0.5 GeV) full

momentum and
transverse
momentum, the
efficiency of
muon
registration is
noticeably
decreasiing. At
the momenta >
0.8 GeV the
efficiency goes
to 1.
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M ) Signal muon registration efficiency by polar &8
& F_H"/[IE angle 0 Iy

Entries 25
Mean 29.59
RMS 18.86

oooootjooocoodloooccodie] pocodioocosadbonoosadbsooacadhonoacadhoooacs

The efficiency of muon
o registration

® P2 i Entries 25

: §Mean 29.47

P e IS noticeably decreasing

02 ....... ....... ...... ........ ........ ....... at the angles > 400

Entries 25
[T Mean 2953
(... RMS  18.82

"++‘r . © © i|Integral 24.89
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—II. A *,
panda

e

— hMinusPIn_Theta

- hPlusPIn_Theta
: | Entries 6577
i |Meanx 39.72
i |Meany 0.9726
i |RMSx 19.58
“v|RMSy 05337
Integral

- hPLepMin_Theta

i i | Entries 10000
il |Meanx  41.21
i |Meany 1.084
i |RMSx 30.02

i |RMSY  0.6049
Integral 9996

140180180
o™, degree

hPLepPlu_Theta

Entries

0 100 120 140,160 180
0", degree

hPLep_Theta

: | Entries 20000
;.. Meanx 41.49
i | Meany 1.085
: 30.26

PandaRoot & Geant 3 _

Correlation distributions of polar angle 6
and momentum P

S

The figures are projections of 3-
D signal muons correlation
distributions of polar angle 6 and
modulus of momentum P(that
correspond to the first hit in the
muon system):

Left coloumn presents the
results, obtained by the full
simulation (PANDARoot and
GEANT?3).

Right coloumn - the color area
presents the results of PYTHIA
simulation. The black dots, which
correspond to the results, shown
in the left column, are
superimposed for comparison.

As it was already shown
before in 2-D figures,

due to the magnetic field
Influence,

muons are moving aside to
an angle of about 40°.
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“panda  Fake muons distributions
= In sighal events

| Background mu+/mu- histograms in signal events

Eqe, distributio i Vg, distribution
........................................ Entries $300F T Entries
H H b4 o H

The part of signal events which include
I e RuS  as fake muons is about 1.2%.

i | Underflow 0 E : Underflow 0
U Overflow 0 200 | Overflow 0

| Integra E : Integral . :
A el EEESEEo Intg 2 fake muons inthe  final state.
%02 04 06 o.:s 1 1i2 1:.4 1?6 1.:a S 0 2000 4ooo * FEkE muu"s pFUductiun vertines EPE

distributed within detector volume =

PToee distributio Vzg,. distributio
T T T Entries T T T

009454 | 2zl i oo - ;rg;:s 2450
0.0553 : : RMS 1992 ayn . . .

of g uwenon | Yortex position information will be useful
_ wm o - [integral 307

(- e tor Signal / Background separation
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mu . 0 .
64, distribution

T - T - ; | Entries
IO F el Mean 29.52
i....:] RMS 20.58

_.i| Underflow 0

_...| Overflow 0
: | Integral 3277

Entries 100000
Mean

Fake muons are less energetic

Underflow 0
Overflow 0

than the signal ones

. i S S
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/ 2
anda . .
L Applied cuts for signal events

1. We select the events with only 2 leptons with
E,>0.2 GeV, PT,>0.2 GeV

2. These 2 leptons must be of the opposite sign

3. The vertex of origin lies within the R < 15 mm
from the interaction point

These criteria allow to discriminate completely
events with the fake decay muons

with the loss of 15.8% signal events
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~ panda The main source of background
- forqggbar 2 y* =21 *l - are the
Minimum-Bias processes:

Some examples:
« Low - PT scattering (gives 68% of events with the ¢ = 39.48 mb);

 Single diffractive  (gives 6% of events with the o = 1.58 mb);

» gbar+q 2 I"+ I (gives 0.0000015% of events, g = 5.09 10"’ mb);

So, we have 3 signal event aginst 200.000.000 of Mini-bias bkgd =2 S/B =1 0'8

Mini-bias background is @ OFder harder than QCD background
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Muon's distributions from
background events

{ |_]TH nda

| mu-+/mu- distributions in backgroundl events

SR o) e e Up to 6 i per event >
e, 777777777777777777777 w9 => @ rather high probability of
Y i 5 sz appearing the muon pair with the

........ 500F---

e | different signs of their charges in
IR R . “Minimum_bias” events (which
G 280 e ot are other than the signal one)

i | Mean 0.1342 . .............. - Mean 2462
| RS 0402 RN SO S .| Rws 2074

: i | Underflow2.089e+12
1 Overflow 0

: Underflow 0
| Overflow LA R S S Integral  2.826e+13

L e s W —> fake pretty well the signal events

2000 4000 6000 8000 10000
Vz™, mm

(o Background muons are less

x10 — o] b Ny | event distribution
........ { Entries . e S S e
... Mean was| - B i 0 0| Mean osor4 . :
s ws) R e energetic than the signal ones
Underflow 0 el [ i Underflow 0
‘| Oerfiow of " : Overflow 0
| Integral  1.178e+14

Integral  3.035e+13 10

160 180 0 1 2 3 4 5
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0™, degrees N/ event
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= Cuts for mini-bias and OCD
'k\h |]EII'I}[|EI Q
processes
(including the signal one)

The following cuts were applied to the minimum bias and OCD sample:

1. selection of events with the only 2 leptons, having E,; > 0.2 GeV, PT, > 0.2 GeV,
2. these 2 leptons have charges of the opposite charge;

3. the vertex of lepton origin lies within the R< 15mm from the interaction point;
4. M,, (*¢)=0.9 GeV,

5. leptons have to satisfy the isolation criteria:

the summed energy of particles E ,,, < 0.5 GeV within the cone of
R =VA+A2=0.2.

isolation —
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panda Lepton () isolation criteria

haZ3 | SUMMARIZED_E / DR

Entrles  1.630684e+07

3 §;§§'§ . The plots show the distributions over

summarized energy of the final state
particles in the cones of radius
R icolation = ¥ N2+@? respect to the

0] 3063] 1066 ] -

upper plot > signal events
botjom plot - Mini-bias background

ha23 [SUMMURIZED_E / DR |}
R - solation criteria (R _, .~ =0.2)
:Réagngy ol ‘ .

integral  1.096e+08 | TTTtttteeeee... /

S E (cfpertices) = 0.5 GeV
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_ panda

E,> 0.2 GeV

PT,> 0.2 GeV

Applied cuts & efficiency for
Minimum-Bias background events

PT,> 0.5 GeV

[ERNGHSHSTN] s/8 ratio SIB ratio

1 (exactly 2 leptons

with E,> 0.2 GeV, 1.02*10-6 | 1.47*10°3 | 237*10® | 4.22*104
PT,>0.2GeV)

2 (2 leptons are of the 1.13*10-° 0.906 2.57*10 -6 0.921

opposite sign

3 (The vertex s within 3.70*10-4 | 3.04*10% | 6.09*10-4| 4.21*10"3

the R < 15 mm)

4 w1 (1,1)>0.9) 6.58 * 10-2 0.056 7.04 * 10 -3 0.086

9 Isolation 1.5 0.004 2 0.003

Loss of signal events 16.9 % 88.5 % 31
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/ _I.. \.[l
" panda
e Py

Applied cuts & efficiency for
Minimum-Bias background events

EI >0.5 GeV I:’TI >0.2&0.5 GeV As the muon registration

R oy ) efficiency is equal O at
_ S/B ratio PEHICIENGYA P (E) < 0.5 GeV — the cut

P(E)>0.5GeVis

with E,> 0.5 GeV, 0.0012 4.15* 107
PT,>0.2GeV) The muon registration
0.0012 0.998 efficiency at PT < 0.5 GeV is
2 (2 Vepton-s a'? of the rather small and comes to
ki) 1 40%. But with the cut PT >

0.0833 1.45* 102 0.5 GeV the loss of signal
events became too high —
up to 90%. And the value of

3 (The vertex iis within
the R < 15 mm)

4 w1 (1,1)>0.9) 0.0909 0.916 this cut doesn't influence
much on the final S/B ratio.
. _ . So it’s better to use PT >
Isol —
9 Isolation Bkg=0 0.2 GeV

Loss of signal events PT,> 0.2 GeV -44.3 %, PT,> 0.5 GeV - 88.5 %, 32



" Estimation of the background contribution of
( I_] 2 | @[l gH the“pp > mw'm + X” to the signal process of
— muon pairs production “pp -> gty + X”
(Ebeam =15 GeV)

| PI - distribution histograms ® 7T with the probability 33.3% decay into |J.
S S ) I o e i o So, such a process can give us a muon pair.

: | RMS 1213
...... Underflow 0
Overflow 0
1 Integral  2.153e+09

e Among 2108 generated ECD and minimum-
bias the fraction of charged pion pairs

0 e = . production is 29.8%
N A = R R W
o prdsmin oo o e oo e e consider only the events with only Z
o W o BEEREENS . muons in the fiinal state with the opposite
i e (= s charges and E, PT> 0.5 GeV. Their fraction
........... B among generated is 4.94 - 104 %.

02 04 06 08 1 12 14 1BT1 2 4 6 8 10 14 16 18 20 24 26 28
T

,'%e\l

o lpto 8 pions in the background event.

Parents of n's parents

v |w & e Em<3BGeV, PTm <14 GeV. The first left peak is
~ ef?.mzis.swﬂ [ e caused by the pions which do not produce
~~~~~~~~~~~~ . hard muons (the additional pions in the same
, ) events where the pion pairs are produced).

@n, degrees
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-
< I_] = |'®[I | Muon’s distributions from the “p p 2 n*n + X”
— process (Eyeqm = 15 GeV)

| Background mu+/mu- histograms e fake muons production vertices are
, b e Vddstbuin distributed within detector volume =
£ : : : : , Mean 1.763 z 70% : Mean

R0 R R o B 6 S B e Vertex position information will be useful

R : ntegral  9.649e+08 S0 AER | integral  9.808e+08
: : T 40F LR | I oo

................. g for Signal / Background separation
O 0:5 1 15 2 25 3 35 4Emu4.E; \; E-4(7:!00 -2000 0 2000 4'990
g e The proposed cuts are the same as before:
A0° 4ec distribution — — . Vzﬂ‘?C dlstantlon — =
Fo0 R J omo T T S, S e 0. Selection of events with at least 2 charged pions
oot~ 0 o o vndetow 0 from the same production vertex;

;| Overflow 44720408 : Overfiow 0 . .

([ egral 97630108 P R 08000108 1. We choose the events with exactly 2 muons in the
"""" final state with E* . > 0.5 GeV, PTH,.. > 0.5 GeV;
~~~~~~~~~~~~~~~~~~~~~~ 2. These muons should have different signs;

00E 01 02 03 04 05 06 07 08 09 1

w

4000 6000 8000 10000
Vzm, mm

08,98 Their production vertex is close to the interaction
bkg?

. Thetal. distrbuti 5 Ny events distribution point;
— Entries 94| s T Entres 099 .. . i
zZn 58| Z b ean 226 4. Their invariant mass MinvH*H->0.9 GeV,
13.69 T S | RSO .| RMS 02132
0 M | Underfow 0 5. Muons are isolated (summarized energy of the
0 aoofi- ] - B s ... | Overflow 0 h -
integral__0.8082+08 M Inogral  4.9646+08 charged particles around the axes of the muons

pre 20 ~~~~~~~ ~~~~~~~~ T movement is less than 0.5 GeV in the radius R =
SN | 16 T TS T O S O O 0.2)
o TR (IS R S R

I i i I R
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" panda

Epearn = 15 GeV

Applied cuts & efficiency for
' + X background events

Epeam = 5 GV

0. Atleast 1 pair of mm
from the same interaction

. 4.83 * 10-7 0.259 3.94* 10-9 0.127
point
1. Exactly 2 u’s with
E,>05GeV,PT,>05Gev | 6.84*10°7 | 3.04 * 103 0.0127 4.73 *10-8
2. 2 u’s are of the opposite
sign 1.11 * 10-2 0.615 0.083 1
3. The vertex is within the
R < 15 mm 5.5 0.002 Bkg =0 ---
4. M_(1,1)>0.9 11 0.5 Bkg =0 ---
3. Isolafion Bkg =0 ---- Bkg =0 -
35
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Conclusion

v

v

“Theoretical” Monte-Carlo distrbutions of individual muons from the
leptons pair production process were presented on the basis of
PYTHIAG.4 for the case of E,.,,, = 5 GeV

Final distributions of these muons after propagation through the
detector volume were obtained by use of PANDARoOoOt program

Preliminary set of criteria for Signal and Background separation was
shown on the basis of PYTHIA simulation

Futher study of the backgrounds with a full simulation in PANDARoot
IS needed.

To perform the full simulation the integration of the
muon sistem into the whole detector PANDAROOt
description Is needed URGENTLY !!!
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