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

process, called also as Drell-Yan

qqi > Y1 Z°> (e
o=1.6*10% 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 2
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|.  Antiproton beam with Eream < 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
a reach resonance (i.e., Nonperturbative ) physics.

Il. Different to_electron beams, used for measurements of
proton structure functions in the region of
Ineqgative! values of the square of transferred
momentum (g2 < 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
ihnfgrmation about the quark dynamics inside the

adron.

B. The measurement of the total transverse momentum of
a lepton pair PT (£+¢) as a whole may provide an
Important information about the intrinsic transverse
momentum <kT> that appears due to the Fermi motion
of quarks inside the nucleon
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|_l nda  Giobal variable for
gg>y* > {*¢ process - M,

M, u+u- distribution
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( I—]"'H @d - Estimation of the x-Q? region,
- avallable for the structure functions
measurement

| xU/XUbar & xD/xDbar histograms
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Signal Lepton histograms
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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
PYTHIAG6.4.

The corresponding histograms done with

use of the PYTHIAG6.4 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 i and 34.2% for u*.
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Px¥, PyH PzFfrom the 1-st hit
In the muon system

3 [ g g g g
Z500 |- ievee e SR

Z | S SR it

PxH |kt
. TR
100 —

07 08 0.6 -04 -02

N 6584
i i | Mean
..... :IRMS  0.2597

— _hMinusPxin_|
- frencnmn | Entries

Integral 6584

0 02 04 06 _08 1
Px, GeV

3 f 3 3 3 3
2500 __,, ....... .......

11| e ) e
300 :_,, ...... e
Py 200:—~~-~~§ ~~~~~~ el

toof- gL

0703 06 04 -02

H . Ereeet

hMinusPyln

H H Entries 6584
| i[Mean 0.0001521
B ALUS] 0.2577

Integral 6584

-

:  i|Entries 657,
i Lbi|Mean -0.04671
i i | RMS

hPlusPxIn

.262
6577

Integr:

...............

......

”+

Anna Skachkova. “Simulation of muons pairs production at PANDA”. FAIRNESS 2012. 3-8.09.2012, Hersonissos, Greece

PYTHIAG6.4

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.

PandaRoot & Geant 3
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Px¥, PyH PzFfrom the last hit
In the muon system

300
200

100

— _hMinusPxOut

6584

................

Froof-;
600
500

200f---
100f- i

400f-
300F--

i ; 1 1 1 1 1 1
08 -06 -04 02 0 02 04 06_0O.
Px, %iev

- hMinusPyOut

i Entries 6584
[ Mean  -0.0008616
i RMS 0.2288
i......if Underflow 0
| Overflow 0

4 Integral 6584

1 -08 -06 04 -02 0 02 04 06 08

hMinusPzOut

;| Entries 6584
i..| Mean 0.8167
i |RMS 0.557
:...| Underflow 30
. | Overflow 0
;.| Integral 6554

éOOG .
.| Entries 6584 | = r g
i i|Mean  0.01401
#o-oooi| RMS 0.2282
: : | Underflow 0
=11 Overflow 0
Integral

800
600[~---:

400}

i | Mean

‘1 RMS 61
i | Underfl 0
g : | Ovey 0
{77 Ipi€gral 6577

P00 Hpmooooopieooacaljoasoco

08206 04 -02 0 V.2 04 0803
\ Px, GeV
- - - - - - hPlusPyOut

"\ "I Entries 6577
i\ Mean  -0.00748;
i....\|RMS 0.17

P 0
- 0
577

.........
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§%/Momenta distributions,

obtained in result of full
simulation, in this case
IS significantly differ
from the ones simulated in
PYTHIAG.4, and

show noticeable loss of
momentum

(about 0.3-0.6 GeV for
each component).

Let us mention that for the
positive charged muons the

momentum losses are higher.

PandaRoot & Geant 3
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< I—]"'H I'bl:l 9 Px#, PyH, Pz¢ of (*+p°) from the 1-st & last hit

In the muon system
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PTH, PH, EF of (u*+p) from the 1-st & last hit

INn the muon system
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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

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 PYTHIAG.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

PandaRoot & Geant 3
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Total 6%, @¥ distributions & N, In muon system, M, (1", w)

| Signal Lepton Theta, Phi, Nhits
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system (lost muons).

Distribution of invariant mass M
nv(ut,ur) also differ from the initial
one, simulated by PYTHIA.
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Signal muon P & PT registration efficiency
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Signal muon registration efficiency by polar angle 6
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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
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- panda . .
_Ran 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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|] “[IEI The main source of background
for ggbar 2 y* =21 *l - are the
Minimum-Bias processes.:

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

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

e« gbar+qg =2 I+ |- (gires 0.0000015% of events, o = 5.09 10" 7 mb);
g g gives

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

Mini-bias background is © Order harder than QCD background

Anna Skachkova. “Simulation of muons pairs production at PANDA”. FAIRNESS 2012. 3-8.09.2012, Hersonissos, Greece



< |—]"'H ">[|E Muon'’s distributions from
= background events
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-{fﬂ_m_ﬁaﬁ\[la Cuts for mini-bias and QCD
> ”’ processes

(including the signal one)

The following cuts were applied to the minimum bias and QCD 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 =VA2+A2=0.2.

isolation ~
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|_]EI|i}[|EI Lepton () isolation criteria

haz3 | SUMMARIZED_E / DR

Entrles  1.630684e+07
Mean x 05(-..°
Mean y 0.1358 ||
RMS x 02739 I -
RMS y 0.6118 |--... Tt

Integral 1.501e+08 . -

0] 3063] 10861 -

The plots show the distributions over
summarized energy of the final state
particles in the cones of radius
R icoiaiion = V N2+@? respect to the

upper plot - signal events
botjom plot > Mini-bias background
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Applied cuts & efficiency for
Minimum-Bias background events

PT,> 0.2 GeV PT,> 0.5 GeV
_ S/B ratio S/B ratio JEIICIENCY;
1 (exactly 2 leptons
with E;> 0.2 GeV, 1.02*10-€ | 1.47*10-3 | 2.37*106 | 4.22*10-4
PT,> 0.2 GeV)

2 (2leptons are of the | 113 *10°° 0.906 2.57 *10 -6 0.921

opposite sign

3 (The vertex is within | 370 * 104 | 3.04%10°3 | 6.09* 104 | 4.21*10-3
the R < 15 mm)

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

5 Isolation 15 0.004 2 0.003
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" panda .
_pan Conclusion

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

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

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

v Futher study of the backgrounds with a full simulation in
PANDAROoOt is needed
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