Recent results from HADES
and projections for PANDA

Baryon electromagnetic structure studies in the
Time-Like region with HADES and PANDA.

B. Ramstein, IPN Orsay
Clermont-Ferrand, 25/01/2013
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‘Motivations of the HADES experiment H5s=

Exploring the phase diagram of E/A=1-2 AGeV
hadronic matter..... 0 plp, ~ 1-3, T <100 MeV
Q N /A= 10%

SI1S-100 @ ..... using dilepton emission:
SIS-300 rare but undistorted probe
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In-medium vector meson modifications:
see e.g. Leupold ,Metag,Mosel Int. J. of Mod. Phys. E19 (2010) 147 for a recent review

Chiral Symetry Restoration

— Modifications of hadron masses ? _
Brown-Rho PRL66(1991) 2720 Brown-Rho scaling m*=m,/(1- 0.2p/p,)

Hatsuda and Lee PRC46 (1992) 34

Link to chiral symetry restoration
Connexion of vector meson spectral

« In-medium broadening »

function to quark condensates
via QCD sum rules

TC/’—"‘\
——4 A(1232)g—— +

vacuum
Pn=0-5pq
— Pn=1-0py
P

N-1
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In-medium spectral function

Rapp and Wambach EPJA 6 (1999) 415 )
bp (1999) depends on p NN* coupling

Rapp, Chanfray and Wambach NPA 617, (1997) 472




The p meson in hot and dense hadronic matter

from SIS18 to SPS

Dilepton excess over long—lived sources

G. Agakishiev et al. Phys.Rev. C84 (2011) 014902

Arnaldi et al., PRL 100,022302 (2008)
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Source of P mesons at 1-2 AGeV

NN —->NR —-NNp

TN >R —>Np v N
\
Depends on

RNp coupling "

0.2
Dominant source of p
mesons at ultra relativistic
P energies
T —p
S
\

Coupling of p to baryonic resonances can be studied in NN collisions at 1-2 GeV




Relation to electromagnetic
structure of baryons

Dalitz decay of baryonic resonances p meson production and decay
R—>Ne*e"

R b e pnp ¥

electromagnetic
elastic or transition
form factors

Vector Meson Dominance Model \

< > <__ Coupling constants >

02=M2, (e*e)=M?,. >0
g2 20 :« Time like « region
electromagnetic form factors are unknown !

Clermont-Ferrand, 5 R _
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Barvonic transition electromaonetic form factors in space-
y g P

Like region

Baryonic electromagnetic form factors

are measured for qZSO

Magnetic form facto for Data: Mainz, Jlab
y*p ﬁA(1232) 1.G. Aznauryan,V.D. Burkert Prog. Part. Nucl. Ph}'s. 67,1 (2012)
Data from exclusive T production Helicity amplitudes for Y*p %N(l520) D13 compared to quark models
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No measurement at q2 > 0 —> use models fitted on space like data
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Models for N-A magnetic transition form factor

in Time-Like region
Wan & lachello, int. J. Mod. Phys. A20(2005) 1846

Emilie Moriniere PHD, Orsay
F. Dorhmann et al , EPJA 45,401(2001)

N-A ]
B V=p,o,0 Gy /3G6p Space-like Time-like
v derivation of form factor s NA R
. . o oL G M(q )
starting from wave functions 5 PDG Photan .
v’ analytical continuation to ; _
Time-Like region | H ] N
— to be tested with HADES S~ ] e

Q*(Gevic)

Extension to Time-Like region
v’ exists for elastic nucleon Coupling to the bare

k
form factors quarks

!
: i
L p , i
( to be measured with PANDA) \; N .
g _
2

Time Like

— W =1.232 GeV
- W = 1.500 GeV i
=== W =1.800GeV

In progress for higher resonances

B. Ramstein Coupling to the /
K meson cloud 0—




Hades « strategy »

v Study dilepton emission in dense and hot matter (cf. DLS/Berkeley)
A+A reactions in the 1-2 AGeV energy range
C+C, Ar+KClI, Au+Au (2012), Ag+Ag(2013?)
v cold matter at normal nuclear density p+Nb 3.5 GeV
(cf KEK, Jlab, CBELSA/TAPS)
v" Elementary collisions pp, dp and (in future) Tp
. reference to heavy-ion spectra
. understand dilepton production mechanism (exclusive channels)
« dilepton emission is probing time-like electromagnetic structure of hadronic transitions!
v" Simultaneous measurements of hadronic channels (pp ->NN=, pp =>NNnr)
Cross-checks on known channels, detailed information on baryonic resonance production
v ....strangeness measurement program: K-, K°¢, 2(1385), A(1405)
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Shower

Acceptance: Full azimuth, polar angles 18° - 85°
Pair acceptance =~ 0.35

Particle identification:
RICH, Tirmimikel
chambers & ¢

v'"New DAQ ~20 kHz
Trigger: v new MDCs for plane 1

Momentum measurement
Magnet: |Bdl =0.1- 0.34 Tm
MDC: 24 Mini Drift Chambers
Leptons: Ax~ 140 p per cell, Ap/p ~1-2 %
AM/M ~ 2% at o peak

HADES

2"d generation dilepton
spectrometer

Side View

TOF

Pre-Shower




IPN contribution

ORSAY
French group:

G. Roche ( Clermont-Ferrand)

IPN Orsay:

Jean-Louis Boyard (retired 2008)
Jean-Claude Jourdain (retired 2001)
Thierry Hennino

Malgorzata Gumberidze (post-doc)
Hubert Kuc (PhD 2010-2013)
Tingting Liu (PhD 2010) o e A
Emilie Moriniére (PhD 2008) e i
Béatrice Ramstein )
Michele Roy-Stephan (retired 2006)
...+Jacques Van de Wiele (phenomenology)

MDC lll

R&D détecteurs,

B. Genolini, M. Imre, J.P. Le Normand,
A. Maroni, T. Nguyen Trung,

J. Pouthas, V. Poux, P. Rosier

C. Théneau,

4th plane of 6 drift chambers
drift cell (14x10 mm?)
active area 3.5 m?




Analysis steps . one example

Forward Wall (np selection):
1. Mult>0
2. search for particle with
1.6 GeV<p <26 GeV

(e*,e) pair cuts:
1. track and ring quality
2. Identification
3. background rejection cuts
4. opening angle > 9°.
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Combinatorial background:
like sign pairs

0.8 1
M, [GeV/c?]

efficiency corrections:

normalisation by elastic scattering measurement
(syst.error ~ 11 %)

Clermont-Ferrand,
25/01/2013 B. Ramstein 13



HADES measurements in pp E=1.25 GeV, 2.2 GeV ,3.5 GeV

HADES EPJA 48 (2012)7dbev

j’|£§-]"891CI‘11

PP — PPN

L1 | 111 1
45
Js [GeV]

Clermont-Ferrand, 25/01/2013

Inclusive dilepton production
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Dominance of pp—NA below 2 GeV
n and higher resonances above 2 GeV
p/o production at 3.5 GeV
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Dilepton production in pp reaction at 1.25 GeV
ORSAY

HADES: Phys. Lett.B690 (2010)118 " below n threshold
10 = only 2 dilepton sources

p+p 1.25GCeV QO r° Dalitz decay o =4.5 mb

branching ratio n° — ye*e- 1.2 %

. [ub/GeV/cY

—
Q

O A Dalitz decay :
branching ratio A — Ne*e- (QED :4.2 107)

O non resonant contribution expected to be
small

06 038 1 Time-like N- A transition electromagnetic
"M, [GeV/c?] form factors

Resonance model results:

nt° Dalitz
A Dalitz + effect of lachello FF

G 02 04 06 08 1
R(GeVic)?

Wan and lachello Int. J Mod. Phys. A20 (2005) 1846
G. Ramalho and T. Pena arxiv: 1205.2575v1 (2012)

Béatrice Ramstein



Exclusive analysis . pp—ppe*e at 1.25 GeV
using pe*e  events

Good agreement with In HADES acceptance acceptance corrected

simulation of T p— | e S
) ] M, >0.15 SIGNAL: 192, CB: 14
A production + Dalitz deca 5 H I omeer 3 15 \ A

Dalitz decay branching ratio in agreement with QED value
(4.2 10 )
—

©

\M,E,E ) Hivalldi Il 1HddS (BEV/LT) LUD\VU ™ paye.)

Helicity distributions y* — e*e-
do/dQ.~ 1+cos?a

preliminary */

FIT=1+A . cos’s
A=0,91+0.27

-~ & " W. Przygoda’s analysis
/ Cracow

0-'1 -08-06-04-02 0 02 04 06 08..1

Clermont-Ferrand,

25/01/2013 B. Ramstein 16




iIsospin effects in dilepton production ?

—> Comparison of pp and quasi-free pn reactions

(from dp experiments)

Forward Wall

deuteron Xi\ spectator proton I

beam / //

/// /m ( O.5°—J")

17



. pn decay
1° Dalitz decay
Total QM (NEFF)
Total QM (FF2)
Sum

do/dM [ub/(GeVic)]

alf-off-shell electromagnetic nucleon@

e sensitivity to hadronic electromagnetic structure
* much better agreement with data with = em

form factor ! _
On-going analysis:

» pionic channels
» exclusive pn—pne*e

do/dM [ub/(GeVic™)]

.. s o "o --.. 4
with T em
. AN
R. Shyam & U.Mosel, PRC82 (2010) 062201 - 0.1. 02 03 04 05 06 07 08
M (GeV/c’

Clermont-Ferrand,
25/01/2013 B. Ramstein 18



pp—oe‘e X E=2.2 GeV,3.5 GeV

Comparison to cocktail of dilepton sources
*Direct production of p/w
Dalitz decay of A resonance (point-like)

data
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Hades collab., IVIEE[GEWGE] 10" ~"62 04] 06 03 1 _1.2
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Effect of electromagnetic form factors / Coupling of p to baryonic resonances ?

Clermont-Ferrand,

25/01/2013 B. Ramstein 19




Exclusive pp—ppe*e channel at 3.5 GeV

v" Cross sections and angular distributions for baryonic resonances from hadronic
channel analysis

v" Direct production of p,n,® with cross sections from hadronic analysis

(of n/o »n+nn’) and o= 1/20,

v' Constant form factors ( taken at g?=0) M. Zetenyi and G. Wolf Heavy lon Phys. 17 (2003)

ppe+ e- ¥

= Experiment e Experiment
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iny inv

Additional information from exclusive channels
Missing yield related to light baryonic resonances (N(1520) ,..)
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Transport model calculations for inclusive e*e  production in pp

“ electromagnetic form factor approach”:

daidm, [ub/GeV]
&

data ——

GiBUU total ——
p—ee

w—ee ~or

PNR couplings r-<<

0

Courtesy qf]anus Weil

0.2

0.4 0.6 0.8 1
dilepton mass m,,, [GeV]

Hades data, Eur.Phys. J. A48 (2012) 64
N-A Form Factor: G.Ramalho andT. Pena Phys. ReV. D85,113014 (2012)

QI

“p production approach”:

107 |

Ll 1520) — all Hes. —
Sq911535) — ia — [+
54111650} —— Sgqi1820) — |7
+ Figl1680) Do5(1700) - |1
#|P1al1720) —— Fseli905) - |1

level

Tt beam experiment

v'Same origin as in-medium effects
( Coupling to baryom'c resonances)
v Iarge uncertainties: production

cross sections of baryonic resonances, PNN* couplings

v’ p mass distribution strongly modified at the production

N*/A

P /P
7
N—)
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JWeil, H. van Hees and U. Mosel, EPJA 48, 111 (2012)

1

/




production in all systems

Towards a consistent description of dilepton

! +C, LOA GeV +C, 204GV | , -
10 C+C, LOAGeV — — C+C 204GV R — 10 AT+KCL 176 A GeV
no medium effects HSD: 3 i no medium effects hsD: .
3 Lk ] 10" o . no medium effects HSD:
10 o' Daliz 3 — — = Daliz * Dl
E| - . 3 [
3 Sy bz 3 o HADES  _TT1oue 10 ~piic
ot rivith _\'[li’ﬂg «=XDalitz ] "y =-==ADali — !
= AL p wigh (1 }\‘---- ADaliz 3 5 E ---- wDalitz I —---ADalitz
3 y o)t 1 = E. o 2 W0 L] - ----oDiliz ]
= 10 . 2 G 5 . ; 10 3 |‘."‘=~‘_& ...... - ¢ q[‘; ] ®
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AR 104 ! ! : | i . E
10° * \ 3 :l 1 A i | ' ]
o0 02 04 06 08 0.0 0.2 04 0.6 08 10 w* L Pvam
: - : 0.0 0.2 0.4 0.6 0.8 1.0
P+ND, 3.5 GeV HSD L Au+An, 1.25 A GeV, min. bias, 4%
]00 3 I no medium effects I = =" Dalitz E : collisional broadening HSD E. Bratkovska)/a et (1].
- _ [
% =
< -
- s
- =
= Z
[ e
= %
0.0 02 0.4 0.6 0.8 1.0 12 0.0 0.2 0.4 0.6 0.8 10
MGV AL [GeVic')

v pp also rather well described, problem remains with pn data
v/'Still contradictory predictions (UrQMD)

effects) and are very efficient in putting constraints to models

v'modifications of spectral functions are small at SIS energies (except AutAu ?)

v'But HADES data are useful to study the pN(N*/A) couplings (which are crucial for medium

/



http://arxiv.org/abs/arXiv:1301.0786�
http://arxiv.org/abs/arXiv:1301.0786�

Perspectives of pion beam experiments

Clermont-Ferrand, 25/01/2013 B. Ramstein 23



Future HADES experiments with the GSI pion beam R

pion momentum 0.6 < p <1.5 GeV/c
I1~10%s

1 [| L \IS >
& TP "~ T1.52 1/3 ' =
xp—-X
measurements with HADES of e*e-, of
o, Kf inp and wA reactions
in the region of baryonic resonances with R
=]
mass between 1.4 and 2.0 GeV/c2
ar toal
""" resonance contributions
------- an N background | ..
l:,l).'fJ' I 0!5 1 le 1.i5 2.0
_rl p, [GeV] W
(not to scale!)
dispersive plane Y3 \'eto Y.X
(momentum measurement) % '/\
gior'l:_ . . \L |:| |:|
production | N7 -Test in fall 2013
C+Beff\+x‘ ( - Experiment April 2014
. oL
additional quadrupole
@ B. Ramstein

Clermont-Ferrand, 25/01/2013




Motivations of N experiments with HADES:
Dilepton channels

= well-known production mechanism
= fixed resonance mass Mg=sqrt(s)
= exclusive © - p — ne*fe channels (n contribution can be rejected )

Time-Like electromagnetic form factors Space-Like electromagnetic form factors
T \ R n
%> 0 —

variable

Inverse pion electrop

P studied at JLab/CLAS

\ :
R ,Y* ot Vector Dominance Model
— plo coupling N(1520)
ps &9 : P
More direct access to Time-Like em N *
transition form factors than in pp i

Clermont-Ferrand, 25/01/2013 B. Ramstein 25



Predictions for mp—e*en below w threshold

Calculations based on hadronic couplings 010 do,, .. g, /dM" ats™=1.55GeV I
M. Lutz, B. Friman, M. Soyeur, NPA 713 (2003) 9 = 005 proeuibution . Vs
Titov and Kampfer EPJA 12 (2001) 217 S
£ 0.00 7 S
=] _,.-"-J
Important interference effects expected = 005 4 ;
between I=0 (w) and I=1 (p) channels . “ ‘m”mh“mnl p-m-inté;ference
'1%.4 0.5 0.6
m_.  [GeV]
Very new calculation based on VDM transition form
factors by Zetenyi andWolf arXiv:1208.567.v1 [nucl-
th]
Access to unexplored
Time-Like electromagnetic
Feasibility study - H. Kuc’s PhD Orsay/ Cracow g,
structure of baryonic
Simulation of TF-p—se*e"X o Mee>140MeV ﬂﬂ'ﬂmr X ensay transitions/ off-shell p
X=n+an

Selection of TI’P—€*e™n
By missing mass

production

Clermont-Ferrand, 25/01/2013
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nN—nN: present status

v All what we know about N*

couplings to pN, AT, oN is due to

Manley, Arndt, Goradia, Teplitz PRD 30
(1984) 904.

based on the analysis of 240000

001y |1'.1|1'_21 13 14 15 16 17 18 19 2 21 events (bubble chamber < 1980)
sqrt(s) (GeV)

G (mb)

0.1

i
T IIIIIII| T IIIIIIII T IIIIIII| T TTT

v Complete existing very precise photoproduction data
v’ Improve knowledge of baryonic resonances, My, I'(N*—>N1r), T(N*—>NTT)

v Dynamical models are now available — a new combined PWA analysis of all pion and
photoproduction channels will be possible.

v’ Important for baryonic structure issues (Constituent Quark Models, Lattice QCD)

@ B. Ramstein Clermont-Ferrand, 25/01/2013 j




Some open issues for TIN—DTITIN and TIN—TIN measurements

N(1520) D,; state

Manley et al. strong N(1520)—27
BR(pN)~20%

Coupled channel Giessen / Man]e)/

F —  Nelanley M{1SHI) - phd
F — P B 15500 —= pi

g 10 :_ Vo N peR X E
= 1 } II %’%I [
© ]

Ennnr A e . T

T 11131314 1516 1.7 18 19 2 11
sqri(s) (GeV)

v Important coupled channel effects

v With BR(pN)~20%, cross sections

are not reproduced

v need for differential cross sections

v Important for medium effects

p N(1520) |

®

N(1440) P,

Branching ratios to TTA and (Tt ), N need to
be checked

N(1710) P,,

v’ Existence contradictory
v Not seen in the latest PWA analysis
v’ BR(27) =40 to 90 % (PDG 2010)

Clermont-Ferrand, 25/01/2013




Time-Like nucleon Form Factors at
PANDA

... and other electromagnetic channels

IPN Orsay: T. Hennino, R.Kunne, D. Marchand, S. Ong, B. Ramstein,
E. Tomasi-Gustafsson (CEA/IRFU), J. Van de Wiele
A. Dbeyssi (PhD), B. Ma (PhD) + post-doc (2013)
+ service R&D detecteurs

Collaboration with H. Fonvieille (Clermont-Ferrand)

AS



The FAIR facility

Facility for Antiproton

and lon Research

® Hadron Structure and Dynamics

® Nuclear and quark matter

® Super-heavy elements Pee.
®* Nuclear Structure and Astrophysics
e Atomic, Plasma and Material Physics
Radiobiology
verte racke

First experiments 2018 |

p-LINAC
#,

v CBM
 Vioste ) )
| Antiproton ring
SuperFRS High Energy Storage
e ~— Anlpuoon,__ Ring 1.5 —15 GeV/c
Plasma Ir’-'-.vs’-i‘ , ' B L=2x1032cm=2s'!
Alomec "5‘5".5 i
Y ELAR Gp/p =104
@ exisling facii 2X1O7 i nt.S_l
@ rew faciity
D experiments

Bl i v g Mijoh Range

'{-__,‘- SwElam Tl III.-' Syshpami

Forwiard L LI nic sty
E 5 L [ o]

/ D\

v'"Meson spectroscopy

D mesons, charmonium
v'Glueballs, hybrids,...
Charmed and multi-strange
baryon spectroscopy
v hypernuclei (5=2)
v' Hadrons in nuclear matter
v Proton structure

30/




PANDA Barrel EMC
e Barrel calorimeter: Barrel Electromagnetic
Calorimeter

1 slice=
1/16 barrel
=720 crystals

11520 crystals in 16 slices
cooled to -25°C

e |PN Orsay: Mechanical structure design and cooling
v’ Prototype of 60 crystals already tested

v Proto120 (120 crystals) to be tested in 2013
( cosmics, y beams at MAMI) i

31



Time-Like and Space-Like electromagnetic form

factors

Space-like SL Constraints:
Time-like TL . ot
ime-like * G,"(0)=u,

* GgP(4m ?)= G,P(4m ?)

Real FFs t Complex FFs

e+p — etp 0 | 3.52(GeV/c) E'FP > ef+e q2

hysical region
+p 2> et+e + X

p

v Much less data in Time-Like region

v Form factors in both regions are linked (dispersion relations)
v’ Values should be the same at high g2 (analyticity) and should
follow pQCD behaviour |G \,(a?)| ~ (g?)2

Clermont-Ferrand, 25/01/2013 B. Ramstein 32



Time-Like Form Factor measurement with PANDA :

precision estimates

Feasibility study at IPNO: M. Sudol et al. EPJIA 44 (2010) 373

S T T R R L=2 fb-l oc 3: ff
G ] e Babar | ¥ s BaBar
1 o Fenice [ r / = LEAR
eff 1%, sl b 23t + FENICE
R lem L i e E835
10 u?r_ O DM2 E
: ’%ﬂ ] - gaoA | BN PANDA
I :,%%;; I 1 PANDA S | { ______________________ -
107° o ; —.— E - 4 T
H.H' a / .x
)
|
40 15 20 25 30 . l1|21 =T

~10% ~23% ~50% a2 [(GeV/c)]

PANDA will bring
Precise determination of |G¢|and |G| up to 14 (GeV/c)?
G4 Up to 30 (GeV/c)? : transition towards perturbative QCD

Feasibility studies for form factor in the unphysical region (q2<4mp2)

v in pp—eten® (J. Boucher, PhD 2011)
vIn pd —ne*e (H. Fonvieille and V.A. Karmanov EPJA42 (2009) 287-298)




Conclusion:

1 Elementary reaction program

® reference for medium effects
® Time-like electromagnetic structure of baryonic resonances/coupling to vector

mesons
connection with PANDA !

1 perspectives of pion beam experiments (- oct. 2013)

* Dilepton channels in tN— unique chance to study Time-Like electromagnetic
structure of higher lying resonances (complementary to pion electroproduction)

* One pion, Two pion and kaon production:new data highly needed for Partial
wave Analysis — baryonic resonance properties

GSl pion beam is unique in world at present to provide the missing data

1 Before HADES moves to FAIR .. and IPN HADES team moves to PANDA
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