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Outline

* Global motivations for nucleon structure studies in pp
annihilation reactions

Complementarity with electron or photon scattering
experiments
* Technical issues related to electromagnetic process
measurements
e Status of feasibility studies

* Conclusion and perspectives
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Béatrice Ramstein

v' Meson spectroscopy
* D mesons
* Charmonium
* Glueballs, hybrids,
tetraquarks,

molecules,...
v' Charmed and multi-strange
baryon spectroscopy
v" Single and double
hypernuclei
v Hadrons in nuclear matter
v’ Proton structure

AntiProton ANnihilation at DArmstadt
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Strong Interaction Studies with Antiprotons
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Hadron and lepton probes

for nucleon structure

Crossing symmetry — same matrix elements in crossed channels
— counterpart observables
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The PANDA experimental set-up

Si pixel/strip detector
o(vertex) ~ 50 um dE/dx

e —— : 7. Muon chambers ..
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Detectors for electromagnetic channels

e Barrel calorimeter: 11000 PbWO4 crystals PROTO 120
cooled to -25°

In 16 slices =
720 crystals
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prototype measurements

Range system for muons (Groningen, Juelich, Varsovie)
K24 MoTs 576 MDTs Mini drift tubes

. Dipole ECAL

Target Spectrometer RICH

2751 MDTs \

> | | Strip board

TOTAL : 3751 MDTs
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Rejection of pionic background

Straw Tube Tracker

ElectroMagneticCalorimeter

dE/dX [keV/cm]
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Non-gaussian tails of truncated dE/dx distribution

1) Use complementarity of e/m discrimination
capability of the different detectors

2) Use the different kinematical constraints
of pp —> e*e" X and pp — n*w X reactions

More difficult for muons !
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Analysis tool developments

Particle Identification using Straw

Tubes (dE/dXx)
Comparison bayesian/gaussian :
ore}
OQE— 0,92— I
ol TR MisID
o6f o6f mT—C
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0-35;_ e —¢ 0.3;— ¢
02F 0.:2F -
of e
ORI s L B N Y LA W
Bayes vs Gauss p (GeV/c)

Fit Kunne (Orsay)/ M. Gu‘nberidze (Darmst‘adt)

Bremsstrahlung correction using
photon detection in EMC

Effect on J/y reconstruction

350 Without Bremsstrahlung correction PP / e
awE With Bremsstrahlung correction e'e
250; | | ' ' ' at 4.65 GeV

200

150

100
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B. Ma (Orsay)

e+e- invariant mass (GeV)
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Polarized target developments
HIM Mainz

 Goal: transversely polarized target for PANDA

— pp—e*e : access to Im(G.G*,,)
— Drell-Yan: access to Sivers function f,-(x,k;) and transversity h;;(x)
* Main problem:

PANDA barrel solenoid field B=1-2T

* Principle: superconducting shield

l

4

On-going studies: Residual field in target region for different geometries
Material budget
B. Froehlich (Feher), HIM Mainz 9




Hadron and lepton probes

for nucleon structure

Crossing symmetry — same matrix elements in crossed channels
— counterpart observables
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Time-Like and Space-Like electromagnetic form

factors : an unified picture

two electromagnetic form factors for the proton G¢(g?),G,,(g?)

complex analytical functions (real for g?<4m ?)

From S. Pacetti, arXiv:1012.1232v1
I T
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Feasibility studies for form factor in the unphysical region (q°<4m ) with PANDA

v'in pp—e*ten® (J. Boucher, Orsay, PhD 2011)
vIn pd —ne*e (H. Fonvieille and V.A. Karmanov EPJA42 (2009) 287-298)
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Projections for PANDA L=2 fb1 (120 days at full luminosity)

» Background suppression factor >10° (per bin) taking into account PID & kinematic fit
» — contamination << 1% per bin
» Signal efficiency ~ 40-15%

3
Orsav/Mainz M. Sudol et al. EPIA 44 (2010) 373 - 2 LEAR
G :_:_;. I I L L \.Bahm | 25:— ¥ FENICE
eff n, g S s BaBar 2013
10717_ -%ér ¥ CLEO : "
: L%?” = PANDA C PAN DA
m*"T Efh 15_
sl 4] I PANDA F ++
07 | JTHL pQCD ? Lo
5 ¥ X
. % T E 0.5 +
10° 4 | ﬂ : ‘ : -
5 10 15 7 25 30 OBt v v v v v v v
<1% ~10%" ~23% ~50% v 8 0 By
Phragmen-Lindeldf theorem
Jim et @®H - im o™ @) — PANDA is unique for Time-Like form factor
q° —» —o q- — +©

measurements at large q2 (q2>9 (GeV/c)?)

New simulations with PANDARoot software :
A. Dbeyssi (PHD Sept2013 Orsay), Dmitry Khaneft (HIM Mainz)
see A. Dbeyssi’s talk interest of polarization: relative phase between G and G,,
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Radiative corrections for pp - e'e:

electron and proton radiation

Photon emission from both leptons and hadrons
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(g) ih ] 0.38
E_o.azs :
A.L.Ahmadov et al Phys.Rev.D82 094016(2010) i Topar = 5 GeV
1.Van de Wiele et S Ong, Eur.Phys.J. A49 (2013) 18 > E, <100 MeV

l 40% but depends

0.25
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Born cross section 0z f ‘
No radiation from hadrons  oass:
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Radiative corrections for pp - et*e” in practice

Effect of radiation
— reduction of the selection efficiency
by 17% without Bremsstrahlung correction

by 10 % with Bremsstrahlung correction p,=3.3 GeV/c

9%=8.21(GeV/c)?

pp—=>e‘ey and pp—2>ete

1000
Total PID > 90%
PID; >5%
B' Ma (IPN Orsay) 800 Nb. of fired crystals in  >5
GDR working group on e 10
. . 600 (0" +07)[CM]  [178°-182°]
annihilation and scattering 1o+ — &~ | [178°-182°]

Invariant mass +/s > 2.72GeV

electromagnetic processes
Orsay Oct. 7-8 th

8

20000 evts generated w/o photon emission

20000 evts generated with photon emission
III|IIII|IIII|IIIJLIJJ»-J-MII et b g |
05 1 15 2 25 3 35 4
M., (GeV/c)

8

c’_III|III|III|III|III|

o

strategy for radiative corrections
v Implement photon emission (both from electron and protons) in the event generator
v’ Global correction: efficiency + radiative correction

14



e electromagnetic Torm tactors In

Mass effect negligible

4

2t P, 4M? | -
40 (5,0)= 27 P i PN 22e 1 B2 cos?6, L ) B2 +] 1+ 2™ + B2 cos?6,,
dcosB,,, 2-s p\' s \ 5 '
.54
« EXtract ‘G E| and ‘G M‘ |GM

* G; and G,, can be extracted in the same way as for pp—e*e
—Additionnal measurement with

v’ different systematic errors

v' no radiation correction needed

On-going feasibility study (I. Zimmermann, HIM Mainz)
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First studies for pp—u*u

| )
1) 2,
\
PID:
« MDT
e MVD
Muon * STT
o« Fiter | * EMC
Barrel (B) Endcap (EC) (MF) e DIRC
Y~ » DISC
(1) EC&MF:
\WJ 11 detection layers of Mdt's No
/z\ ~40° polar production angle: 4-moment.um
“ overlap region B& EC: G aTon
1 “Hybrid tracking” checked
2 B: etection layers
3) B:13d lay
o PID criterium
' 4 ) Forward Range System (FRS) “very tight”
> ‘ (not shown): 16 detection layers E

1.5 GeV/c beam momentum

Signal = g
i ppoule)

[Number of fired layers MDT versus polar angle |

Numffer of layars MDT
N I"./ \\.
W

= | g
K. 1 I} 1]

| g 1
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Background p p= :r@

Number of fired layers MDT versus polar angle |
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; : : 7
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&, (DEG)

Entries 24731 5

1800

eff*acc after PID
and kinematical
cuts:

for utu= 50%

for ttn =0.02%
(108 needed !)

Pion decays

Tracking software (S. Spataro Torino)
Simulations: |. Zimmerman (HIM Mainz)

Muon tracking will significantly improve the result,
but n*n~ subtraction probably necessary




Hadron and lepton probes

for nucleon structure

Crossing symmetry — same matrix elements in crossed channels
— counterpart observables

YP—> YP Wide.AngIe PP— 7 Y
Compton Scattering

A

P
v
Generalized Parton Generalized Distrib.
Distributions Amplitudes

a =
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Hard exclusive processes at large P,: GDA

Generalized Distribution Amplitudes (cf GPD) .

pp—>y1%, VP . Y9,

f\ ) Quark momentum correlations

L= ® 3

& e

P. Kroll and A. Schafer, EPJ. A26,89 (2005).

vy — pp from BELLE up to Vs=4 GeV
C.-C. Kuo etal., Phys. Lett. B621, 41 (2005)

[[6>537in cms | PANDA sensitivity
0=0.2 pb

100 evts/month
at 100% efficiency

JE[GeV)

Béatrice Ramstein “Electromagnetic processes with PANDA"

easier !

pp—yn° Fermilab data E760 up to

Vs=3.7 GeV
T. A. Armstrong et al, Phys. Rev. D 56,
2509 (1997).

First estimates:
S/B~ 1 for yy (25% signal efficiency)
S/B ~ 2 for n% (50% signal efficiency)

PANDA group from
Giessen university

GDR meeting, Saclay, 26-11-2013




Hadron and lepton probes

for nucleon structure

Crossing symmetry — same matrix elements in crossed channels
— counterpart observables

ep—epn’ Bwd pp—eten® Fwd/bwd
electroproduction
- *
y 5 .. o> V" Large g?
p Largeq S small t or u
small u TIT.
P oA

=~ T

P(pp}

Transition Distrib.
Amplitudes

Transition Distrib.
Amplitudes

On going analysis in 7° electroproduction at
backward angles (JLAB) — access to same TDA

Explores pionic components
in the nucleon wave function
Transverse picture of pion cloud
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Hard exclusive processes

at forward or backward an
Signatures: angular distribution

Access to Transition Distribution Amplitudes

les : TDA

of the e*/e- in the y* frame
do/dQ~ (1+ cos20)

c~1/q8
pp—eten®etepleten,...
p(pp) ) Kinematical conditions:
Yo, T large
X (ori/y) small toru (0,=0°or 6, =180°)
Factorization * LM
ki ki
[ )
“" \
p(pp) prz)  Orp; M, 0,
(p_—py)-n
s == skewness
TDA universal objects: depend only on £ and A,

(p_+p,)-n

A, = F(t.2)  transverse transfer

“Electromagnetic processes with PANDA"

Béatrice Ramstein

GDR meeting, Saclay, 26-11-2013



TDA in pp — etert’

First cross section predictions:

J.P. Lansberg et al, PRC76,111502(2007) pp—erer?
)
T 10° \
n® emitted at 0° or 180° _< — Weaee?
bl 8 — W=20(GeVic)®
© E 10* \
_1'B

10 \
10 1 1 1 1 é 1 1 1 1 1|O 1 1 1 1 1|5 1 1 1 1 I 1 1 1

1
25

42 [(GeV/cy]

Feasibility studies for s=5 and 10 GeV?
M.C. Mora-Espi, PhD Mainz, 2013
for L= 2fb1, 4000 counts for g?=5 GeV/c? 250 counts for g2=10 GeV/c?
Background = mostly t*nnt® rejected by factor > 108
Signal efficiency =20-50%

* Counting rates highly model dependent J.P. Lansberg et al. Phys.Rev. D86 (2012) 114033
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TDA in pp—>J/y 10

* Advantage with respect to pp—eten?

— Higher counting rate
— This process is a background for the charmonium study

pp—>h.—»>Jyn® M, =3.525 GeV/c? o
et

ton, alk by/( s
2 Fixed g%= (M, )2=9.59 GeV/c? | Orroy, €Meno,,
p+p—> 7/ s+ ’
T J — E_ + E_
0
T = 2y

Validity of the factorization [t| or [u|<<q*=(M,,,)*=9.59 GeV/c’

AN
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Predictions for PANDA pp—J/w 7

New event generator based on TDA model 6=102 pb ats=12.25 GeV/c?

B. Pire et al., Phys.Lett. B724 (2013) 99-107 v Consistent with data (141 evtsin
total from FERMILAB E760,E835)

v alternative approach: Lagrangian
models

B. Ma (IPN Orsay) in collaboration with
K. Semenov (university of Liege)

N “E‘ op D I/¥ 10 J. Van de Wiele and S. Ong, submitted to EPJA
" 5=12.25 (GeV/c)? Sobf
"E ti for 8,65=90° A
e t o fOT 087
m;_ g, cMs— o1 0.4
E 0.3
ta NE 02| Hadronic FF
T e o S T A N 1772 e B G
t(GeV?) ) \
0.1
13000 evts (2fb1) for forward m° emission %6 |

0'053 32 34 36 38 4 42 44 46 48 5

J/y can be easily rjconstructed (seeslide 8) %]
Ecu (GeV)

v'Total and differential cross section can be measured with PANDA
v'Background study needed (e*e =%, nttnm0)

AN
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Hadron and lepton probes

for nucleon structure

Crossing symmetry — same matrix elements in crossed channels
— counterpart observables

) h &
eprenX SIDIS & | ppopX/eteX
Q
o)
e — @ N&
v/a .{c,’@ - X Drell-Yan
= . o° p PD . fr
= 20 Y
Q)\
M g " :
X I_
P > X
S Parton Distribution
Parton Distribution Functions
Functions

Béatrice Ramstein

W]
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pp—outuX/ete X

Drell-Yan processes

A
p S|

%“’“ k; p=xP+k;

e access to Parton Distribution Functions

* Unpolarized cross section:

f1(x) o hy(x,k;) o - o

Boer-Mulders term in Cos 2¢

» Further perspectives with transversely polarized target (on going R&D in Mainz)
— access to Sivers function f;(x,k;) and transversity h{(x)

0 - o -0 - 0
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Drell-Yan processes: PP X/eteX

PDF

projections for PANDA e

* Unpolarized cross section:

Projections for PANDA: ¢ asymetries

0 - 0 1.5 GeV/c2<MW< 2.5 GeV/c?
Boer-Mulders  term in Cos 2¢ —

f,(x) hy(x,k.)

°~“5§ 2< p; < 3GeV/e
01— ‘;4'_4_1
———— e
vosi 7 R :t
Simulations for PANDA P e
— Dubna and Torino/Brescia groups ;f_ AcC® s ~30 GeV?
A. Skachkova hep-ph/0506139 (Dubna) .oﬂiuu_lfli”]flﬁHlmjl llllllll o
A. Bianconi, M. Radici, Phys. Rev. D71, 074014 (2005) oo e
— o6~ 0.8nb @ s=30GeV? (p=15GeV/c) Xp

130 kevts/month for 1.5 GeV/c2<MW< 2.5 GeV/c?
— Kinematical criteria to reject u*u pairs of non Drell-Yan origin.
— Detailed study of contamination of charged pions neceesary

Béatrice Ramstein “Electromagnetic processes with PANDA" GHP meeting, Denver, 10-12-04-2013 26



Perspectives for other studies

Meson transition Form Factors: (J. Meschendorp, KVI)
n—-ye'e, n’—ye'e, oonlete, Jy—eten

pp — T, pp — KK
Need to be measured to control the background for electromagnetic channels
Intrinsic interest : reaction mechanism , transition towards perturbative QCD regime

Double-handbag mechanism: TDA in fop—)n*n'
A.T. Goritschnig et al., arXiv:1311.1908[hep-ph]

p:q,v miq pav nig

~ soft part - ~ soft part -

S[udl:ky \ hard part / dikea Az STk, N hard part /5 dikz Ay
Studl:k, 74 / ‘X Tk Ay Studlk, R W\ ks

—7 soft part o~ —7 soft part o~

[=H-HT) (encodas non-perturbative dynamics) mnp [=H=H" {encodes non-perturbative dynamics) mnp
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Summary

e Fair and PANDA are on track

—> Unique opportunity for hadron physics in Europe
— Exciting perspectives for nucleon structure studies using
electromagnetic channels in pp

 Experimental challenges for electromagnetic
channels : PID, tracking, electron Bremsstrahlung
, muon detection

* further perspectives with polarization

4,
Tr
® < °

Béatrice Ramstein “’Electromagnetic processes with PANDA" GDR meeting, Saclay, 26-11-2013



PANDA Collaboration panda

More than 520 physicists from 67 institutions in 17 countries

=A™=
ma Nl ZISEN =25

Aligarh Muslim University =~ Kamatak U, Dharwad  |IT Indore PNPI Gatchina

) Basel TU Dresden Julich CHP U of Silesia

IHEP Beijing JINR Dubna Saha INF, Kolkata U Stockholm

U Bochum U Edinburgh U Katowice KTH Stockholm
Magadh U, Bodh Gaya U Erlangen IMP Lanzhou Suranree University
BARC Mumbai NWU Evanston INFN Legnaro South Gujarat U, Surat
[IT Bombay U & INFN Ferrara U Lund U & INFN Torino

U Bonn FIAS Frankfurt U Mainz Politechnico di Torino
IFIN-HH Bucharest LNF-INFN Frascati U Minsk U & INFN Trieste

U & INFN Brescia U & INFN Genova ITEP Moscow U Tubingen

U & INFN Catania U Glasgow MPEI Moscow TSL Uppsala

NIT, Chandigarh U Gielien TU Minchen U Uppsala

AGH UST Cracow Birla IT&S, Goa U Minster U Valencia

JU Cracow KVI Groningen BINP Novosibirsk SMI Vienna

U Cracow Sadar Patel U, Gujart IPN Orsay SINS Warsaw

IFJ PAN Cracow Gauhati U, Guwahati U & INFN Pavia TU Warsaw

GS| Darmstadt 1T Guwahati IHEP Protvino

http://www-panda.gsi.de
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Thank you for your attention




BACK-UP

Béatrice Ramstein
“”’Electromagnetic processes with PANDA"
GDR meeting, Saclay, 26-11-2013
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Cross section comp

Gl —pp) (nb)
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(]
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02pb ¢
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arison

Belle Yy — pp

complete diquark

- - -~ diquark. only helicity
conserved amplitudes

—=—- Lhree-quark

| = Belle
o CLEO
- O VENUS

Fermilab |pp — »v

PANDA (PP =Y

/E?ét} feed down Hmi:\
from mtt and my
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‘\\I

Panda limits:
W=+vs = 5.5 GeV
and o = 0.2 pb

1||r:|'r'.l._r.,. (GeV)

(for 100 ev/month
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HESR

Cooling: electron/stochastic

Highresol. mode: L= 107 cm?Zs” op/p ~ 107
High lum. mode: L= 2:10%cm?s" dplp <10

Electron
cooler
E<8 GeV

Characteristics

P =15GeV/c

L. =2-10%cm?

@ <100 um
op/p < 10°%

internal target

S'1 a

tar Injection

Béatrice Ramstein
“”’Electromagnetic processes with PANDA"
GDR meeting, Saclay, 26-11-2013
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Facility for Antiproton and lon Research FJ|R

Atomic, applied and
plasma physics
ions, antiprotons

I Nuclear matter
relativistic nuclear
collisions

Hadron physics
antiproton beams

Nuclear structure

and astrophysics
radioactive

ion beams

Civil construction started,
accelerator components ordered
First beams 2018-data taking 2019
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Antiproton beams at FAIR

PANDA
I=== Il 70 MeV SIS 100

p-linac SIS18 29 GeV protons

HESR %, = Rare-Isotope
Production Target

““\@-’w.&_\xé -~ é 4 7

High Energy Storage Ring
antiprotons p=1.5-15 GeV/c
High resolution mode:

L=103' cm= st 6p/p=10-°
High luminosity mode:

=2 1032 cm?s?t 6p/p=10+
Start version:
no RESR: [=2 10°° cm? s

*" Anti-Proton Cu target
Production Target ()7 b /s
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e i,r/f ' !
- o § ;4(’.,/ Cryring F IR
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Experimental situation in Time-Like region: G«

Recent review A. Denig and M. Salme arXiv:1210.4689[hep-ex]

3
4
-

T T T1_1

Otot —
i R

1

-1 eﬂ#‘ 2 2
10 y , 276, | +|e.]
eff = T 2

27 +1 4 M

G

Xop 4200
o)
M
w

T II'IIII]
-

T

Proton effective form factor

[ ]

10

Illlll

Y
>\ \LE

- 3 4 a2 (GeV/c?)? A <o p

M _ (GeV/cH)
PP
“’/_/ 0 >4 p

* most recent results from BABAR Phys.Rev. D87 (2013) 092¢ =~ - —— - |
* on-going analysis at BESIII : better precision than BABAR BABAR s=10.57 GeV/c
expected for g2< 9 (GeV/c)? BES \'s=3.773 GeV/c
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Experimental situation in Time-Like region : |G./G,,]

angular distributions: pp — e*e-

do = wa | (1+cos’ @ ) intg |
d(cos 6, ) 8Mp271/r(r—1)|- . ™ |

DE ) e BABAR - BABAR Phys:Rev. D87 (2013) 092005
S.u I o PS170 | PS170: Bardin et al.,NPB 411,3, (1994)

v'BABAR results incompatible with

] old PS170/LEAR measurements

)i O S — v'Improvements expected from BES at
- 1 9%2<9 ( GeV/c)?

- - v'Need for precise measurements at
large g?

I
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I5 6 7 3 19
2

5 25 275 _302(GeV/c2)?
M 5 (GeV/c™)
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