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PANDA @ High Energy Storage Ring (FAIR/Darmstadt)

Antiproton production @ FAIR
Proton Linac 70 MeV

SIS 100

proton

>

» Accelerate proton in SIS 18 /100 oS04 inac
» Antiproton production on Cu target 2

>
>

Collection in CR, Storage in HESR
Antiproton beam momenta in the range of
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High momentum resolution
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PANDA @ High Energy Storage Ring (FAIR/Darmstadt)

More than 460 physicists from 75 institutions in 19 countries

_;‘V

PANDA Physics Program

“ Hadron Spectroscopy

% Charmonium

< Light mesons

“* Gluonic excitations

< Open charm

% (Multi) strange baryons
“* Nucleon structure
< Hypernuclear physics

+» Hadrons in the nuclear medium

Two-body
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Electromagnetic Processes at PANDA

PANDA will provide a large set of electromagnetic processes

=]

¥y =4

Electromagnetic Form Factors of the proton (FFs) in the time-like region
Generalized Distribution Amplitudes (GDAs)
Transverse Momentum Dependent Parton Distribution Functions (TMD-PDFs)

Transition Distribution Amplitudes (TDAs)




Electromagnetic Form Factors of the Proton

> Describe internal structure of the proton » Sachs Form Factors Gg & Gy:

2
> Hadronic vertex can be parametrized in G,(Q")=FK(Q")+ 4sz F©Q%), G.(0)=1
terms of two Form Factors F; & F,. Y
P G, (0)=FK(Q)+F(©Q"), G,0)=yu,
- » In the Breit frame q=(0,q) and in non
wo_ N 2, 10" ¢, 2 __ 2 relativistic approach, Gg and Gy, are the
" =F(Q)r -FK(@Q) M 0 q Fourier transforms of the charge and
F magnetic spatial distributions of the
nucleon
Scattering
SPACE-LIKE 2¢0
Real FF's 4" <
s >
q




Electromagnetic Form Factors of the Proton

> Describe internal structure of the proton > Sachs Form Factors G & Gy:
2
> Hadronic vertex can be parametrized in G,(Q")=FK(Q")+ 4sz F©Q%), G.(0)=1

terms of two Form Factors F, & F,. G, (0*)=F(0Q*)+F gQZ) G, (0)=u
M =14 2 ° M — %

» In the Breit frame Q=(0,Q) and in non

wo_ N N quv 2 __ 2 relativistic approach, Gg and Gy, are the
[T =FQ)y - F(Q) M 0 q Fourier transforms of the charge and
F magnetic spatial distributions of the
nucleon
Scattering ,Unphysical Annihilation
SPACE-LIKE <0 region” TIME-LIKE q2 >0
Real FF's 9 op — n'e*e” Complex FF’s
¢t ¢ | TEVE =
\\/ 0 14 M, q
| 0
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Electromagnetic Form Factors of the Proton

» Describe internal structure of the proton > Sachs Form Factors G & Gy:
> Hadronic vertex can be parametrized in Q G,(0)=1
terms of two Form Factors F; & F,.
L G, Q)= F(Q)+F(Q) Gy (0)=wu,
» In the Breit frame Q=(0,Q) and in non
0 MV‘IV _ 2 relativistic approach, Gg and Gy, are the
=K (Q )Y =F (Q ) , 0= Fourier transforms of the charge and
M, magnetic spatial distributions of the
nucleon
Time-like & Space-Like Asymptotic behavior of the Form Factors
1 SL TL
Form F.actors are conne.cted via hm E L (g ) _ hm F" (g )
Dispersion relations ¢+

> Phys. Lett. B 504, 291 (2001)
» Unified frame for the description of

form factors over whole kinematical
region Threshold value (q°=4M?))

> Predicitions for regions without X i ‘G (4M )‘
experimental data G (4M ) =G\, (4M ) = R ‘G (4M )‘




World data on the time-like proton form factor ratio
R=1Ggl/1Gy,l

e 31
- ¢ BaBar @ BaBar (SLAC): e'e” — ppy
25 ® LEAR » data collection over wide energy range
i * FENICE+DM2
, s + ES35 @PS 170 (LEAR); pp—>e'e .
[ * © BESIII > data collection at low energies
B v CMD-3
15— 1w Data from BaBar & LEAR show different
Z %+ trends
1E #l + - —=
i ) ¢ @ BESIII: e'e — pp
§ f » Measurement at different energies
05 > Uncertainties comparable to previous
- experiments
T T s 1 12 @CMD-3 (VEPP2000 collider, BINP):

¢ [(GeV/'] 5 Energy scan /s =1-2 GeV

BaBar: Phys. Rev. D88 072009 » Uncertainty comparable to the

LEAR: Nucl.PhysJ.,, B411:3-32. 1994 measurement by BaBar
BESIII: arXiv:1504.02680. 2015
CMD-3: arXiv:1507.08013v2 (2015)



World data on the time-like proton form factor ratio
R=1Gg /1G]

e 3

- ¢ BaBar @ BaBar (SLAC): e'e” — ppy

25l ® LEAR » data collection over wide energy range
N * FENICE+DM2
- + E835 @ PS 170 (LEAR): pp —e"e”

2 -k © BESIII » data collection at low energies

N v CMD-3 .

151 Data from BaBar & LEAR show different
N trends

@ BESIIL: e'e” — pp

» Measurement at different energies

» Uncertainties comparable to previous
experiments

0.5

Testof theoreticallmodels
& predictions!

PANDA: Measurement over wide
range of 5.1 < q2<30.0 [(GeV/c)?]
with high precision




Time-like electromagnetic proton form factors
@ PANDA: The goals

- Differential cross section' of signal reaction l_)p — ("0 /= u,e

— Access to the time-like, electromagnetic form factors of the proton, 2
|G| and |G, ! : :5 v
] i p | 7 p
o) m
« b (1+—=+B’cos’6,,) (1 - B cos’ 6,,,) a
dcosO., p, s
A
R
G

> High luminosity: Measurement of signal angular distribution

- Separate determination of | Ggl, 1G,,| over a large kinematical region in the time-
like domain

- High precision measurement of the ratio R = |GE| / |GM| at PANDA

as well as the proton effective form factor | F, |2 xg,,

1) A. Zichichi, S. M. Berman, N. Cabibbo, R. Gatto, Nuovo Cim. 24, (1962) 170
10




Time-like electromagnetic proton form factors
@ PANDA: The goals

- Form factor measurements different final states: pp — ("/~ /(=u,e
- First time measurement with muons in final state
» Study of radiative corrections
- Consistency check of proton form factor data
» Test of lepton universality
- Possibility to access the relative phase of proton time-like form factors:
pp —> ("1~ in the Born approximation:
> Unpolarized cross section -> access to |G| & |G|

- Polarization observables -> access to relative phase GG, ,*:

Single spin polarization observable (d_(f) A, *sin2G6
0

dQ

» A.Z.Dubnickova, S. Dubnicka & M.P. Rekalo Nuovo Cim. A109 (1996) 241-256

- Development of a transverse polarized target for PANDA in Mainz

11




Time-like electromagnetic proton form factors
@ PANDA: The goals

> Access the unphysical region, where no data exist so far

pp—>me'e
N pp > M. P. Rekalo, Sov. J. Nucl. Phys. 1 (1965) 760
q2 e » C.Adamuscin, E.A. Kuraev, E. Tomasi-
- pi Bl 0 Gustafsson and F.E. Maas, Phys. Rev. C 75,
p 0 e p T ot 045205 (2007)
pPl ™ p P > Feasibility studies by

2 J. Boucher, M. C. Mora-Espi; PhD thesis

q e - » J.Guttmann, M. Vanderhaeghen, Phys.Lett.

B 719, 136 (2013)

- Measurement of time-like proton form factors up to s =~ 30 GeV?@ PANDA
- Study the asymptotic behavior of the form factors

» Strong hadronic background, mainly []319 — 1T ,Iﬁp — atn x’
O-(ﬁp g '7[+'7[_) e [105 _ 106]
o(pp—1(71")

> E.W. Singh et al.: EPJA52, 325 (2016)

Background rejection factor 10 needed Feasibility studies needed
-> expected signal pollution < 1% sy for all signal channels!

12




Feasibility studies: time-like proton form factors
for PANDA

Lpp— U (L= e,u)

Study of the statistical and total uncertainty on
R, |Gl & Gy, IFpl and o

13



Feasibility studies: time-like proton form factors @ PANDA

Monte Carlo Simulation Studies

r pp—= U0 (L=e,u) rﬁp —

Standard chain

Simulation & Analysis

with PANDAROoot:

Event generation

Digitization

Reconstruction

Particle Identification

Event Analysis
Pbeam
[GeViel 1.5 | 1.7 | 25 3.3 6.4
s 51 | 54 | 6.8 8.2 13.9
[GeV?]

Event selection:

> Preselection: One positive and one negative
particle per event

» Cuts on kinematical variables: Production angles
(back-to-back in center-of-mass system), &
Invariant Mass.

> Signal/Background separation based on:
» For e*e : Different subdetector information like

Electromagnetic Calorimeter, Straw Tube
Tracker etc. contribute to particle identification

» For p*u : Boosted Decision Trees + cuts.
Detector information MAINLY from Muon
Range System

14




Feasibility studies: time-like proton form factors @ PANDA

Monte-Carlo Simulation studies

10°

- . > New event generator developed by
3 pp — U T Mainz group (M. Zambrana et al.)
10%ka adba, YW Adgs . » Based on two different parametrizations
5 A *2aa A MM Aidgaid ¥
A A A Ak A A \AF 4 T
1ok Poeam= 1.7 GeV/c
: _ Ocu

do/dcos® [u b]

.=5.0GeV/c - &

., pbea ) ) .
= 6.21 GeV - —
: o(pp = (')
10-3 1 1 1 0I5 1 1 1 1 Ol 1 1 1 1 0|5 1 1 1
cosf,,

> J. Van de Wiele and S. Ong: EPJA46, 291-298 (2010)
> M. Sudol et al.: EPJA44, 373 (2010)
» E.W. Singh et al.: EPJA52, 325 (2016)

Data are from

Eisenhandler et. al. NP B96 (1975)
A. Eide et. al., NP B60(1973)

T. Buran et. al., NPB 116(1976)

C. White et. al., PRD 49(1994) 1o



A) Feasibility studies: time-like proton form factors

@ PANDA for

e

» Study of precision for |Gyl & |Gy, |, the form
factor ratio R & effective form factor

> Study of the systematic effects : generator
model, fluctuations and fit function

» Method I: event generator based on physical
cross section & expected events are simulated
» Method II: 10° events + flat Phase Space (PHSP)

event generator + weighting

16



A) Feasibility studies: time-like proton form factors @ PANDA

Signal efficiency & Background rejection

Method I

Signal: pp —e'e” 2 : L
» Zichichi cross section! + PHOTOS £ °9%%°F . Generated events .09 ¢
-c. .° 908 %
» Assuming R = |GE|/|GM| =1 500001 .. Lot J07 &
> s[GeV?]:5.4,8.2,13.9 - T Zoe 2
e 40000: Signal efﬁc1ef1Acy | ~2: g
» Additional samples for signal efficiency 30000;_ e ot Joa
determination ~10° events 20000F "t "e a=ens -t J0.3
- Reconstructed events 02
> Total signal efficiencies between 39% and 51% 100001 =T
o I E I B U R
Background: pp — n' " e ° o° cose1o
» New event generator @ s=54, 8.2, and 13.9 | cOS 0| <08
[GeV2] o
> 108 events at each energy point
» Background rejection ~ 108
Signal pollution < 1%

1) A. Zichichi, S. M. Berman, N. Cabibbo, R. Gatto, Nuovo Cim. 24, (1962) 170 17



A) Feasibility studies: time-like proton form factors @ PANDA

Signal efficiency & Background rejection

Method I

Signal: pp —>e'e” $ 35000
» Zichichi cross section! + PHOTOS w - )\\f\‘ * .
> Assuming R=|G,|/|G,|=1 0% et
21. 2500
> s1GeVi]:5.4,8.2,13.9 - Efficiency corrected
» L=2fb1 20001 events
» Additional samples for signal efficiency 15005_
determination ~10° events C
1000
. o o . o o N
> Total signal efficiencies between 39% and 51% 500k | oS 9| <028
Background: pp — 7' Q; S ¥ -S B - S—
» New event generator @ s =54, 8.2, and 13.9 cos6
[GeV?]
> 108 events at each energy point
- Extraction of FF's & R+AR
> Backgrg.und lre] elcltlct)'n = mli/ from efficiency corrected
1gnal poliution < X7 signal distribution

1) A. Zichichi, S. M. Berman, N. Cabibbo, R. Gatto, Nuovo Cim. 24, (1962) 170 18



A) Feasibility studies: time-like proton form factors @ PANDA

Statistical & total relative uncertainty on R, |G| and 1G]

S pp—>e'e
parnda .-
B A BaBar
L Vv LEAR
- B FENICE+DM2
— ¢ E835
Results - +oeen
Statistical relative uncertainty (MI) . =2 fbl ® PANDA Method |
% AIGLI/1Ggl : 0.9% - 48% R A PANDA Method |
AlGy 111Gy, 1:0.4% - 9.4% n _
AR/R : 1.3% - 56% - + _»
AIF,I/IE,l: 0.3%-6.0% - t; o W |
] T B ‘T
Systematic uncertainties: : }
Luminosity measurement & — . |
Background contamination. -
B | | | | | | | | | | | | | | | | | | | | | | |

Total relative uncertainty (MI 4 6 8 10 12 14

% AIGgl/1Ggl ¢ 2.2% - 48% s [GeV]

* AlGyl/1Gyl:3.5% - 9.7% Time-like electromagnetic proton
3.3% - 57% form factors can be measured with

high precision @ PANDA using the

» E.W. Singh et al.: EPJA52, 325 (2016) electron channel 19




B) Feasibility studies: time-like proton form factors
@ PANDA for

rﬁp —

Study of the statistical and total relative
uncertainty on R,
|Gl & Gy,

20



B) Feasibility studies: time-like proton form factors @ PANDA

Signal efficiency
| I + - ° ° °
pp —~u u Analysis : Boosted Decision Trees & Cuts [cos6]<0.8
2 4000210 . 0.8 .
Signal: pp — u'u” E - MC generated signal events:
» Follows physical cross section S 35000 . P = 13 GVl o 0.7
> Assuming R = |GE | / |GM| =1 3000 HAHHA¢A¢A¢A¢A+A$A$A*A$AHHAH Jos
> L=2fb" 25000 o e Jo5
> s[GeV2]:5.1,5.4,6.8,8.2 -, Signal efficiency 5
2000/ e 0.4
B g ]
- O+ @ ]
15000 o \ O —0.3
: S o o - HOH - Ot e ]
Total signal efficiency between 24% and 35% 1000F -+~ OO . £
o O {0007 O o]
5001 0.1
Background: pp — 7w"7" N T ST TR TTIE |
0.8 0.6 —0.4 /—0.2 0 02 04 06 08
» New event generator Reconstructed signal events cosOcn)
@ s [GeV?]=5.1,54, 6.8, 8.2
> Two samples (1*10%) at each energy point: » Background rejection factor ~10~-10°
: g?di’m% ll:acllzgrounzll re];ftlotr," > Expected signal/background ratio:
ects of background subtraction between 1:4 and 1:9 at g2 =5.1 (GeV/c)?

21



B) Feasibility studies: time-like proton form factors @ PANDA
Study effects of background subtraction

' How to obtain the background contamination?

> Background rejection factor ~ 10--

> Expected signal/background ratio:

background contamination

between 1:4 and 1:9 at q? = 5.1 (GeV/c)?
> Background subtraction removes pion

10¢

5.1
5.4
6.8
8.2

q? [GeV/c]?

Nopnys (M)
1.28 x 10°
8.30 x 10°
1.78 x 10°
4.97 x 10*

L=2 fb!

N hys (TT7T)
2.65 x 1011
2.02 x 1011
4.52 x 1010
5.93 x 10°

Residual " counts after signal selection " background contamination

700 x10°

counts

B =1 o 4o
600 Prean = 13 GV Twyo statistically

independent
distributions (B1, B2)
SO
- " S
300 [
- 80 -
SN

TRandom3 ,, | .=

using f(x) @ w distribution
10 after signal selection (S) -s

i C - e pS =
200l \ Lo ol 1 ‘ ‘ ‘

08 -06 -04 =02 0 02 04 06 08 08 -0.6 04 02 04 06 08
oS (eCM) cos(GCM)

108 events were generated Background subtraction: (S+B1) — B2

500 —

400

40 .- pbeam 5 GEV/ C

[ I
-02 0

22



B) Feasibility studies: time-like proton form factors @ PANDA

Statistical relative uncertainty on R, |G| & |G|

pp— u Analysis : Extraction of |G| and R lcos6|<0.8
Signal: pp — u'w > Extraction of |G| and R from
> Follows physical cross section efficiency corrected p- distribution (after
> Assuming R = |GE | / |GM| =1 background subtraction)
> L=2fb1

> s[GeV?]:5.1,5.4,6.8, 8.2

L=2 fb!

120 x10°

counts

Total signal efficiency between 24% and 35%

P = 1.5 GeV/c

100 |

%ﬂ
Background: pp — 7' 7" 80 W

> New event generator 60 [ Efficiency corrected events

@s [GeV?]=5.1,5.4,6.8, 8.2 [
49 Fit function ~ do/dcosO
> Two samples (1*108) at each energy point: -
* Studying background rejection, 20 -
« Effects of background subtraction i

0 I 11 111
-08 -06 04 -02 0 02 04 06 038
cos(GCM) 23



B) Feasibility studies: time-like proton form factors @ PANDA

Statistical & total relative uncertainty

2

73 Darnda

o 3[
Results - P ¢ BaBar
Statistical relative uncertainty (MII 55k L=21fb : ;‘;‘:ﬁ: E DAL
- + J\ /
AlGM|/|GM|: 1.5% - 9.6% B oy BESIII
AR/R: 5.0% - 37% 2 v CMD-3
gl T ® PANDA sim muon MI
AIF I/IE I:  0.33%-0.99% - A PANDA sim muon MIT
p p° ) ’ 15 ™
Ac/o : 0.65% - 2.72% " } { _
1} ‘& I
Method I uses different (unrealistic) - &) 1 T
shape of the pion background -
contamination -> check influence of 05— ‘ +
shape -
0 B 1 I 1 | | I 1 1 1 I 1 1 | I | | 1 I -I
Method II uses more realistic shape of 4 6 8 i G 1‘%/ \
pion background contamination than ¢ L(GeVier]
Method I
24




B) Feasibility studies: time-like proton form factors @ PANDA

Statistical & total relative uncertainty

PP —uw

Results
Statistical relative uncertainty (MII
o Al GE |/| GEl . 3.10/0 - 270/0
o Al GM | /| GM |: 1.50/0 - 9.60/0
5.0% - 37%

Systematical uncertainties

% Luminosity measurement ~ 4% relative
systematical uncertainty
-> contributes with 2% relative
uncertainty to | Gg ;|

o Al Fp 1/1 Fp | s 0.33% - 0.99%
< Ao/o: 0.65% - 2.72%

Total relative uncertainty (MII) % Choice of cuts

% AIGg/1Ggl:  3.7% -27%
% AlGyl/1Gyl:  2.5% - 9.9%
5.0% - 37%

% Choice of histogram bin width

Time-like electromagnetic proton form factors can be measured with high
precision @ PANDA using the muon channel

25



B) Feasibility studies: time-like proton form factors @ PANDA

Other relevant background channels

E;El—l cda

Estimation of rejection factors for other relevant

background channels

Monte-Carlo simulation with PHSP & Analysis at
q*>=5.1 GeV? & 8.2 GeV? for

o pp — .71:0.7[4--7[_
’:’ l—?p — K+K— & ﬁp - jTOK+K_
2 ﬁp — 71;0_77;0

Calculation of expected statistics
and rejection factor

Estimation of upper limit @ CL 95% : sufficient

suppression achieved ->signal pollution <1%

After event preselection

counts

- |p. at1.5GeVic
L beam

10° - | T W

- | K'K

1
175 176 177 178 179 180 181 182 183 184 185
©® + 0) v [DEGI

New investigations on light meson
(charged and neutral) channels can be
found in

» Phys. Rev,, 2017, C95 (4), pp.045202

> Phys. Rev. C 96 025204 26



C) Feasibility studies: time-like proton form factors
for PANDA PHASE-1

pp—= U0 (L =e,u)

Study of the statistical uncertainty on R,
|Gl & |Gy

27



The PANDA detector (start/full setup)

PANDA Phase-1: first data taking phase with reduced luminosity and reduced
detector setup

Cluster & Solenoid
Pellet Target Magnet . Muon FW
‘ Dipole System
I Il Magnet y
FW EMC FW
Shashlyk Luminosity
Dipole detector

ToF

Iw

J
_ |
= e~ S
il ll iy N = i
] : : N\

oo o _“é\l_ S
\ A — f
1 Pl (S L |
/ T . f —
{l U = 2l
/|

|

|

NS

Barrel DIRC
& ToF

Muon Forward FRICH FToF
Filter Tracker

Barrel GEM(2) Barrel fw Endcap -
STT EMC GEM(3) MS MS BPanr da

28



Proton form factor measurements at PANDA-PHASE1

Relative statistical (total) uncertainty

e 3
L = 0.1 fb'l BaBar
LEAR
- m— 25 FENICE+DM2
pp—~uu  Results E835
Statistical (total) relative uncertainty BESIII
2 CMD-3

=1.5 GeV/c
Pbeam ® PANDA sim muon

B PANDA PHASE-1 sim muon
AIGEgl/1Ggl: 13.8% (14.3%) 15

Al GM | /l GM | . 6.50/0 (6.90/0)
AR/R : 20.0% (21%) . +, o

Al Fp |/1 Fp | 1.5% (2.5%)
05
Ao/o : 3.0% (5.0%)

0 | | | | | | | | | | | | | | | | | | |
4 6 8 10 12

Q2 [(GeV/e)]
panda

29



Summary & Outlook

* Measurements of the proton form factors in the TL region over a large kinematical
region using electron and muon channels:

pp— L (L =e,u)

+ Feasibility studies show that the TL proton form factors will be measured @ PANDA

with high precision for both signal channels

* For PANDA-Phase-1 (reduced luminosity), the measurement is also possible with
both channels

* Publication for electron channel 2016:  E.W. Singh et al.: EPJA52, 325 (2016)
* Publication for muon channel in preparation
* Development of an event generator including next-to leading order QED radiative
corrections is in progress .
* Measurement of proton FFs in the unphysical region: | pp — ete 0
* Feasibility studies with PANDARoot are needed

» Possibility to access the relative phase of proton TL FFs
» Polarization observables give access to G G ),*
* Development of a transverse polarized proton target for PANDA in Mainz

30
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B) Feasibility studies: time-like proton form factors @ PANDA

Statistical & total relative uncertainty

pp—>uuw

|3“EI_I cda

0.16 —
Results 3 \ O Method I
Statistical relative uncertainty (MII) 014 2 A Method II
% AIGgI/IGgl:  3.1%-27% 012 B — FFModel: Mod. Dipol
AlGyl/IGyl:  1.5% - 9.6% - \
AR/R : 5.0% - 37% 0.1~ N
- N
AIE,I/IE,l: 0.33%-0.99% B N4
Ao/o : 0.65% - 2.72% 0.06 N
- ~
Total relative uncertainty (MII) 0.04 = L=2 fb"! #\\\\
% AIGgl/1Ggl 1 3.7%-27% 002 o
¢ AlGyl/IGyl:  25%-9.9% - | | | | |
4

—

o AR/R : 5.00/0 - 370/0

5 6 7 8 9 10
Q2 [(GeV/c)*]
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PANDA: Phases of data taking

—_ 2016 |2017 |2018 |2019 |2020 |2021 |2022 |2023 |2024 | in 2025 beyond
panda
Phase-0 | >
Phase-1 D ! ' ! ' !
start setu :
P | »
PANDA Hall available fTinstallation > >
com.m|55|on|ng |:> physics as sopn
with protons .
as antiprotors
e R z
become available

Phase-2

s
installation| >
physics D
Phase-3 >

RESR included
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Proton form factor measurements at PANDA-PHASE1

Relative statistical uncertainty

L=0.1fb"! pPpanda
Efficiency corrected signal distribution op— utu
. pp—u u
(after background subtraction)
o 7000
5 | Results
S B = 1.5 GeV/ e
6000 - Poeam o Statistical (total) relative uncertainty
2000 B Pbeam = 1.5 GeV/c
4000 |-
3000 |- AlGyl/1Gyl:  6.5% (6.9%)
N AR/R: 20.0% (21%)
2000 . .
B Fit function ~ do/dcosO Al Fp 1/ Fp |- 1.5% (2.50/0)
1000 Ao/o : 3.0% (5.0%)

0 II|III|III|III | 111 | 111 | 111 | 111
-08 -06 04 -02 0 02 04 06 038
cos(BCM)
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Proton form factor measurements at PANDA-Phasel
Importance of the EMC

PANDA Muon System

e 20
3 —>
- 1
z 18 . P M
- 16 I |1
£ I oo |
S uE nmm T T
= e " _
S 1 —— e L
.§ . T
E  JofLa I s —
= TR B, 1
gE  ww R
T + ———
6 [1] | ol . m. )
ImI w1 W mEEE |
4 — T IR
T EEEE T 1
[ | el . m

(=)

0 20 40 60 80 100 120 140 160 1
6,, [DEG]

panda
/\

20

10‘ ‘g é. D 101 é
: B PP ? JU \JT -
T 16 no n [
z IO —
10° S 1 VRO . 10°
: l.ll: — -lIlI=I"I' [
-E L Mmoo 1
10* 2 . 1.:!: nonn 10°
m -
- =1
10 With -l[I- —— m ;;:" 1 10
EMC SsacIEEE B 1
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EMC material in front of Muon System -> most of pions are stopped inside the first
layers of the Muon System -> EMC material acts as muon filter

_ Total signal | Total background :
Pheam= 1.5 GeV/c efficiency efficiency S/B ratio AR/R (stat.)
With EMC 32 % 1.2*10° 1/8 20%
Without EMC 36 % 1.7 *104 1/100 60% 35




Feasibility studies: time-like proton form factors @ PANDA

Background studies

» New event generator developed by Mainz working group (M. Zambrana et al.)
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