HADES investigations of baryon-photon coupling (baryon em. Form-Factors)

v Motivations( emissivity of QCD matter -> Low mass dileptons, p in-medium spectral function

— time-like baryon em. transitions)
v' Measurements of baryon electromagnetic transitions in NN and 1N reactions

v' Summary & Outlook: perspectives for hyperon em. decays in HADES and new experiments

with pion beams
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==u [AIR  Dielepton thermal rates from HIC SIS->RHIC + HADES
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In medium p spectral function

Rapp, Wambach, Adv. Nucl. Phys. A25 (2000)1
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dominant role of p - R couplings —
Vector Meson Dominance

R — Ne+e- (Dalitz decays) « connection to Chiral sym. restoration —
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Baryon electromagnetic transitions

Dalitz decays
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» Dalitz decays : transition Form Factors (timelike)
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I. G. Aznauryan and V. D. Burkert,
Prog. Part. Nucl. Phys. 67, 1 (2012)

Main players for SIS/FAIR:
A(1232), N*(1520), A(1600-1700),..

models:

M. I. Krivoruchenko, et. al. An. Phys. 296, 299 (2002)

Q. Wan and F. lachello, Int. J. Mod. Phys. A 20 (2005) 1846.
G. Ramalho and M.T. Pefia, PRD 80 (2009) 013008

T. Pena and G. Ramalho, Phys.Rev. D85 (2012) 113014

M. Zetenyi, Gy. Wolf, Heavy lon Phys. 17, 27 (2003).



pp — Rp —ppy*(ete™) and
" p—>Ronyx(ete™)
(exclusive channels)



== A (p1r, pm) excitation in pp->AN Vs=2.42 GeV HADIEES
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==u FAIR pp o p(A—pete-) A Dalitz decay HADES
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Lepton distribution in helicity frame

U BR (A—>pe+e-)=4.19 10°+0.62 (sys) + 0.32(stat)

(First measurement : PDG entry) T. Pena and G. Ramalho, Phys.Rev. D85 (2012) 113014
quark core pion cloud
U Lepton angular distributions confirm dominance of G,,
(transverse polarized y* ->B=1) é ete” y
AT
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pn—pny* ->pne+e-

Many calculations (most recent only!):
R. Shyam/ U. Mosel PRC 82:062201, 2010

R. Shyam , U. Mosel Phys. Rev. C 82:062201, 2010

L.P. Kaptari, B. K'ampfer, NPA 764 (2006) 338

data: HADES PLB690 (2010)118 , EPJA 7, 149 (2017)

Jquasi-elastic p-n bremsstrahlung”

difficult theoretical problem faced since 80’es
» off shell nucleon em. FF (in time-like region)
* nucleon-nucleon potential

» Conservation of gauge invariance in calculations

» Experimental finding : excess of p-n over p-p
(p-p fixed by A Dalitz Decay !)
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Explanation Shym&Mosel 2010 : emission from
charged pion exchange line..

Simple picture: annihilation of pions from cloud in
nucleon...
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P-n data: y* polarization — e distributions (helicity) frame
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OBE calculations
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Resonance model:

Z.Teis etal., Z. Phys. A356(1997) 421

J. Weil et al. (GiBUU) Eur. Phys. J. A48 (2012) 111
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==u FAIR Higher mass resonances: pp—ppe+e- Vs=3.1 GeV HADRES
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pion beam !



pions per spill in Ap/p=87%
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Pion Beam @ GSI

Eur. Phys. J. A (2017) 53: 188
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R 9*=(M,)> 0 , A
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Y; Hadrans and Nuckel
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> reaction N+Be, 6 x10%° N, ions/spill (4s)

» secondary T with | ~ 2-3 10%/s

» pion momentum Ap/p =2.2% (o)

> 50% acceptance of pion beam line

First run:

> s =1.46-1.55 GeV (4 points)

> PE (CH,),, and C targets : 2-pion and e+e- production

v

pion beam tracker giamond detector
silicon detectors

start detector

dispersive plane

pion target

HADES target

polyethylen
(CH,), and C
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==u [\|R 2 pion production: PWA (Bn-Ga) decomposition Vs=1.49 Gev HADES

~subthreshold” — no p peak in w+ % mass distributions

50— — 0.035
_ _Tp— nmrm (b)
© < & o3 °*® « Combined PWA fit with many
E E > = other channels from
=5 5 S 05 ° e p,yp,Kp reactions
_E_ E. ‘;:‘ L 0.015
= s E | o+ Input solution: resonance
= 3 = ot ocos properties fixed, except

s branches to VM

PP T PR U ST R
1.2 1.4 1.6 1.8 2

M...(n0) [GeV/c?]

30

do/dM [mb/(GeV/c?)]

Tp— pr’n

(c)

112 13
M. (pr) [GeV/c?]

A—T

j]
o

do/dM [mb/(GeV/c?)]
(e ]

o

=== N-p === N-o

e
[ |

M (nm) [(GeV/c?)?]

O.SE-CTTE.)J; 05 1274 16

M, (o) [GeV/c?] M (pr) [(GeV/c?)]
N-p _N-p_ _N-p

s-channel S D

11

13

PR R
1.8

0.018

0.018

0.014

0.012

0.008

0.006

0.004

0.002

Final solution (Log L) with
HADES 2pion data Bn-Ga
2019
(pwa.hisp.uni-bonn.de)

HADES:PRC C102 (2020) 024001



==u [R Total Cross Sections HADES

G [mb]
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W [GeV]

PWA
world data ® HADES data = =
© Refs. [8-9]
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[8-9] O consistent descripton of HADES and world data

D. M. Manley et al. Phys. Rev. D 30 (1984) 904

D. M. Manley and E.M. Saleski, Phys. Rev. D 45, U N (1520) > Np BR=12.2+2 % N(1535) >N p BR=3.21 0.6 %
+ BR for Ax and No

(8 new entries in PDG’2020)
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Test of Vector Dominance Model

HADES

— [Tp— N (b) Ideal case: p—n*n extracted from PWA

40+ Direct test of VDM models based on known p contribution
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o
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k=
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Test of 2 VDM versions (equivalent for universal coupling g,=g,,,.,.)
O’Connell Prog. Part. Nucl. Phys., Vol. 39,pp. 201-252, 1997
;

VDM2 : Sakurai, Phys. Rev 22 (1969) 981 ) ryoM2 - ( ) re

* most commonly used in Heavy lon models
* one single pN coupling

VDML : Kroll, Lee & Zuminio Phys. Rev. 157 (1967) 1376

* p contr. vanishes at m,*=0,

yN and pN couplings fixed independently allows to fix
BR(R—Ny) and BR(R—Np) consistently

B. Friman, H.J Priner, Nucl. Phtys. A 617(1997)496

* Phase between y and p contributions to be fixed by data
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QED reference

n Bonn-Gatchina PWA
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,.-'"'l,_"h-...,___ b
T T —
« Generalization to finite g2 (QED) T e 1600 2000
M. Krivoruchenko et al., Ann. of Phys. 296, 299-346 (2002) E, (MeV)
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=
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HADES

Data comparison with VDM2/\VDM1 models

.II['III[]II.

I|['III['III.|I[|

quasi-free T +p— e*e'n
p_= 685 MeV/c

QED

p (VDM2)

p (VDM1)

- QED + p (VDM1, incoherent)

QED + p (VDM1, max. constr.) |

D R I -
100 200 300 400 500 600 Y
M., [MeV/c?]

* QED reference constrainted by np—ny data and
available Bn-Ga solutions

* Model independent results:

» Strong excess with respect to the

(up to a factor 5)

 VDM1/VDM2 test:

O Large overestimation of measured yields with VDM2

Two component ( direct y + VDM1) with constructive

interferences gives a better description of the full

Spectrum

h 2 h 2 h 2

= A +

h] h 1 hl




== FJR Effective Transition Form Factor

Effects of baryon time-like electromagnetic structure quantified by
Roep= (do/dM)/ (do/dM)qep

« effective form factor » with strong contribution of N1520

3!
<
&
10 — ] ) o
- p_= 685 MeV/c 7
[ i
g | VDM2 1 VDM1 + v (constr.)
o 5l —
| S i
I T 7
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0 | | | | | | | |
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HADES

18
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Comparison to models (on-going)

‘ T
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HADES

Comparison with FF model:
G. Ramalho and M. T. Pena, Phys. Rev. D95, 014003 (2017)

e Dominant pion cloud contribution:
-> related to the pion electromagnetic form factor

(universal behavior of baryons ?)

Comparison with Lagrangian model:
M. Zetenyi et al. PRC 104(2021) 1,015201

* based on VDML, a coherent superposition of
photon and p (shown with phase ¢=90)
e very promising, but needs to be confronted to nr

spectrum
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spin density matrix elements from e*/e- data

|A|? = 8p}f§*( 1—cos?6, — pY, (3cos?6, — 1) +V2sin(26) cospRep , + sin6 cos(2¢) Rep'!

, . sdme sensitive to :
P11, P10, P11 €Xtracted in 3 bins in cos 6,

e » JP:for J=1/2 no dependence on 0,

T T T T T T T T 0
(o
- Lagrangian model 1 7
A @) %

", P, = 0 (only transverse polarization p)

» Combination of G , Gy, G

1A A
PLZ3TNT 24, 1 4,
le. ] - et
1=1/2 R ‘ T
|G| +1G¢|
11/2 A = ‘c i ,‘ + U+ 1) +2)|[Gh|

A4 =F{ &l

e consistent with dominance of N1520 (J=3/2)
Good agreement with Lagrangian model (predictions!)
Powerfull observable.. but more precise data needed
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0.5

Outlook : experiments with pion beam

N
=

Exp. proposal at GSI/SIS18 : 2023-2025: explore the third resonance region (Vs~1.7 GeV/c?)

-

20

°*N

e

Mig*a}-450-500 MaV

MMe"E)=400-450 MeV
P1o

-t r

Mg j-450-500 MeV |

Miz*2)-450-500 MaV

-1 0% 9 05 1

T 05 0 0%

i

I @05 0 05 1

1. Baryon meson couplings mnN, on, nn, K°A, KZ,....

— Inputs for Partial Wave Analysis
— Many baryon structure issues: confirmation of N’(1720),
Cascade decays (R—R’rt— Nrt it), ,missing resonances”

Broad range of q2=(M,.)? — sensitivity to form factors
e Check of Vector Dominance (both for p and )

HADES

. Time-like electromagnetic baryon transitions mwp—ne*e

* High prec. measureements of photon polarization - spin density

matrix elements

expected sensitivity for N*(1520)



==uxFAR  Vector mesonin cold matter mA—e*eX - HADRES

=107

- T T T102E T I T ]
o - D+ o = m subtracted ]
5 - BN i :*++ Pu<osceve| > o p+Nb @ 3.5GeV
5 g10°f i O  Significant cold matter effect for
;3 3 +ﬁﬁ | slow y* (p<0.8 GeV/c)
505 1 S h + 1 G  due to secondary nN reactions?
85 + E §
10°F ] N
P., < 0.8 GeVic' +{ §
0 UAIB 0‘|4 O.|6 O.IS ‘Il ]
. [GeVH . [GeVi o .
M. (38 M, [SeVic] « 1-Abetter sensitivity to inside
Projections for 1A decays and low momentum
3 I o =1 evi/c
2 600/~ T+p—>ne'e ﬁ b Yo . . A1 17G+V-Jx (c) 4 E, =1.17GeV v
é s=1.76 GeV ( ) g 1075 = . ::Cg—jee:X 35 m+Nh ]
g M,, > 140 MeV/c? 3 ?""‘v.'h Fapoae X QE 3
i = L ““'MWN‘ W
400 2510* E e - At D 25 .
I 2 5-""'\-' ' '-‘-.--_____._.._. PRI -.."."' o = y) e )
8 [ \ J“Nw“’”mw’ y M o 15 [ ] Ooa
200 107 B o T < ¢
, sl ™ "
» 10° = '
S ST ] go!

Me.o. [GeV/c?] M,.,o. [MeV/c?] - pp- [G-EW{i | p& [Gé\f.-"l:]



HADES

i Outlook: p+p @ 4.5 GeV ’

=0
. February 2022: pp @ 4.5GeV iy ep—
HADES: Eur. Phys. J. A57, 138 (2021) feasibility study J=3f2- i =
|
* Hyperon Dalitz decays: pp—pK*A(1520) [Ae*e] [Ay] ALaS) e
PP—pK*Z(1385) [Aete] [Ay] e _ ﬂ
o =, A(1405), A(1520) production and decays . -
. i -
* A-A correlations _ | 0.85%40,15% -
. ) ) Al=0 | 7 LI%I013
« dilepton production (higher mass baryon resonance decays, I R
pair production above ¢, mass,..) - i e EER
T
Projections for Hyperon Dalitz decays M> M, CLAS PROS3(2011) 072004, PRCT(2005) 054508
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Summary

v' VM (p) do play an important role in baryon — virtual photon couplings
v’ Baryon resonance studies with the GSI pion beam + HADES detector (2" resonance region \s~1.5 GeV)
— improved knowledge of hadronic- meson (p) couplings (new BR measurements!)
— very new information on time-like electromagnetic baryon transitions
First test of Vector Dominance Model below 21t threshold and time-like electromagnetic transition form factor

models — Important inputs for medium effects of p meson calculations

v’ 2022: Electromagnetic decays of higher mass N*/A resonances and hyperons Y—Ay, Y—>Ae'*e

in pp reactions

2023-2025 : pion beam experiment in the third resonance region

— Investigate heavier resonances N(1620), N(1720),...in e*e” channels and many hadronic channels, e.g.
p—o/p n, Tp—onn, KA, KZ,....

— Cold matter effects for VM with A


http://arxiv.org/abs/arXiv:1503.07763
http://arxiv.org/abs/arXiv:1503.07763
http://arxiv.org/abs/arXiv:1503.07763
http://arxiv.org/abs/arXiv:1503.07763
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Polarisation of resonances in
pion induced reactions

Z- CMS guantization axis
L1R.P

* 1 isspinlesshence
N+ _ ¢oN _
z =5 = v Rest frame
+ (Helicity
7! frame)

|
0| =

| SC M

* Polarization for JN* >
expected (only spin
projections + ) allowed

1192 e
A" = Zﬂi 1fl (H’}
AAf

for e+e-

Models: GSI/Budpest

E.Speranza et al.. PLB 764(2017)282

pdec  pr OF (et+e-)  pdec known, find pH from data

|A|? = 8pZ,(1—cos?6, — pf; (3cos?0; — 1) + V2 sin(26) cospRep 4 + sin’f cos(2¢p) Rep'_; )



==ux FAR Baryon Dalitz decay: Form factor models !ARES

Parameters of the model fitted to space-like data

Recent model for N-N(1520) transition G. Ramalho and N ] o
M. T. Pena, Phys. Rev. D95, 014003 (2017) —w=—— |  Predictions for the
0.4 T 4 . . .
N et time-like region
Quark core contribution : S S N R J

* Quark form factors inspired by VDM

10, T T T
st e \

g < _

3 g S N\

& = 4r /
it N oA N 2'//

0 1 1 1 1 1 Il 1
0 |02 04 08 D.E‘.j 1 12 14

q (GeV)

Meson cloud contribution:

: : Gr(g®, W2 =
« Based on pion electromagnetic form factor o

3G (a® W12 + G r(a® W2

» Dominant contribution in the time like region PrE o ] 2
_, Toial + 2;{7@.«;2. wR.
s T N
Q(GeV)

Similar model for N-N(1535) transition
Phys.Rev. D101 (2020)114008



==u F\R HADES » HADIES

v Spectrometer with AM/M - 2% at p/o @ GSI/FAIR
v electrons : RICH (hadron blind)

v hadrons: TOF & dE/dx vs p

v 2004-2014: HI (A+A \s~2.4-2.6 GeV)

p+p, d+p, p+A s =2.4-3.0 GeV n+p Vs= 1.5 GeV

85° ;
oy FADES UPGRADE Upgrade 2018/2019
N / \ « New RICH photon det
N (HADES/CBM)
15° Forward Detector

» Forward tracking straws

+RPC — A/Z reconstruction
in pp/pA (HADES/PANDA)
* Elec. Calorimiter (lead
glass)- neutral mesons
* Planned: 200 kHz DAQ ,

10 x_count rate increase



[ N(1520) — A(1232)7, S—wave) /T ta
VALUE (%) DOCUMENT 1D

12,1 £2.1 ADAMCZEWSKI- 2020
T'{ N(1520) — A(1232)7w , D—wave) /Ty

VALUE (%0) DOCUMENT 1D
6+2 ADAMCZEWSKI- 2020

['( N(1520) — Np, 5=3/2, S—wave)/Tya

VALUE (%) DOCUMENT 1D
11.8 4+1.9 ADAMCZEWSKI- 2020

T( N(1520) — Np, 5=412 , D—wave) /T

VALLIE (%) DOCUMENT 1D
0.4 +0.2 ADAMCZEWSKI- 2020

T( N(1520) + No )/Tiotar

VALUE (%) DOCUIENT 1D
7T+3 ADAMCZEWSKI- 2020

PWA results—8 newPDG entries!

PN coupling not present in PDG since 2016

T'( M(1535) — A(1232)7 , D—wave)/Tipial

VALUE (%) DOCUMENT 1D
3+1 ADAMCZEWSKI- 2020

T'( N(1535) = Np , § = 1/2)/Tatal

VALUE (%) DOCUMENT 1D
2.7 +0.6 ADAMCZEWSKI- 2020

I'( N(1535) — Np, S=312, D—wave)/Tiota

VALUE (%) DOCUMENT ID
0.5 +0.5 ADAMCZEWSKI- 2020

HADIES
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