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Study. of electromagnetic proGCeSSEesS
with HADES In pion-nucleon reactions

B. Ramstein, IPN Orsay
Pion Beam Task Force meeting, 31 October 2013




In-medium vector meson modifications:
see e.g. Leupold ,Metag,Mosel Int. J. of Mod. Phys. E19 (2010) 147 for a recent review

« In-medium broadening »

p- meson p m
*_ +

In-medium spectral function

Rapp and Wambach EPJA 6 (1999) 415 . _
Rapp, Chanfray and Wambach NPA 617, (1997) 472 depends on p NN* coupling

main players: N(1520),
N(1720), A (1910)

%




The p meson in hot and dense hadronic matter from

SIS18 to SPS

Excess e*e- yield, Ar+KCI 1.76 GeV/u Acc.-corrected p*p- excess spectrum
FI0E o T ] 10" : . .

=2 i ] MNAGL —— 1

% 104. Ar+ECI1.76 GeViu | [ “[U baryons

O s ull model —— |

- Tizs, ﬁ&

TNGZF P / \ 10!

HAIE

(N PN M d (20 Mev )

In+in 158 GeV/u

Data: EPJC 59 (2009) 607
R.Rapp: NPASO6 (2008) 339
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0 04
Source of p mesons at 1-2 AGeV
NN -NR —NNp
\\ NF [+
o)

Already depends

on RNp coupling )Y \ I”

06 08 l 1.2 1.4
MDY )

Source of p mesons
at ultra relativistic

energies
T —p

Coupling of p to baryonic resonances: plays a crucial role in
can be studied in NN

medium effects
and nN collisions at 1-2 GeV




Relation to electromagnetic
structure of baryons

Dalitz decay of baryonic resonances

R—Nete . p meson production and decay
0P=M2,, (e*€)=M2, >0

e* R pag T

electromagnetic
elastic or transition
form factors

Vector Meson Dominance Model

< > <__ Coupling constants __>

g% >0 : « Time like « region

electromagnetic form factors are unknown !

— use models fitted to Space-Like data g? <0
(electroproduction of baryonic resonances)

Unique way to test the vector dominance model for baryons

(not possible for elastic time-Like nucleon form factors)




Baryonic transition electromagnetic form factors
In space-Like region

Baryonic electromagnetic form factors
are measured for %<0

Magnetic form factor for Data: Mainz, Jlab
y*p—>4(1232) .G. Aznauryan, V.D. Burkert Prog. Part. Nucl. Phys. 67, 1 (2012)
Data from exclusive T production Helicity amplitudes for y*p—N(1520) D,; compared to quark models
<) N—A TRANSITION
TR ER S My = Or = F NEe i
s 7 30 o ¥ T T F et
T e N TS~ a7
‘ = 90 ¢ - = :_ E - ,'_-ff
Vo < L \E:,,/ ;“ME % “ a0 *
i | : A =0 __:"',,_'i t
‘ bare quark core ‘ . o0 = - €0 —
e 1 !- \ B - 0 = - = La e @ 80 | |
= — LA ul IR SR BN TR | | IR S R N R S| — 1y
P(+Qu0T1R _\\ 0 2 4 0 2 4 0 2 4
Q' (G=V) @ GV Q' (GeV)
" Q° (GeV?
No measurement at g2 > 0 — use models fitted on space like data
N.B. Time-Like transition form factors can also be calculated on the lattice

/




Studies of baryonic Time-Like

electromagnetic transitions in pp reactions

pp—ppe‘e 1.25 GeV A resonance Dalitz decay
2.2 and 3.5 GeV higher lying resonances




From proton-proton to pion-nucleon experiments

dilepton emission in pp e
v'sensitivity to the coupling of vector mesons to baryonic
resonances / Time-Like electromagnetic structure o

v'’complementary information in hadronic channels
v" useful constraints for medium effects A

L. p p
Limitations: =©=

v’ uncertainties due to pp interaction N-1
v' many resonances contributing with broad mass distributions
v" small acceptance for exclusive channels

' p—>ne*e” below p/w production threshold
Advantages: interaction better known
fixed mass of the resonancein s channel
much larger acceptance for exclusive channels
electromagnetic mp—=ne‘e
hadronic tp—=pz, nz*zn, pan

(- y




Project of pion beam experiments

pion momentum 0.6 <p <1.5 GeV/c
average pion flux ~4 10°/s

with HADES

Belongs since the very beginning
to the HADES experimental

—total

resonance contributions

--=--- an N background

]
0.5

program

updated 2013 program:
v’ Based on HADES results

v' Limited by constraints of beam time at GSI

|
1.0

p, [GeV]
N

2.0

N
N
A .
- o
-
.
e
T
I | f

« Strangeness production (K*,K-K%,¢) inz+

« T P—>ne‘e” below p/w production
threshold

(rom an energy scanin t'p reactions

* One pion, two pion, one kaon production




Motivations of T p—ne*e- experiments with HADES

“off-shell p production”

. N(1520)
R * p
Y e P/ \.p
0, @, \__/ i
e N-t

Time-Like electromagnetic form factors

In

TC\ R )
o

P variable

verse pion electroproduction

P

Space-Like electromagnetic form factors

[

g2 <0 fixed

studied at JLab/CLAS

np—ne*e below p/w production threshold at ¥s=1.52 GeV/c?

unigue chance

v’ to study the Time-Like electromagnetic structure of N*(1520)
v' to constrain the in-medium modifications of the p meson spectral function




Predictions for n-p—ne‘e-

B. Kaempfer , A Titov , R.Reznik Nucl. Phys.

A721(2003)583

A. Titov, B.Kaempfer EPJA 12(2001)217

TP—>pn

N(i535)

‘,‘
A
/ N
/ 2
Y TR A B
1.6 1.7 1.8
s "2 [Gev]

Coupling constants from quark models
or derived from R—Np/w branching ratios

M..=0.6 GeV/c?

——— N,

B A

=
Ayp” (1232)
Ayp* (1600)
A,z (1620)

= (1700)

total

M.EM. Lutz , B. Friman, M. Soyeur Nuclear Physics A 713

(2003) 97-118

Coupling constants from
hadronic coupled channel model fitted
to yp—p/w p and tp—p/w n data

v overall smaller amplitudes

v D,3(1520) has a larger contribution
v Very large destructrive interference
between 1=0 (o) and I=1 (p) contributions

— T p—>on
o L 7~ N(1535) |
E i Wl T, E
S NS ]
o N’(144N
wl |/ *\&\t N(1680)
ot e i ] N(1675)
1.5 1.7 1.8
s [GeV]
0107 do_ .., /dm" ats"=155GeV
p -cq_ntribution / total
c 0.00
8
2 [/
-0.05} J e 4
o -contribution ' S
p-w-interference
-0.10 1 L 1
0.4 0.5 0.6
m_. [GeV]

/



Electromagnetic form factors approach W

e M. Zetenyi and G. Wolf, Phys.Rev. C86 (2012) 065209
e p productionis embedded in the em form factor

5 5.5
.-U-;_ ,rf r< f AT IvaN f\ Lynp = — —F H ,‘le, ‘ s,
s channel channel
+ Born term

adjustment to pion photoproduction cross sections of + p meson exchange
 signs and strength of RNy couplings (within the range allowed by the
radiative decay widths)

[T 1111
= p—r'n 7 o — i
_ Y . mpone‘e ' | Further studies needed:
. 10 B 1 | YInclusion of w contribution
= 150 [— AN 1 0
sy RSN e I | v'Too large cross sections for
AEARLGEENN = e — { | p production
I:ll:l.1 02 03 04 05 06 OLr 02 09 1 v _ ._ vs:i:z _
e e i | i

1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 1
dilepton mass (M) [GeV/c)]

(- y




Janus Well

Very recent GIBUU calculations
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pions per spil in dp/p<B%

Inputs

for feasibility studies: update 2013

7 . 50% o 7 * measuredin 2005:
’j: e — 2.7 10%° w'/ion at 1.17 GeV/c in front
d Tl Tl ] of the RICH

ool AP07-2Gevie i e — max: 6.5 10° N, ions=0.5 xSCL
$W=1-48'2-15 SEY > - — 4s extraction time
i i el — 4.510° ww/sin spill

B oo nce - — 2.310° n/sin average

oS 1 1.5 =2 2.5

Pion momentumrm [Gew <]

e Expectedin 2013 :
e primary beam intensity: 2 10'° N, ions/spill (measured by FOPI, 0.6 xSCL)

— lower limit of pions at the exit of Q9: 2.2 10° 7/spill  (using the measurement in scintillator
hodoscope)

Extraction time 2s, total spill length 4s (chosen to reduce dead time and load on the detectors)
Fraction of beam after Q9 inside the 6mm LH2 target radius: 2/3, see Thierry’s simulations
— 1.5 10° /s in spill 3.7 10° /s in average

Estimates for the 5 cm long LH2 target at 1.1 GeV/c, 80% data taking efficiency,
30% dead time

in 41, 100 % efficiency
N/ hour ~ 150 000 o (mb) N/week ~ 25 x o (nb)




EXxisting simulations

*home made” resonance model
Madeleine Soyeur’s model




Baryon resonance cross sections

Baryon resonance cross sections calculated like in

* S.Teisetal Z Phys A 356, 421435 (1997)

- Total cross section to form resonance in N
T0F E
: . . 60 - i
cross section calculated via the Breit- I
Wigner formula: S0 1
Z a0f 1
g = ?'JR +1 4m HR%:—_EFR—K# “l—;’ I *q
.'['F'—}.E—K:lﬂ rzS:_ +1JrESP +1) prl (S_Mi JE _I_ﬂ-'rilr 10 E B dala T
I total
soow3p g and 20 kY esns 41229
M, g || g +d . N ssssesas J(1440)
T lg)=1T7% — _] T 57 A(1232) LN
k] . Tl —— (1535 =
Mg ) ld+a m_ o g T (1535) _
i P | ; 1] el Hhterel T SR 2T T
ro@=ri 2 W| (g2 +6° \‘l higher 0.0 0.2 0.4 0.6 0.8 1.0 1.2
Lk A | T, o2
g, \q +4 J resonances Pan [GaVic)

Total cross section to form resonance m 1N

: . —_ B 51232)

+ for total cross section I'g_, 4 replaced with £ . B N*(1440)
= I N 1520)
| g I N(1535)

80 B si1600)

Al1620)
50 N*{1650)
B 16T
40 N[ 1680}
N{1700)

10 I 4{1700)
B N ITIO)
I N (1720)

20 A(1905)

Al1910)

10 I Ai1950)

__ [l sum
% 02 04 06 08 1 12 14

Plas.« [GEVIE]



* M. Zetenyi. Gy. Wolf arXiv:nucl-th/0202047v1 14 Feb 2002

Baryon resonance dalitz decay widths

dgdm at pole mass of each resonance

Decay width and branching ratio for resonance dalitz decay calculations based on two models

E
. . T D(1232
* M. I Krivoruchenko et al. Annals of Physics 296, 299-346 (2002) 3 10° — N:144CII
dlp yete- o 1 SN I N(1535)
" = T _w (M T | N(1535)
dM? 3 a2t (M) 1w .
INom2. m2. M2
_ yAmy,m? M?) o r
Ly (M) = - S |(NA|T|R) w |
167m? Mepol R o
Dalitz decay BR from differenir A resonance sources - values at pole mass 10°
4 DOE-005
T B e B T A L I
) R Minv_g+e- [GeV]
= TV R .
R . _ —ne e .
§ e photonic decay (FDG) BR, . =-—2"% -atthe pole mass
tot
wolf kriv photonic decay (PDG)
Resonance | tot width PDG| BR e+e- | width e+e-| BR e+e- | width e+e-| BER e+e- BR ny
—— 1232 1.18E-001 4.34E-005 | 5.21E-006 | 4,25E-005 | 5.02E-006 | 4.09E-005 | 5,60E-003
Y200 10 1400 4S0  4600 4700 1800 1B00 2000 1600 3.50E-01 9,01E-007 | 3.15E-007 | 6,86E-00V | 2 40E-007 | 7.66E-007 | 1,05E-004
resanarcs A 1620 1.45E-001 2.33E-006 | 3.50E-007 | 9.17E-006 | 1.33E-006 | 1.75E-006 | 240E-004
Daktz decay BR from differentr N* resonance sources - values at pole mass 1700 3.00E-001 1.91E-005 5 T3E-006 2 03E-005 6.10E-006 1.39E-005 1.90E-003
L 1905 3.30E-001 2,09E-006 | 6.88E-007 | 3.,18E-005 | 1,05E-005 | 1.46E-006 | 2 00E-004
| wolf kriv photonic decay (PDG)
= |Resonance |tot width PDG| BRe+e. | widthe+e | BRe+e- |widthe+s-| BRe+e- BR ny
1.00E-005 1440 3.00E-001 2 25E-006 | 6.,76E-007 | 1.87E-006 | 5,60E-007 | 1,50E-006 | 2D5E-004
: | 1520 1.15E-001 4,06E-005 | 4,86E-006 | 3.84E-0056 | 4.42E-006 | 3,03E-005 | 4,15E-003
¥ ( e 1535 1.60E-001 1,06E-005 | 214E-006 | 353E-005 | 530E-008 | 1,07E-005 | 147E-003
i N 1650 1,65E-001 8.62E-006 | 1.32E-006 | 1.21E-005 | 2.00E-006 | 6.31E-006 | 8.65E-004
£ 10aEwos 0 1675 1,50E-001 6.20E-006 | 9.30E-007 | 7.27E-006 | 1.09E-006 | 5.11E-006 | 7.00E-004
1680 1,20E-001 3, 21E-006 | 4.17VE-007 1,13E-005 1.47E-006 | 2 45E-006 3,35E-004
1700 1,00E-001 5.90E-006 | 5.90E-006 | 7.08E-007 | 2.8G6E-006 | 5.11E-006 | 7.00E-004
_— 1710 1,00E-001 1.21E-006 | 1.21E-006 | 1.82E-007 | 6.00E-007 | 8.03E-007 [ 1.10E-004
s = o 1800 50 7 1780 1720 2,00E-001 1,39E-005 | 2 77E-006 | 277E-006 | 314E-0058 | 1,43E-005 | 1,96E-003




Coupling to photons: who are the main players ?

Comparison Wolf/Krivoruchenko/ scaling to PDG photocoupling*

A%and A*
A (1232
4,00E-005 g 500 ( 1000 ) A (1700) 10 2500
N*+
A (1905) =
4.002-006 \ - Dalitz decay BR ‘esonance sources - values at pole mass
A (1620) : ] o 1,00E-004 Y N(1520)
' 1400 1450 1500 1550 1500 15 N(1680) 1750
' N(1650
1 )
4,00E-007 008008 — ] N(1720)
' resonance/\ (1600) i
: N(1535) ™ —
N* © - e
N(1520) N(1680) woeee N(1440) " N(1710)

8,00E-00 S N(1675)

%40'3 1450 TH00 1550 OO 1700 1750 N 1700

N(1650) N(1720) (1700)
N (1440) A [0 1,00E-007
8,00E-006 Resonance
8.00.007 N@675) \ 1) T
N(1700)

8,00E-008 resonance N (17 10)

® y




Baryon Resonance Coupling to the Photon

A. V. Anisovich et al. Eur. Phys. J. A48 (2012) 15. (Solution BG2011-02) Seeniny N
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Andrew Wilson

The Production of Baryon Resonances using Real Photons
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Baryon Resonance Coupling to the Photon

Bonn-Gatchina PWA solution
A. V. Anisovich, et al., Eur. Phys. J. A 48 (2012) 15.

Cross section maximum assuming a Breit-Wigner shape and no interference.

= T 1T 1 1T 1T 1T 1T T 1 1T 1T T 1 [ .
$ gl 4 results from fits to:
= F 4 ] _
=T ++ - mN Production
I:ﬁ‘"]dz_ —— ~
E F —+—_+_+ ] 0 454+ 050
E +#| 1 7N, KA, K727, K°%X5,
'5111]".— - ;TD;TUH
P |
| | ] | | | | | | | | | ] | | | .
% ~N Production
5 388888 sdsz52:29%83
SE 8582832828285 5 0 o et K+ +
- b= 5 = < ST SFZFSTFFS T E 'Dn , p”: nmt, K ﬁi, K E,

a9 Z

T == 0 0_0 0
Only coupling uncertainties are propagated. KEL™, prme, proy

Andrew Wilson

The Production of Baryon Resonances using Real Photons
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Baryon resonance dalitz decay cross section

AT B | BRI UL IR S A, LS R |

-
Using Zetenyi & Wolf formula mass N E“HH_
dependent decay widths can be S h
calculated, L =
1w’

['gpese(Mp) used to calculate mass
dependent dalitz decay cross section for
baryon resonances

w0

- _ 27, +1 Lo S A
np—R—d ) 12 ?
(2S,_+1)(2S,+1) p} (s—M} J} +sI,

Baryon resonance dalitz decay cross section L]

0.0035 [0 N{1440)
I I Mi1520)
M{1535)

- +A- N Di1e00)
7T p _) n e e Di1620)
N{1650)

I M(1ETS)
[ M(1E80)
N{1700)
I oi1700)
B N(1T0)
N W{1TaE)
D{1905)
D{1910)
H sum

0.003

0.0025

0.002

0.0015

0.001

0.0005

1.2
Py [GaVIE]

B, =09[Gel /c] |
I

J5 =1.6[Gel"]

Oy [ M)

o 01 0.2 0.3 04 05 0B O OLE 00

B e ]

|l Do1232) E
I He144) in .
W Nep1sz20)

W He1535)
ey LY

w0

e, \\.
S 10

N |

Miny_g+o- [GaV]

B, =13[Gel /c]
5 =1.8[Gel"]

0.2 0.4 0.6 0.8
Miny_sra- [GaV]

Cross section for resonance Dalitz decay calculated by
replacmg 1-|11—><:-:| = FR—}HE+E-

(W 1232
B Hri1440)
0 Me{1520)
W nri152s)

Total cross section to form resonance i TN

B 41235)
[ W{1440)
[ LERE
I W{1535)
I 100}
Al1620)
N*{1650)
I NHHETS)
B*{1680)
N*{1T00)
I A7)
[ Likall
I W1 T20)
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A0
B 1950)
B =um

12 1.4
P... [GeVic]




Exclusive e*e spectra (@0.8GeV

— A1 232) .
N*(1440)° B, =0.8[GelV /]

— N'uszu} -

sy Vs =1.55[GeV]
A"(1600)
N*(1650)°
N*(1675)"
N*(1680)°

Missing mass

10° il

dhidMm . [counts/SMeVictweeak]

ik

0.6 14 1.6

T +p— X +e’e M__.~140MeV

Exclusive analisis with n” mass cut M__ >140MeV

A —on  A(1232)=89

2
o
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e*e  productioninm + p@1.1GeV

In 4w

L In HADES acc

102 f

m*l\ P, =1.1[GeV /c]
P s =1.7[GeV ]

108 =0
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10
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dNidM,

105 ||

0 01 02z 03 04 05 06 07 08 08 1
ern-'e't'
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Exclusive dilepton spectra in HADES Nk
N*(1535)°
L AN1600
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e*e production in m + p@1.3GeV

10

w0l In4m In HADES acc

! 0 -

- o T > yee
- ;/ @
i n — yete”

; P, =13[GelV /«¢]
. Iﬁ\ Vs = 1.85[GeV ]

107
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Exclusive dilepton spectra in HADES T N-1538

0 — 5:[[1 600)
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P=0.8 GeV/c Vs=1.55 GeV/c .. Simulations
(below » threshold)

Resonance Titov et al. M. Lutz
model et al.

Resonance model

- [counts/SMeVc?Tdays]

Incoherent sum
. (M. Soyeur)
Evts/ 2 weeks ~ 1900 ~6000 ~200 <k Coherent sum
M>0.14 _ z M. S
GeVic? GiBUU~ 1400 z e b (M. Soyeur)
0.4 045 05 ﬂ.S&Mii’;.FGEE%}' .75 0.8 085 0.8
Strategy:
1. fix the pNN* couplings using 2. Measure “off-shell” p effects in
the mp »>n*nN channels in the the dielectron production at the N*(1520)
energy scan energy




Angular distributions in m-p—ne‘e- :

y* angular distributionsin CM
sensitive to the different resonance
.contributions

e*/e- angular distributions

In y* reference frame
sensitive to helicity amplitudes
(electromagnetic form factors

B. Kaempfer , A Titov , R.Reznik Nucl. Phys.
A721(2003)583

1.5

0.5 |-~ ——- s"*=153 Gev "\

—-— s'"=1.530 GeV

s'7=1.67 Gev

0o i 1 1 1
-1.0 -05 0.0 0.5 1.0
cos O 4

e.g distributionsin 1+ cos?0 in case
of purely magnetic transition A (1232)
measured in pp reactions

2107

0.25

ey
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daid cos 8’ .
(=]
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o
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0.1

0.05 FIT~1+A  cos’d
A=0.91+0.27

IJ-""""""""" i e e ]
-1 -08 -06 -04 -02 0 02 04 G'B,?;BAYJ
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Remaining iIssues-ongoing studies

Count rates will be low, (predictions are scattered), but it will give in
any case the very first direct information on off-shell p emissivity.

Choose energy:
« P=0.740 GeV/c (s=1.52 GeV/c?) ?

Resume Hubert’s simulations, include pion momentum reconstruction
(Jacek)

helicity angle distribution for the different resonances (M. Zetenyi ?)
Improved lagrangian model (including w) (M. Zetenyi and G. Wolf)

Form factor models for N-N(1520) time-like transition
(T. Pena and G. Ramalho)

Fit eVDM Form factor model (Krivoruchenko and Faessler ) to recent
Space-Like data

Reminder: existing simulations for y detection (EMC)




Experiments with the GSI = beam : one possible scenario

e 1week mA 1.6 GeV/c 3targets C, Cu, Pb
strangeness production (K,¢) (and a few hundreds of
plo—ete)

e 1week mp energyscan mwp — nntr,prn’
PWA (or maybe 3.5 days if we scan only the lower energy
region)

e 2 weeks (or 2.5 weeks) mp — ne*e- 0.740 GeV/c
Electromagnetic transition form factors of baryonic
resonance/ off-shell p meson production

(-




Conclusion:

“perspectives of pion beam experiments with HADES ( 2014)

« Strangeness productionin wA at 1.7 GeV/c
* Energy scan of t'p reactions : one pion, two pion and kaon production

Urgent need of new data for Partial Wave Analysis — baryonic resonance
properties

 wp—ne*e at 0.8 GeV/c

Crucial to control the interpretation of
medium effects (lesson from HADES dilepton experimental program )

Unique chance to study Time-Like electromagnetic structure of higher
lying resonances/coupling to p/®m mesons (complementary to pion
electroproduction)

GSI pion beam is unique in world at present to provide these data

This should be exploited,.... before HADES moves to FAIR

Béatrice Ramstein 28
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jlp Dilepton production in pp reaction at 1.25 GeV
ORSAY

r—

%ﬁDES: Phys.Lett.B690 (2010118 » pbelow n threshold: only 2 dilepton sources

e B L e QO =° Dalitz decay o, =4.5 mb

branching ratio n° — ye*e 1.2 %

.. [ub/GeV/c?

—
Q

O A Dalitz decay :
branching ratio A — Ne*e- (QED :4.2 10)

0 non resonant contribution expected to be
small

Time-like N- A transition electromagnetic
form factors

Wan and lachello Int. J Mod. Phys. A20 (2005) 1846
Resonance model results: G. Ramalho and T. Pena Phys.Rev. D85 (2012) 113014

nt° Dalitz
A Dalitz + effect of lachello FF
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Exclusive analysis : pete at 1.25 GeV

Good agreement with
simulation of

A production + Dalitz decay
(cf hadronic channels)

M., = 0.15 SIGNAL: 192, CB: 14 . ACC corrected
black - pp analysis

.’__,-'*L"—-\Prelimi - ppee analysis

d'j'lldMl'-Eu lmt'-"':G'Ef"-"J'E:E}]

preliminary*
- M

A* P2

Helicity distributions y* — e*e-

. do/dQ.~ 1+cos?a
preliminary *’/

} +""'--+-++--""+ [ e W. Przygoda’s analysis
" Cracow

FIT ~1+A - cos?d y e+

A=091+0.27 A

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

First measurement !
Dalitz decay branching ratio in agreement with QED value (4.2 10 -°)
BR=4.42 10> +£20% ( syst.) + 9% (stat)




pp—ete X E=2.2 GeV, 3.5 GeV

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

_F [.\h Yoo 1

0.6 : nl " ol L A, L .- i 4@&

M. [GeV/c]
PRCS5 054005 (2019) [Gewc ]




Exclusive pp—ppe*e channel at 3.5 GeV

Cocktail of baryonic resonances
constrained by hadronic channels

-/ Dalitz decays of point-like baryonic resonances
+ “direct” p and ®

—_ —_ —_
o [N
LI T B B

y

; ppe+ e- « Experiment 1 '\‘\ ﬁ\'\(\aw nilerimentn
eW - orete

—s—(ata L { ﬁl-'_':]},ge. p‘
—-simulation i —aoee

— A(1232) ]\

N*(1440)
N*(1520) i
N*(1680) 2 14 16 18 2 2
A(1620) M [GeVicT
A(1700)

— A(1910)

— p—e'y
—A g'e
1237 *PE
R—pe’e

do/dM [ mb/(GeV/c?) ]
[
T | TTTT

g
w

—
on
TTTTT T TT T T TTT

dN/dM - /N,

=%
TT T 17T

ot
w

p
"'bfa;'"a.s"bfs“'f,"", B 14 16
M [GeV/c?] M [GeV/c?]

inv inv

da/dM [mb/GeVic?]

Excess related to light baryonic resonances (N(1520)

M [Gevic?)




Branching ratio from M. Zetenyi and Gy. Wolf formula

The differential width of the Dalitz-decay of a pa

Al p_nete-  a _ . _
— = —— TNy (M) tonic decay width to a virtual photon, I oy~ (M)

i'lr_-H-Jr2 irl -H.!rj

Here the notation M?(= ¢%) is used for the square of the dilepton invariant
mass (= mass of the virtual photon). gy (M) can be expressed in terms
of the photonic decay matrix element (N~|T'|R) as

o M2

M .1] ]

,w*]

.uf]

3724 2
\K”}"["” m2. 1“|'!2 1 ) - 'M‘LJ == '-l-'“"It_q 3 [wr. ml = U ;
Cpony(M) = Y=ok — N~|T|R) . :
mm, Mpal, R My ™ = dmagi5—— |(m.+m)” - M2
I o
pol X ‘ rh 12mim? [ y ]
I “ |.tri}ll'| H + '.VT ® (Ihu; — I[j-mwu.l + -lm?,m? 2m.m* + m*
T L
Npol R pol +2m.nM? — 2mi M2 + _'1.1"'1) L
a3 o M? _
,M}L"'z o -l.'i'n_-';‘f_::—z [I:ffr. 1 m)? — _11’2] :
)
; a1 and i i
J‘w;ﬁz"' = Irm;]z_ (mf - m') [l'm, +m) — Ju’zl \
Tt 2mt ' B2 a1 [ 2 2] r 3
E 'IHrl . . . MET = dragi——— |lm. — m)” — M7 | {m, +m)°
.'L"I}_"‘!"' = -I:ny] Tl -m:l2 [I.u.'- ) .Ul] ; . 180m; m* -
] = f‘_'-!:lr'_' — .mefm 4+ 'JJ?:I'_Jr.I.I.i —?m.m® +m'
1/2— : 2T 5 )
M = I,.r\»q] T— (m% - mz) [l_.w,, —m)— .‘IJ"?] ’ +3m, mM*? —:'-:.-.u:‘l-f“'+.-1.f'j.
fa— -”-"J ] 9 i+ 1— 4 721 I v 2
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y , L o grad— Ly 1~ 37" [(m, + m)?
MP™ = Azagh 1mEme [Iﬁm, —m)? — M? My mf’f.wlmu:.rl [t — m)? = M[" [(m. +m)
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Baryon Resonance Coupling to the Photon

Resonance

Partial Width [MeV]

Total Width [MeV]

N(1440)1/27 x % * =
N(1520)3/2 = * *
N(1535)1/27 x x %
N(1650)1/2 x xx
N(1675)5/2 x x %
N(1680)5/2% % % %
N(1710)1 /2% % %
N(1720)3/2+ % % % =
N(1875)3/2 x xx
N(2060)5/2 * xx
N(2190)7 /2 * #x
A(1232)3/2F % * %
A(1600)3/27F * #x
A(1620)1/2- % %x
A(1700)3 /27 # #x
A(1905)5/27F x x *
A(1950)7 /27" * #x

0.29929+-0.078503
0.9959+-0.059978
1.2535+-0.23877
0.19052+-0.080828
0.072775+-0.0126
1.1808+-0.05224
0.56018+-0.32318
3.3891+-1.6398
0.06435+-0.063951
1.1664+-0.40369
0.79473+-0.17224
1.1111+-0.031101
0.2256+-0.063419
0.40437+-0.077764
5.7183+-0.98023
0.30669+-0.055753
1.1933+-0.081041

365+-35
114+-5
128+-14
104+-10
152+-7
118+-6
200+-18
420+-100
200+-25
375+-25
335+-40
110+-3
220+-45
130+-11
310+-40
335+-18
256+-10

Andrew Wilson

The Production of Baryon Resonances using Real Photons

/




e*e production int + p@1.3GeV

Cross sections in different models

Zetenyi and Wolf coherent model (only p ?)
« ~18 pb/GeV at p peak

e o contribution to be added ?

e Very roughly about 3 pub for

T p—>np—>ne+e (Iarge II)
\/s 1.9 GeV ” N(Wégf"! =
15 N(1620) -
ch—N(WSEU

N(WEBU)

=]
T

do/dM [ub/GeV]
2

o
T

5 L 1 L 1 L L 1 L 1
0 01 02 03 04 05 06 07 08 09 1

dilepton mass (M) Gevfczl

Soyeur and Lutz: coherent sum of p and ®
contributions

~0.12 pub/GeV max rho peak

~10 pb/GeV max o peak

e’e’ invariant mass

tP,,., =1.3 GeV/c - pionPlugin

Vs=1.85 GeV

... [Mb/GeV/cY

dofdM,_,

E L L I L
04 0.5 0.6 0.7 0.8 0.9

M, e [GEVIE?]

Hubert’s simulations are based on
Incoherent sum of cross sections from
data tables,

Tp—np is about 2.6 mb

T P—>nw is about 2.5 mb

' p—np —ne*e 0.120 pb
np—>nw—ne*e” 0.180 ub

~ 0.6 pb/GeV max p peak

~16 pb/GeV max ® peak

10°#

ot

105

3

"‘-xlh:i'\ n— yete”
K"lﬁ"’ﬁé T — yeTe” ,.-'= ﬂ

In 47 Vs=1.85 GeV

o

T’ — yete”

"E.'-‘“”‘-n-\.

-

T, ':-'E:':. TR e ‘H‘j \\/
10 | . - Sy
oo Noenee
1 = - .:_“- e W""—"
107 : - r""'""“‘r’-"--u—,q.r -_1._,_,.\_._ .
T : 'L-|: H"t‘m_
1ot = i P B R T e U 1
1] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 ﬂ.E'“
e n
36




What about ower energies p contribution
Zetenyi at Vs=1.5 GeV

1002 T T T T T T T T T ; ;u ItS NO.GMb/GeV
3 } M. Soyeur at Vs=1.55 GeV
£ -5 0.06 ub/GeV
= ]
8 _ M. Soyeur et al
?l_ 1
= at Vs=1.5 GeV
% l\ ] | e*e” invariant mass at P, =0.8 GeV/c - pionPlugin |
L= k .
=10
0.1 E_ 1‘,'5 — :11$ 3 - =
q:g ___________ g 0.06
0.01 1 1 1 : 1 1 1 1 |1 1 1 5 0-09
0 01 02 03 04 05 06 07 08 09 1 E‘ 0.04
dilepton mass (M) [GeVicT] —
o 0.03
M=0.3 GGV/CZ EE 0.02
. . . =
Zetenyi’s contribution at Vs=1.5 GeV € o0
~0.6 ub/GeV , ) %4 045 05 o085 _06 068
Hubert’s cocktail Hubert’s calculation M, o [GEV/C
— ' 5
at Vs=1.55 GeV o] at Vs=1.5 GeV I~ A"1232)
~ 0.2 ub/GeV th In 4n :E:ggig
L 10% s py _——— N
New GiBUU calculationt 1‘*‘:‘1 e Nl
~ 10¢ : h"m::":"g'-"fhm ] _ &0{1500}
0.15 pb/GeV i S ye'e N*(1650)°
bl S N 0 e N*(1675)°
el N omee e F E:E ° | Nesoy
_- :: e f_,,:Pﬂ_':'r_m.q.'."'-"'-'*:':f?_*'"“;-.;,_ﬂ__ y 270
100 = T T, ) S L\I‘ ...... n
0 04~ oz a3 04 ||15r B S 1 p' 37
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