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Introduction : The PANDA Experiment
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e mp fixed target experimentat the FAIR facility (GSI, Darmstadt)
1.5 < p(p) < 15 GeV, data taking programmed for 2018
e high performance: high luminosity L = 2 - 1032 ecm =2 s~ 1, good tracking/PID

e ide physics program: hadron spectroscopy (up to c-sector, exotics), hadron stature
(time-like form factors, TPD), non-perturbative dynamics (TDA, spin), hypernuclei, etc.



Introduction : The Electromagnetic Proton Form Factors

e parametrisation of the nucleon structure:

_ F»(q?) ., .
= (I (@Ip) = 7)) { Fu(@®) e + 2 0.3 b ulp)s 4= au,
— functions of the four-momentum transfer squaredg?

2
— related by Gy = F1 + Fo and Gg = F1 + 7F5, with 7 = g

e p scattering “unphysical p p annihilation
region”
real FF complex FF
0 4M? 'qz
pp — eTe~: FF modulus
pp — ete 7o

[pp — wtw~]
[pp — 7T~ w°]
FF modulus/ pp — etTe: +relative phase
relative phase polarized target



Introduction : goals

our goal:

make feasibility studies of proton form factors measurements

via electromagnetic processes with the PANDA detector

= need FULL Monte Carlo (MC) simulation:

t) physics simulation: model “true-level” physics
= implementation of realistic models needed

1) detector simulation: model detector response to all particles in the final state

1) + i2) = study background suppression, efficiency in signal reconsiction, etc.

physics simulation is the topic of this talk



Generating distributions

The problem: generate distribution following f(X), X € R C R"

The simplest algorithm:
e find tofinR,ie. f(X)<C VX ER
o (X,h)in R x [0,C]:
— if h < f(X), accept event (and fill histogram)
— if h > f(X), reject event

e iterate previous step until the desired statistics is reackd

= always work, but cumbersome in high dimension
Improvements: importance sampling, etc.

In our case:

e worked well for n = 1 and n = 2, with reasonable rejection rates
e random number generator: RANLUX (*)
— widely used in lattice QCD Monte Carlo simulations

— huge periods~ 10171, even at the lowest “luxury level”

(*) M. Luescher, Comp. Phys. Comm. 79 (1994) 100



pp — eTe™ : Physics

SRS
e LO calculation (one-photon exchange approximation) p(p1) e (p1)
A.Zichichi et al., Nuovo Cimento XX1V, 170 (1962)
e in pp CM frame, given by ~+*(q)
do
~ (1 + A cos? 0*
d cos 6* (1+ )
1—R el p(p2) e” (p3)
0* = angle(e™,p) A = R = Ce|
1+ R IGwMm|
— (with absolute normalization)
—q =p1+Pp2 =
Kinematics : §14000_+ p(p)=4.0 GeV ++_
‘45 12000; - ++++H+++ - _
e in CM frame: Tio000r % Tt ]
— E(€+) = E(e ) =+/s/2 E 8000 _ ++++++++++ -

— e™ and e~ in “back to back” configuration <
— cos 0™ distributed according to cross section 1000, * |Gg|/|Gm| =0 i

(naive :
— azymuthal symmetry, i.e. o™ uniform 2000~ ® |GE|/|GM| =3
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e boost event to LAB frame



Events

Pp — eTe™ : Simulations

N = 10° events p(p) = 10.0 GeV — /s = g? = 20.6 GeV?
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Events

pPp — ete

distributions in CM frame
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pp — eTe™ : distributions in LAB frame
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pp — T~ : Kinematic regimes

_|_ —
e 7 production is the main background channel to thee™ e~ signal, > (eFe=)

| low energy | transition | high energy |
| r t | >
0.79 2.43 3.0 ~ 5.0 12.0 p(GeV)
[4.1] (6.7] [7.7] [11.3] [24.3] s(GeV?)
DATA (1) NO DATA DATA (2)
- > >- >
polynomial fit (interpolation) Regge theory (3) cross section

model

(1) Eisenhandler et al., Nucl. Phys. B96 (1975) 109
(2) ref [6], [8] and [26] in (3)
(3) J. Van de Wieleand S. Ong, Eur. Phys. J. A46 (2010) 291



The cross section in the low energy regime

do . : .
e data: 0 at a (p, cos 60*) grid with (20 x 48) lattice sites
[Eisenhandler et al., Nucl. Phys. B96 (1975) 109]

p = antiproton momentum in lab frame, p
0* = angle (7~ ,p) in pp CMS frame, cos 0*

e at each momentum value, cross section fitted usingla

do 10
— = Z a; P;(cos 8%)
@ =

— fit function follows data

— x?/dof ~ 1

— MINUIT output : status = “CONVERGED”
error matrix = “ACCURATE"

0.79, ..

12

.,2.43 GeV
,...,0.94
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The cross section in the low energy regime

do/dQ (ub/sr)
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do/dQ (ub/sr)
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The cross section in the low energy regime
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do/dQ (ub/sr)
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The cross section in the low energy regime
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The cross section in the high energy regime

° approach to cross section calculation

[J. Van de Wieleand S. Ong, Eur. Phys. J. A46 (2010) 291]

= parametrization of scattering amplitudes in terms of Regge trajectories”

exchanged in thet and u channels - b T T T |
L LS - ! nucle()ntrajectory
o T T " 1 S S E N
7] _ -0.5
TN | & pP e
A > ° a7 1
- T ™ p o -1.5
p ]
> L \ \ \
—4 -3 -2 —1 0 1
dO' t (Gev/c)?
= Ty ata (p, cos 8*) grid of (19 x 201) lattice sites

p=3.0,...,5.0,...,12.0 GeV = high+transition-extrapolated
cos@* = —1.0,...,1.0 energy regime

16



do/dt (ub/GeV?)
|_\
o

10?

17
The cross section in the transition energy regime

do do
dQ = dt
! SO
T T
B p = 2.43 GeV 4 &3 10
- 1 S
B i 3
I 1 B
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= 4 ° 1
2 ERR
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The cross section : general overview
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do/dQ (ub/sr)

15

10
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Event generation : example in the low energy regime

kinematics : as in pp — eTe™, me — my

E.r =E.- =+/s/2, ¢, +.— = 180 deg in pp CM frame
prob(cos 6*) ~ dc‘iﬁ, ¢* flat distribution

= T ~ 30 pu sec/event

25 T T T [ T T T T [ T T T 1 T T T N — 105 events
p(p) = 1.91 GeVi/c

e E. Esienhandler et al. (1975)
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do/dt (ub/GeV?)
|_\
o

10*

do/dt (1 b/GeV?)
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Event generation :
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example in the transition energy regime
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do/dt (ub/(GeV/c)* )

Event generation :

example in the high energy regime
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Interface to PandaRoot

e generator successfully (simulation framework)

— output (i.e. particle momenta) directly streamed to simuldion framework
during execution time (no ASCII files or trees needed)

° to the PANDA Collaboration
and In current “trunk” PandaRoot version
° already available:

htt p:// panda-w ki . gsi . de/
cgi - bi n/ vi ew PANDAMaI nz/ Event Generators

22



pp — ete 7w’ : Form Factors below Threshold

e model: phenomenological approach based oGompton-like Feynman amplitudes
C. Adamuscin et d., Physical Review C 75, 04205 (2007)

p(—p1) 7 (qx) = (p-)
——® — — — — p(—p1) 7*(q) :
€+(P+)
—P1+ qr
= (p-) | 72—
p(p2) 7*(q)
p(p2) 7 (gr)

¢+ (p+) S S C—
(@) (b)
e sequence of two 2-body decaygp — v*w°, v* — eTe™
— Cross section integrated over the dilepton phase space

part of the total initial four-momentum transferred to =°
= 4m? < ¢® < 2,5 Ay = (Vs —mg)?

= region 4m§ < q? < 4M? becomes accesible

off-shell effects neglected
— no FF modification due to virtuality of off-mass shell nuclems



pp — ete % subprocess pp — v*w" (kinematics)

p(p1) — IV ¥ (g)

p(p2) ?

4-momentum conservation:p; + p2 = q + g =

P1 = (E,0,0,P)
D2 = (M,0,0,0)

q* =s+m2 — 2(E + M)E,; 4+ 2P/E2 — m?2 cos(0,)

00 <q° < q7. Upax = (V8 — mg)?

= take (q?, E) as the independent variables

— sample(q?, E) uniformly in [0,q% ] X [0, E + M]

max

— calculatecos(60), and acceptif —1 <cos(f,) <1
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pp — ete w’: subprocess pp — v*n® (kinematics)

kinematic region E = 15 GeV, N = 10° events

q2[GeV 2]

| I‘j‘-l | | - | I\I\sl | L1 1 | L1 | | - | (.Y | | U
2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
E. [GeV] E_pilGeY]

Adamuscin et al. our calculation



E_[GeV]
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pp — ete~nw? : subprocess pp — v*n? (kinematics)

0
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pion energy dependence E — 15 GeV
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pp — ete nw?: subprocess pp — v*n? (dynamics)

cross section: (integrated over the lepton phase space)

do = [kinematics] X [dynamics] Xd(phase space volume)

Ve

coupling g=~nn~, FF Fi(qg?) and F»(q?)

(1) “perturbative QCD inspired” (pQCD)
1

7t (in (%) +77)

(2) “vector meson dominance” (vmd) F. lachello et al., Phys. Rev. C69, 055204 (200¢

|GE| = |Gum| ~ q® > A? (smooth)

¥ o
+ photon couples to both intrinsic structure g(g?)
+meson cloud(p, w, @)

— parametrization in spacelike domain,
— atg® = m2 andq* = m? = regularization
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p — ete wn?: form factors
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3 4 5 6 7 8 910

g [(GeVic)']
lachello et al.

20

|G_M|/(mu_p*|G_D|
w

N
a1
II|IIII|IIII|IIII|IIII|IIII

o
a1 =

N TTT[TTTT
I
o
0
IR
o
[EEN
N

16

14
g2[GeV~ 2]

— 10F
EI C
[0) -
X -
o

3' B
é L
wooL
o

1—
10-1 ! ! ! ! ! ! ! |

10

q2[GeVA2]

our calculation

28



10t

102

10°%

29

D 0

p — ete wn?: form factors
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d*0/dE_dq* [mb/GeV’]

pp — ete @ : cross section and event generation

E =7 GeV
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our simulation
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d*o/dE_dq’ [mb/GeV”]

pp — ete 7w : cross

section

and event generation

Cross section
E=7 GeV (vind FF)

Adamuscin et al.

N = 10° events

our simulation
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pp — ete @ : cross section and event generation

vind FF N =10°% events E =7 GeV? q? > 4m?
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pp — ete nw?: cross section in the full phase space

= x

e integrated cross sections in lepton phase space P v
looses the angular distribution of dilepton pair

— not enough for full event generator virtual nucleon

e full phase space is
do

dqg? dcos 0,0 dp o dcosO* dop*

pp CM frame ~* rest frame

0* = polar angle of one of the leptons measured with respeet™ direction
¢* = angle between hadronic $7°) and leptonic (eTe~) plane

—> calculation in progress(Julia Guttmann and Cyril Adamuscin)



Summary and Conclusions

e event generators developed for
1) Pp—etTe”
i) pp — wrw—
ii1) pp — eTe~ Y (preliminary)

e interfaced to PandaRoot

— code public and ready for simulations, documentation avadble

— simulation and data analysis

— calculation full differential cross section for pp — eTe 7

— more channels : pp —+ eTe n? (TDA), pp > nrn ™7

0

0

, etc.
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