Studies of time-like electromagnetic

structure of baryons with HADES
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Emissivity of QCD matter

L.D. McLerran, T. Toimela, Phys. Rev. D 31, 545 (1985)
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In medium p spectral function —
connection to baryon Dalitz decay

p meson B , ; ~
propagator DP(M’q’IJB’T)_{M _mP_ZpHH_ZpB_ZpM]
Vacuum- Nuclear matter: additional terms

(p selfenergies)
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in-medium spectral function
depends on pPNN* coupling
(N(1520), A(1720), N(1910), ....)
studied in NN, TN collisions via
N*(A) —» Ne+e— Dalitz decays

dedicated HADES hadron physics program




Electromagnetic structure of baryons
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eTFF of baryons: models

Covariant quark model +VMD
T. Pena & G. Ramalho

N-A(1232): Phys.Rev. D85 (2012) 113014
N-N(1520): Phys. Rev. D95, (2017) 014003
N-N(1535): Phys.Rev. D101 (2020)114008

quark core pion cloud
+o— -

VMD: ete”
W\l

e
quark FF N i
pion FF § ST
R N R N* N
S | L L

Two-component Lagrangian model
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Dalitz decays of baryon resonances
Vector Meson Dominance Models (VMD)

Mesons Dalitz decays — (Kloe, Beslll, A2, Na60 ...), many theoretical calculations of eTFF
(dispersive framework, effective Lagrangian, quark models, LQCD).

Baryons Dalitz decays — (Hades), calculations of eTFF based on VMD:

. . M. Zetenyi et al.,
> QED “point-like” ¥ ) PRC 67, 044002 (2003)
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High Acceptance DiEelectron
Spectrometer

Sis18 i

p: 4.5 GeV
Linear accelerator AU 1.25 AGE\!/ SIS100
UNILAC /.4 p: 29 GeV

Au: 11 AGeV

Production of
rew atomic nucle

Production of
antiprotons

[ existing facility
storage rings B Flanned facility

[l experiments

v SIS18 beams: protons (1-4.5GeV),
nuclei (1-2AGeV), pions (0.4-2 GeV)
secondary beam

Spectrometer with AM/M~ 2% at p/®

PID (m/p/K): ToF (TOF/RPC, TO
detector), tracking (dE/dx)

momenta, angles: MDC+ magnetic field
e+,e-: RICH
neutral particles: ECAL

AN

full azimuthal, polar angles 18° — 85°

AN NN NN

e+e- pair acceptance ~0.35

| ‘ ,,,.._,,

T e T ]
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A (1232) resonance - exclusive pe+e- analysis

HADES: Phys. Rev. C 95, 065205 (2017)
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Dalitz decay studies of heavier baryons

HADES: EPJ A50, 82 (2014)
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Motivations for pion beam experiments with HADES

N(1440)  2"! resonance region selectivity:

A(1232) m;ggi Vs=1.46 -1.55GeV producion of resonance with given
' | mass in s-channel

ap—-X

— total
- == resonance contributions
==~ an N background

0.0 0.5 1.0 = 1.5 . 2.0
| p, [GeV] |

n ®

HADES + GSI pion beam is an ideal (unique in world) tool to:

> Study the time-like electromagnetic structure of baryons

> Complete the very scarce pion beam data base for hadronic couplings

> Dilepton channel R - Ne+e-, never measured in pion induced reactions
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Pion beam facility @ GSI

Eur. Phys. J. A 53, 188 (2017)

> reaction N+Be, 8-10*10'° N, ions/spill (4s) S no
»secondary Tt with I~ 2-3 105/s 5 [ omEE e 5
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>PE (CH,), and C targets 5 ek 4 ;
> pion momentum Ap/p =2.2% (G) 3 L
> ~50% acceptance of pion beam line = ' o '
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2-pion production in Tp

HADES: Phys. Rev. C 102, 024001, (2020)
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do/dM___ ([nb] / (MeV/c?))
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Selection of quasi-free T p - ne+te-

HADES Coll. arXiv:2205.15914 [nucl-ex]

1+CH,— e*e X
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— total
— ne'e .
---nnn— ye'e]

* cut on invMe'e” >140 MeV (n’removed)

* selection of mp — ne+e- exclusive channel

using missing mass cut (1 removed)

* quasi-free treatment of 7°C interaction

T
2
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Effective time-like transition form factor

Raeo= (do/dM)/ (do/dM)qep

HADES Coll. arXiv:2205.15914 [nucl-ex]
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gives reasonable description

® | agrangian model — very promising

® Time-like FF - dominant pion cloud

contribution (pion emFF)
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Virtual photon polarization

E. Speranza et al. Phys. Lett. B764, 282 (2017)
spin density matrix elements (SDME)

tN - NY* - Ne+te-
QED: v* - e+te-

a0 (H) (dec)
dMeedQ}'*dQ |A| = Q—l g‘; PAANPAA’
RN+ y* 2 p,, depends on ¥*

polarization
Angular distribution of the lepton pair:

AP 1
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1 ————— === T r— 0.6 ‘ : : ’ ‘ '
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Virtual photon polarization

E. Speranza et al. Phys. Lett. B764, 282 (2017)

2
% = % (Smg +8[k[2[1 = A + cos? 035 — 1) + v25in(26) cos pReplh + sin’ 0 cos(26) Rep " {])

SDME p_, p,,» P,_, €xtracted taking into account acceptance and efficiency
(A. Sarantsev) in 3 bins in cos@y

O;— T T T T | T T T 1 | 1 T T 1 |
guasi-free T+p — e*e’n HADES data

p_= 685 MeV/c

* p,,=0.5, p = 0 for transverse polarization

IlIIII|III

(real photon) => contribution from virtual
photon
{ * angular dependence
l - — contributions of spins larger
Lagrangian model [Z&tényi) I ] than %4: N(1520) resonance

— P .
Pl * more precise data needed !

— " Py

o
—_ | T | L | L q:
B I_

05 0 05 1
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OUTLOOK (I):
HADES Physics Program with Pion Beams

explore the 3™ resonance region Vs=1.7 GeV/c?

10

G (mb)
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] ‘IIF 1
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1

14 15 16 17 18 19
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11 12 13

~

High statistics beam energy scan:
continuation and extension to
3! resonance region
1) Baryon-meson couplings:
— 7N, on, nn, K°A, K2, ...
including neutral mesons (ECAL),
— PR couplings S31(1620),
D33(1700), P13(1720),..
2) Time-like em. baryon transitions
- TP — nete-,
— test of VMD for p and o,
— spin-density matrix elements,
3) Cold nuclear matter studies:
— @ absorption
— p spectral function
— strangeness production
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Outlook (II): eTFF of hyperons

HADES: Eur. Phys. J. A57, 138 (2021)

107 Y . K- p— Y’Y*
in VMD model

Intrinsic interest of pp: ol SR ;
* eTFF of A(1520), X(1385) in pp @ 4.5GeV ool te 10 cer

=0 (pb/(;evz;n 3 r
L2156 To— VMD: 1000 |
1=3/2- KN threshold . large effect of ,005

-l

" 10

m - =1 )= ;/2+ pl“edicted q2 ;agms) Rt G ., _
1= 1/2- - ; , . : ;
| _ S. Leupold s 0.25 0.5 0.75 1 1.25 15
| 7 Eur. Phys. J. A 57, 183 (2021) Q¢ = M2(e+e-)
| 08S%H015% L o13% G. Ramalho
| .20(11'92) Phys. Rev. D 102, 054016 (2020) R. Williams et. al
| e . . al.
| 1= 1/2+ PRC48, 1381 (1993)
Aqus) L s =
1=+ s " 100 %

* narrow states, easier to identify but lower production cross sections
* attempt to measure branching ratios with HADES
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Outlook (IT): etFF of hyperons

HADES: Eur. Phys. J. A57, 138 (2021)

107 . y K- p — Y’Y*
. e . in VMD model
Intrinsic interest of pp: K S ,
* etFF of A(1520), 2(1” Ay, ~ @ 4.5GeV P
J Na rohs. wo
KOn 206, i
r=156 T p/,/. aO’S 1000 |
=3/2 KN threst /03 ), U’ha,- ?
| ! pa/"a/ Q 100 i £/ AN 3
i G O e/ se
[ =50 - =1 ayeptOns 88/0/7 (113 = 3 ) v LSy "
1= 1/2- w? a/‘) 0 1 . | | I J
e o 0.25 0.5 0.75 1 1.25 1.5
| Urg ’qbo ~
| 0.85%£0.15% ’:/1/2;/+o . OIQJ/, pau )/QSS/ ) q® = M’(e+e-)
| 7 e "Rl 88’7@ 2020) R. Williams et. al.
| 7 - : .
A(1115) i /// //j 12 'SS/O/7 PRC48, 1381 (1993)
1212+ Ly - " 100%

* narrow states, easier to identify but lower production cross sections
* attempt to measure branching ratios with HADES

21



Summary

HADES & pion beam is an unique tool to understand in details baryon-p

couplings:

— significant off-shell contribution originating from N(1520)D,, shown by
combined PWA (D,,(1520) coupling to p-N: 12+/-2 %),

— improved knowledge of baryon resonances- meson (p) couplings
(new BR measurements),
— very new information on electromagnetic baryon transitions
in the time-like region,
First test of Vector Dominance Model below 27 threshold and time-like
electromagnetic transition form factor models
— important inputs for medium effects of p meson calculations

Studies of etFF of hyperons in pp@ 4.5 GeV.
Proposal for pion beam experiment in 2025 in the third resonance region.

Thank You for Your Attention !
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Inclusive e+e- cocktail
Fixing cocktail ingredients

Dalitz decay partial width (QED calculation)

; N(1535)

N(1520)

N(1440)

NtO > nete™

(ub)

™ p — nn®[9 mb] (SAID)
n~p — nn’[1.9 mb] (L.-B.)

Dalitz Decay BR
n?: 0.012
1: 0.006

T p—nn [ORENagleJl ~rnct etal, PRC72 (2005) 045202

n~p — pn’n~[4.0 mb] (L.-B.)

350

300 - Fit

Bonn-Gatchina PWA

N(1520) to mp—yn: 21%
N(1535) totp—vyn: 15%

—_ ome~Mesemekchange

_— 1/2 1/2 -
250 |-

—  3/23/2 +

1/2 3/2 -
200 |- _ 1/21/2 +
150 |- =
yn—- 7T P

A i = +
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s(MeV)

input for Tp - y*(e*e)n
' QED Dalitz decay contribution

o(m™p > nete”) ~

1.35a0(m™p - ny) =2 ub

1 1 1 1 | 1 1 I
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Selection of quasi-free T p —» ne+te-

HADES coll. arXiv:2205.15914 [nucl-ex]
10

x_

n+CH,— e'e’ X

poesueve e oyt on invMe'e” >140 MeV (above 7° mass)
* missing mass cut on M_. (1 removed)

® 70 C simulations using Pluto (qfs participant-
spectator model)

® production cross sec. on C for: @, M, p, Y
deduced from the scaling: Rc/p= oc/on

do/dM____ ([nb] / (MeV/c?))

3 c) T+p — ete’X
:_ — total
21 — ne'e e CH, target:
—--nnn - ye'e] 2

(r.‘ff:r) _(ﬂh) _2( {EJ)
dM,. | ~ H, dM. ) ~ dM.. | 4
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