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e The PANDA@FAIR project

* Electromagnetic channels with PANDA
— pp — e*e” at PANDA: proton time-like
electromagnetic form factors

— pp — m’e*e reaction: time-like electromagnetic
form factors in the unphysical region

— Transition Distribution Amplitudes and other
measurements

e Conclusion and outlook
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The FAIR facility (2)
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PANDA physics program

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

Gatchina, 9 July 2012
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The PANDA experimental set-up

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

‘Muon chambersp.. /

’__,r-__,_‘_—':-::_/—

DIRC —f— - |
n/K/p == | | ToF
> 1 GeV/c g | | n/K/p

3 R T | < 2.8 GeV/c

‘ . RHIC

GEM trackers Drift chambers —_ n/K/p
Ap/p=. 2% >2.8 GeV/c
= X




PANDA Barrel EMC

* Barrel calorimeter: 11000 PbWO4 crystals
 Mechanical structure: carbon alveoles + Al

inserts @
1 slice=

1/16 barrel
=720 crystals
=720 kg g

* Proto60
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The PANDA Collaboration

At present a group of 500 physicists
from 53 institutions of 16 countries

Austria — Belaruz - China - France - Germany -India - Italy - Netherlands
Poland - Romania - Russia - Spain - Sweden - Switzerland - U.K. - U.S.A..

Basel, Beijing, Bochum, IIT Bombay, Bonn, Brescia,
IFIN Bucharest, Catania, Chicago, Cracow,
IFJ PAN Cracow, Cracow UT, Dresden, Edinburg, Erlangen,
Ferrara, Frankfurt, Genova, Giessen, Glasgow, GSI,

FZ Julich, JINR Dubna, Katowice, KVI Groningen, Lanzhou,
LNF, Lund, Mainz, Minsk, ITEP Moscow, MPEI Moscow,
TU Munchen, Munster, Northwestern, BINP Novosibirsk,
IPN Orsay, Pavia, Piemonte_Orientale, IHEP Protvino,
PNPI St. Petersburg, KTH Stockholm, Stockholm, U Torino,
INFN Torino, Torino Politecnico, Trieste, TSL Uppsala,
Tubingen, Uppsala, Valencia, SINS Warsaw, TU Warsaw,
SMI Wien

http://www.gsi.de/panda
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Time-Like and Space-Like electromagnetic form

factors (1)

Space-like SL Constraints:

: o TL * GP(0)=1
. Tlme-//ke + GP(0)=,
X AN * Gg(4m 2)= G,P(4m 2)
<+
/p R g,;: P Asymptotics

° |G 2\ | ~ 2\-2
Real FFs Complex FFs |Gemla)] ~ (@)

e+p — e+p 0 | 3.52(Gev/c) ,t_9+p < ette qz

e« lim G.,(a°)= lim G, (a°) (Phragmén-Lindelhoftheorem)

q —> —x© q — +x©

* Imaginary part of Time-Like form factors vanishes for g?>—+o



Time-Like and Space-Like electromagnetic

form factors (2)
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Spacelike

From S. Pacetti, arXiv:1012.1232v1
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angular distributions: pp — e*e-
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v |Ge/Gy :

= |[nconsistent data above threshold

= L ack of precise data above 5 (GeV/c)?

B. Ramstein (IPN Orsay)

() v G : large error bars above 13 (GeV/c)?
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Goal of PANDA measurements
Extract Time-Like |G| and |G,,| for proton up to 14 (GeV/c)?

from lepton angular distributions in pp —e*e- reaction
and measure G, up to 30 (GeV/c)?

Two major challenges:

v' Decrease of sensitivity to G
with increasing g2

v'"Huge hadronic background
c (pp =»n*n) / o (pp —>ete’) ~106

Gatchina, 9 July 2012 B. Ramstein (IPN Orsay)
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Counting rate and sensitivity to |Gg|
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Hadronic background rejection for pp — ete-

pion production

n ® 22
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Background rejection takes advantage of :
* Hermiticity of the detector

e Particle Identification

* Kinematical constraints

Most problematic background is pp— r'rc

107

10

A. Dbeyssi PhD, Orsay
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Full scale GEANT simulations

for pp »e*e- and pp— T background
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parametrization of CERN data for p p - n*n
s < 6 (GeV/c)?: Legendre polynomial fits

s> 6 (GeV/c)? :

counting rules (Ong et Van de Wiele, IPNO-DR-08-01)
or Regge trajectories (idem, EPJIA46 (2010) 291).

92 = 8.21 (GeVic)?

2.4 10°¢

- o(mm)/o(ere)

i ?

B. Ramstein (IPN Orsay)

New measurements
ofpp > n'n
will be provided by

PANDA

(also important for
pQCD mechanism
studies)
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Rejection of pp —» wtw S T—
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1) Use complementarity of e/n discrimination

capability of the different detectors 5 — s
102

2) Use the different kinematical constraints
of pp —» e*e  and pp — w*n reactions o
Electron momentum resolution (bremstrahlung )
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Number of counts

pp —e*e signal reconstruction

Sudol et al. EPJA 44 (2010) 373
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» Background suppression factor is at
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least of the order of 10°

» Taking into account PID & kinematic fit
contamination <<1%

Gatchina, 9 July 2012

-3

B. Ramstein (IPN Orsay)

™
contamination

0.004 %

- contamination < 0.1 %

0.061 %
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Time-Like Form Factor measurement with PANDA :

precision estimates

—5 fh-1
L=2fb Courtesy of S. Pacetti

Sudol et al. EPJA 44 (2010) 373 E. Tomasi-Gustafsson and M.P. Rekalo, PLB504,291
E. Tomasi-Gustafsson, arXlv:0907.4442

G III&E@' - |@f|[ﬂmum
eff | SEa T - PANDA
107 3 . 5B | =
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] ! ) i e ¥
I k" : | HES
1074 JHH w = * BaBaR
E ]l E s
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l [ ] l“‘
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FI{GeV/cY] :mmsm
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pPQCD ? L, 2

[ Phragmen-Lindel6f theorem ? ] ¢ @hH= im & (?

q- - —© q2—>+oo
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Time-Like Form Factor measurement with PANDA :

L=2fb1
Sudol et al. EPJA 44 (2010) 373

precision estimates

Geff i ¢ o
10" _E | o E:‘ﬂio E
ﬁ : I PANDA |
ol i [T I
10’2*, Jl—n—c } L
BES | P

/' 1 .

10°% 4 .‘,....,...,‘..,..|..—
5 10 15 25 30

FH{GeV/icy]

<1% ~1o/0//(2(3% ~50%

pQCD ?

Gatchina, 9 July 2012

-VDM: F. lachello et al., PLB43, 171 (1973)
...extended VDM, PRC66, 045501 (2002)
Egle Tomasi-Gustafsson et al., EPJA24 (2005) 41¢

oc 3
C 4 BaBar
- = LEAR
2.5; « FENICE

¢ E835

PANDA will bring

1 Il 1‘2 Il 1
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L
14

\\

PANDA

Precise determination of |G¢jand | G,,| up to 14 (GeV/c)?
G+ Up to 30 (GeV/c)? : transition towards perturbative QCD

B. Ramstein (IPN Orsay)
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2y contributions and radiative corrections

150 F 1 7 7 5T

\
Important role of 2y
= He0 . | exchange and
< radiative corrections
(e R BT . .
:f s pet 5 I Polarization
m o ?“% measurements s 1( do_, dcr) No C-odd terms
= ones, Punju o ‘\... ___-"'-—h______ = = . .
000 ———— R 2 \d{de+  df2e- contribution
O gen | — T dor do do do C-odd terms
-0.50 : : : : : A = — +
00 20 40 B0 B0 10,0 12,0 d€l.+ d)- dQ.s  dQ,.- contribution
Q% (GeV?)

« Advantage of annihilation reactions pp <> e*e-
The e* and e angular distributions are measured in the same experiment

« PANDA measurements are sensitive to odd cos 0 terms
do/dcosO, ~ A (1+ b cos0,sin? 6, + ¢ cos?0,+..) with b=5% or more
(M. Sudol et al EPJA 44(2010) 373)

Gatchina, 9 July 2012 B. Ramstein (IPN Orsay) 20



2y contributions in pp — e*e-

 Model independent properties on cross sections and polarization
observables : G. Gakh and E. Tomasi-Gustafsson NPA761(2005)120.

2y contributions at large g2 in a factorization approach
J. Guttmann, N. Kivel, M, Vanderhaeghen PRD83 (2011) 094021

Distribution
Amplitudes

 resonant contribution:

H.-Q . Zhou and B.S. Zou

Gatchina, 9 July 2012

see E. Tomasi-Gustafsson’s talk

see N. Kivel’s talk

2
521’ x 11

.arXiv:1112.4615v2

B. Ramstein (IPN Orsay)

0.8
06 |

o0z |
04|
08 |
]| S—

g°=6 GeV?, DA model: COZ

IlGIE|I= iGIMLI G:M |= bh:'

impr. log-fit - --- 7]
[JL fit ----eeen
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radiative corrections for |_op — e'e

IPN Orsay et al. contributions: A. Ahmadov et al., Phys.Rev.D82:094016,2010

J. Van de Wiele and S. Ong, arXiv:1202.1114v1 [nucl-th]

Small contribution of box terms =

0.35

%es | € angular distribution

(W) ﬂ

[\
SIS
Tl e e

G 8~-15%
E } for E

0.125 f FUII CaICUIat|On

0.1 L

Important effect of interference A *Eh arge asymm e-tl ryj
between proton and lepton radiation

L L L L L L L L L ]
-1 -0.8 —0.6 —0.4 —0. - .. .4 X R 1 7.
0.8 —0.6 -0 0.2 0o 02 O 0.6 0.8 _lj‘?c-j

Gatchina, 9 July 2012

A do do do do —.05
- \aa0, " a0 a0, o, anl

=100 MeV

—— T T T

} angle dependent effect

Final state radiation only

J. Van de Wiele ans S. Ong, arXiv:1202.1114v1 [nucl-th]

Event generators with photon emission for PANDA experiments

cosd

=08 08 -04 0.2 -0 07 04 05 O8 1


http://arxiv.org/abs/1202.1114v1
http://arxiv.org/abs/1202.1114v1

Time-Like form factors in the unphysical region (1)

Dispersion relations

am2Ilm G(s)ds |.= Im G(s)ds |

ol ML

| /

— e+ e-110

nphysical region

FFs real FFs complex

; 4m 2 q2

p
Vector meson poles: g =m?, m?, m4,
— Vector Meson Dominance (VMD)
form factor models can be tested

Gatchina, 9 July 2012 B. Ramstein (IPN Orsay) 23



Form factors in the unphysical region (2)

Basic idea: reach g2 <4 m,? by giving 4-momentum to another particle (e.g. m°)
M. P. Rekalo, Sov. J. Nucl. Phys., voll, 760 (1965)

_ d5O'OC‘M ‘ZOCL#VHyv(0”0’¢”0’q2’GE(q2)’GM(qz)’ae'we)
p q2 et
< e _ _
D + exch Q 1st calculation of do/dg2for pp — e* e m°
............ 7° | A. Dubnickova et al,. Z.Phys. C70 (1996) 473-482

C. Adamuscin et al., Phys. Rev. C 75, 045205, 2007

U New investigations by J. Van de Wiele and J. Boucher in IPN Orsay to build an
event generator for simulation studies

E 1

10°F

v d5c/ do2d0,4d g, A0 de, ] da}fg‘rFErm"_a‘)bnEmo
v’ constrained on existing data g | _p p v
Armstrong et al.,PRD56,(1997)2509 1%k Vs=3.005 GeV

do/dcosf”

-
o
N

=
=]
I T 1777

O Recent calculation of d°>c/ dg?dé d¢ , d& de,
and polarization observables
G.l. Gakh et al. arXiv:1206.0929

-
1
TT



Count rate predictions for pp —>mlete

Incident energy dependence

lachello VMD form factor model
Phys. Rev. C69, 055204, 2004

— 1
do

0, w and & resonances qq:” T=1GeV
3 T=4GeV
5 ~_ =~ g
\Z B4q T=7GeV
/ / /\\\\ » T=10GeV
10° T=13GeV
Gyl e
R S T R S RT 0 05 1 15 ® e
2(GeV/c2 2(GeV/c2 _ _
L ) e ) rsqe LUMINOSity =2 fb-1
P — ¢ ,\9\2/\< e’ 4000?— T=1GeV
' e 3500~ q2=2.10.25 (GeV/c)?
3000
Pt c° - 25002—
2000E"
at T=1 GeV , g°=2 (GeV/c)? 15002
172000 events for Ag?=0.5 (GeV/c)?, 1000
4000 events for AB_=1° (0,=20°) e T
0 20 40 60 80 100 120 140 160 180
J. Boucher PhD Orsay dec.2011 0, [deg]

3/02/2011

Orsay, PANDA meeting 25



rom hadronic tensors to form factors

p q2 e+
MAVARE e v N
S _ +exch.
7T

5 2 uv q2
d°c o M| o LH, =4e2—(H |+H

+[H33)

— 8e? p:(H lsin 20 _cos 2p_ + 2H ,isin 6_cos &_cos ¢,

22

+|H ] sin 20_sin 2 + H _cos 20 )
J. Boucher PhD Orsay dec. 2011

In the one nucleon exchange model : f
2 2 a2
Huv:aquE‘ +'BquM‘ +7/ﬂVGEHGM‘COS(¢)E_¢M) 3 do/d6
zep O U
For fixed 6,0 and g2, p|
Fit of lepton angular distributions in y* frame EEEER
— R=|GE/Gy| and cos(ee-¢y) 0.. (deq) 0ot (deg)

General result: the angular distribution in 6., and ¢," in y* frame
gives access to 4 H , at fixed 6,0 and g2




sround for pp —>mlete-

Background rejection takes advantage of :

e Hermiticity of the detector

e Particle Identification

* Kinematical constraints )

Most problematic background is pp— m*rrn®

) o ﬁj—"-gm: - o= 1.43% GalVic
D pp — T T T E'IEFD;— 'I"2 Tn-i:l.?Tanw
Calculation for T=1 GeV 3150;_
- -1&1:'_
J. Van de Wiele, IPN Orsay £ ® o] calculations

data | Phys, Rew D
Wol 7, No 3, 1973

Effective lagrangians: 9 graphs in total

- " - .
+ - - - LS
i = l
&+ . - . I e — + e - o
- " - aa
—— ~— - o
" -t ” w Ll I el

(Mumber o

33$$§
|G

- I " " L L I Ll " " I " " -
1.5 2 2.5 3
Effective mass n*n [GeW/c?]

o
G_

at T=1 GeV , g°=0.6 (GeV/c)? oy/c5=3-5.10°
g?=2 (GeV/c)?> ©3/65=3.1093.10" — input for simulations

N.B. PANDA will provide new measurements of pp— rt*ren®

Gatchina, 9 July 2012 B. Ramstein (IPN Orsay) 27



Expected precision on |G¢|/|G,,| and the phase difference

pp—ete O

q2=0.605 *+ 0.005 (GeV/c2)2
q2=2.0 = 0.125 (GeV/c2)2

Lint = 2 fb_l

Signal contamination <1 % at q2=0.6
< 10% at g?=2.0

c

~ 1% precision close to the w resonance
~ 10% precision at g% =2 (GeV/c?)?
~ 20% precision at g*= 4M ? =3.52 (GeV/c?)?

For the first time cos(¢.-d,,) can be
extracted with 10-30% precision

T. Hennino, J. Boucher, IPN Orsay

Gatchina, 9 July 2012

O-cos(&p) /COS(S([)) [%]

B. Ramstein (IPN Orsay)
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Form factor measurement in the

unphysical region: outlook

O The measurement of electromagnetic form factors moduli and
phase difference below 4m?threshold in pp —=mle*e |, following

the one nucleon exchange model is feasible

O However: there are open questions: R R VAVAP e
v off-shell effects on form factor ) l e

v Validity of the nucleon exchange model ,
* role of A exchange
* importance of s-channel terms
E.A. Kuraev et al. arXiv:1012.5720v2 [hep-ph]
— can be checked with pp »>m% measurement at PANDA

Gatchina, 9 July 2012 B. Ramstein (IPN Orsay)
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Another approach for the pp—eten®

reaction : Transition Distribution Amplitudes

Signature: Angular distribution
of the e*/e- in the y* frame
~ (1+ co0s20)

I Hard sub-process : I

Distribution Amplitude
= 3-quark operator
matrix element

<o|uud|p>

g>>>1

Transition Distribution
Amplitude = 3-quark
operator matrix
element

<rt|uud|p>

0,=0°or 6_=180°
‘m’ at rest in p or pbar rest frame
A=(P,/,-P)=0 — 3 TDA

J.P. Lansberg et al, PRC76,111502(2007)

— New window on the sea quarks in proton wave function
complementary to corresponding quantities from CLAS/JLAB

Gatchina, 9 July 2012 B. Ramstein (IPN Orsay) 30



Transition Distribution Amplitudes in

pp—etemreaction : estimates for PANDA

J.P. Lansberg et al, PRC76,111502(2007)

£ 100 © wsce#  T;=0.788 GeV

o 1

2 1[}; \' 1| Estimates for PANDA: ( Mainz/Orsay collaboration
.;; ; M.C. Mora Espi, B. Ma) including acceptance and
_{:L b \ Wene T=35Gev || efficiency
O 3 . L=21fb', AQ2< 1GeV?2

2 o {| > Feasible at s=W2=5 (GeV/c)?> but probably
!; [}.mé e not at W2=10 (GeV/c)?

o i

5 10 15 20
Q? (@eV) (D)

also to be studied
* pp—>J/¥ nl (same TDA’Ss)
» Possible generalization to n and p (more TDAS)

Gatchina, 9 July 2012 B. Ramstein (IPN Orsay) 31



Nucleon structure and pQCD with PANDA

Panda Physics Performance arXiv:0903.3905 [hep-ex]
* More about electromagnetic Time-Like proton form factors

— pp — u'w (collaboration with Torino)
— pd — n e*e” H. Fonvieille and V. Karmanov, EPJA42 (2009)287
— Polarization in pp — e*e” - relative phase of G; and G,,

* Other electromagnetic processes:

— PP =YY, PP — yn° (GDA, Giessen)
— pp = e*et (Transition Distribution Amplitude p—n)
— pp — utp X ( Drell-Yan, Torino/Ferrara)

L

Vdao
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Conclusion and outlook

The PANDA detector at FAIR will allow for a variety of QCD studies, from 2018

O Electromagnetic channel measurements :
e pp = e*e Proton Time-like Form factors :
Gg and G, up to g°=14 (GeV/c)?» Geff up to 30 (GeV/c)?
and pp > m%*e-: access to form factors in the unphysical region

* pp>eten®, pp> IV pp>etep,pp>e‘en (TDA)
* pp =2 yrnY vy General Distribution Amplitudes
complementary to JLAB/CLAS

e pp > pruX Drell-Yann

d Simultaneous measurement of hadronic channels: (n*n, n* = 9,....)
» Dbackground for electromagnetic channels
* Interest for pQCD mechanisms
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Thanks

PANDA/IPN Orsay team: J. Boucher, A. Dbeyssi, M. Gumberidze, T.
Hennino, R. Kunne, T. Liu, B. Ma, D. Marchand, S. Ong,
E. Tomasi-Gustafsson, J. Van de Wiele ‘PN

INSTITUT IJE PHYSIQUE NUCLEAIRE

in collaboration with Mainz/GSI

Thank you for your attention
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From experimental to physical information

Ts=1 GeV ; q2=2.0 + 0.125 (GeV/c?)2; 10°<0,.<30°%
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Hadronic channels

understand the reaction mechanism and the transition towards pQCD

pp — n*n, pp — KK, pp - wtn 7O

O only low quality data exist from CERN
O High statistics expected at PANDA, easy to measure

d pp > tn, pp = ntn n® needed anyway to control the background for proton
form factor measurements N pp — ete- and pp — ete 0 reactions

O theoretical work: J. Van de Wiele and S. Ong EPJA46 (2010) 291: models checked
on existing data to be used as generators for simulations

BPp — KK

P e )

h:r - = 1 Possibility to explore
,.,4\ ~— | up to -t=30 (GeV/c)>?
AN] e With PANDA
m*r \ 1

| 08 -0 -04-DF @ OF 04 065 OB i
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Hadronic tensor extraction: proof of
principle

- Tz=1GeV
*q2=2.0 % 0.125 (GeV/c2)2
i Lint =2 fb-l
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angular distribution valid
whatever the model is

Only statistical errors without acceptance nor efficiency
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