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HADES Spectrometer /&\

= SIS18 beams: protons (1-4 GeV), nuclei (1-2 AGeV)
pions (0.4-2 GeV/c) — secondary beam Side View

=  spectrometer with AM/M - 2% at p/®
= detector for rare probes:

TOF

Pre-Shower

dielectrons: e+, e-
strangeness: A, K*0, &, ¢
» particle identification ©/p/K — combined dE/dx (MDC)

and TOF : 5,,; ~80 ps (RPC)

electrons : RICH (hadron blind), TOF/Pre-Shower FW

= upgrade(2010): new DAQ (~20 kHz) with Au+Au collisions

#RPC (from 2010)

Geometry
e full azimuthal, polar angles 18° - 85°
e ete” pair acceptance ~ 0.35




dileptons: a probe of in-medium vector meson modifications

. . S. Leupold, U. Mosel, V. Metag
Present explanation of dilepton spectra Int. J. Mod. Phys. E 19 (2010) 147
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In-medium spectral function
depends on pNN* coupling
Main players:

N(1520), N(1720), A (1910)

ImD [GeV ]

Rapp and Wambach EPJA 6 (1999) 415
Rapp, Chanfray and Wambach NPA 617, (1997) 472

Source of p mesons at 1-2 AGeV Dominant source of p

X mesons at ultra
.’0=( relativistic energies
- T —>p

h‘-I

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




relation to electromagnetic structure of baryons

p meson production and decay Dalitz decay of baryonic resonances
t
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Vector Meson Dominance Model

electromagnetic
< > transition

coupllng constants

form factors

q2 = |\/Izinv(e-|-e_) = sz* >0
g2 20 s« time like « region

electromagnetic form factors are unknown!




off-shell p production (T™p - ne*e™)

, N(1520)

R

p, @,9

e N1

Time-Like electromagnetic form factors Space-Like electromagnetic form factors

i + 2 .
TC\ R Inverse pion electroproduction /e q° <0 fixed

P e

p variable

P studied atJLab/CLAS

= below p/w production threshold at Vs = 1.52 GeV
= studying of time-like electromagnetic structure of N(1520)
= constrain in-medium modifications of the p meson spectra function




ZA

1.25 GeV) +
P )+ p

p(3.5GeV)+p

= +p
(momenta: 0.656,
0.69, 0.748, 0.8 GeV/c)



p+p @ 1.25 GeV - plan

p + p elementary reactions %.\'anance maﬂ[e/

at E o — 1.25 Gev below Z.Teis et al., V. Dmitriev et al.
kin Z. Phys. A356 (1997) 421 Nucl. Phys. A459 (1986) 503

ppn production threshold

are well situated ] ’ ) ky
to investigate 2 & AN o

A(1232) Dalitz decay b 4

Production: OPEM

I. HADRON ANALYSIS Form factor at vertices:

(nprt*, ppm) Fa?) Ap —my?
q —
II. LEPTON ANALYSIS A,T2 — q?
(ppe*e', ppe*e') A, fitted in accordance with the data

(A7 =0.75) G. Agakishiev et al.
Witold Przygoda (NSTAR 2015) Eur. Phys. J. A48 (2012) 74



PWA ul fO ma | IS m fo I N N Eur.AI;h\i;séT.iZO3V£ilc(hzggg)l.l29

THREE (or more) FINAL STATES TWO BODY FINAL STATES
minimization of log-likelihood value x2 method
N (data) ' e
fo_ Z In— «i}?((*PWA) Z (0;(PWA)— O'j((”}“p))
: (ree MC) . (Ao i(exp))?
J 3, om(PWA) j J
CROSS SECTION (27r)4]A[2
do = d®3(P,q1,q2,q3)

AMPLITUDE PARAMETERIZATION 4 ’ k‘ \/E

A= ZA o, (SLT)Agy(i, SoLaJs) (s:)QL™ , (i,82L2J2S'L' J)

initial system of two two-final particle
NN system final particles system and spectator

OPERATORS

in fin constructed for each event from momenta
LB s Bl Qul---ﬂ.f of the initial and final state particles



PWA — amplitudes parameterisation

TRANSITION AMPLITUDE

o o RESONANCE PRODUCTION AMPLITUDE

o L aq + as \/g 1a%

At?“ (S) T o e 2
s — ag

§RN
fll 3 Sa = = Z .
26(7, 3)(s7N) M% — spn —iMRgIR

(Roper)

A. V. Sarantsev et al. QATN i }L-QL
Ml = (P o o
S 7

NON-RESONANT PRODUCTION AMPLITUDE

o r
o r°ag\/SNN
AQE}(J-._-SMSNN) = 2Lg+1

Y 5 tagk
1 2" kN aﬁ—l_F(k ,7B,LNN)

a(lSy) = —23.7 fm, -r(;SU) = 2.8 fm
a(3S1) = 5.3 fm r(°S1) = 1.8 fn



PWA — input pw and data samples

Bonn-Gatchina group
http://pwa.hiskp.uni-bonn.de/data.htm

proton+proton (isospin | = 1)

INITIAL PP STATES

0)
1
2 1D,, 3P, 3F,
3
4

FINAL STATES
S-, P-, D-waves in pp or pn-state
P33(1232) and P,(1440) in tN state

Experimental data samples

Reaction Vs (MeV)  Naiata  Otor (mb)
pp — Tpp 2066 50000 0.10+0.03
pp = pp 2157 542 2.074+0.09
pp — 7pp 2178 615 2.854+0.13
pp — T pp 2200 882  3.31+0.19
pp = Tpp 2917 993  3.70+0.14
pp — wpp 2234 914 3.7340.15
pp — wpp 2251 996  3.964+0.15
pp = T pp 2269 1315  4.20+0.15
pp — mpp 2984 903  4.1940.17
pp — pp 2300 688  4.48+0.20
pp = opp 2319 1086 4.50+0.17
pp = Tpp 2422 60000 3.87+0.55
pp — Tpn 2285 4153  17.8+0.4
pp = hpn 2300 2912  17.6+0.6
pp = 7 hpn 2422 60000  17.042.2




(n p m*) — in acceptance (OPE & PWA)
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(n p m*) — in acceptance (OPE & PWA)
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(c) Helicity distribution of #* in pr™ reference frame, 77 in nw ™ reference frame and n in pn reference frame.
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(n p ") — OPE, PWA acc corrected

— 09¢ . —_ : —_
. = = . B 7 [
2 o8F 3 & 14 E &
g g o 3 ¥s) - . ¥el
£ - = £ 1.2)0 £
= naF ] a g ~
1 |- - 1 )
S . cf . 3 3
S - = [} [¢]
= O E E < 08 =
3 E 06
E 3 0.4
0.1F 3 0.2
ok N N L
-1 05 0 oM 0.5 1 -1
cos(@)ﬂ+

(a) Acceptance and efficiency corrected angular distribution of 7+, p and n in c.m.s. reference frame.
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(b) Acceptance and efficiency corrected invariant mass of prt, nat and pn.
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(n p ") — OPE, PWA acc corrected
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(d) Acceptance and efficiency corrected angular distribution of 77 in prT GJ reference frame, 7
and n i pn GJ reference frame.
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(p p °) — in acceptance (OPE & PWA)
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(p p °) — in acceptance (OPE & PWA)
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p i) — OPE, PWA acc corrected
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Partial Waves (p p m°, n p it*)

Total | A(1232)N | N(1440)p
pp — ppm"
150 1.8 + 0.7 <1 1.8 + 0.7
‘Po| 68+ 10| 1.5+ 05 | 5.5+ 1.0
Py | 210+ 44| 20+ 1.0 | 12+ 2.0
5Py | 295+ 35| 305+ 40| 23+ 1.0
Dy | 494+ 10| 424+ 1.0 <1
SFr | 1184+ 20| 6.5+ 1.0 <1
SFs | 20+ 20| 2.0+ 2.0 <1
3Fy | 12.0+ 3.5 | 12.0 + 3.0 <1
gy | 40+ 10| 40+ 1.0 <1
SHy | 55+ 1.0 | 55+ 1.0 <1
pp — pnmw’

1Sa 3.5+ 0.8 <1 2.2 + 0.7
Py | 40+ 15| 1.0+ 05 | 1.7+ 04
Py | 140+ 60| 20+ 1.0 | 6.7+ 1.0
P, [ 335+ 30| 205+ 30| 1.0+ 05
'Dy | 118+ 15| 88+ 1.3 <1
Fy | 80+ 10| 6.5+ 0.8 <1
Fs | 204+ 20| 204 20 <1
Fy | 115+ 25 | 115+ 2.5 <1
gy | 50+£ 10| 50+ 1.0 <1
*Hy | 55+ 1.0 | 55+ 1.0 <1

G[mb]

10




PWA cross section & resonances

final state | intermediate process | orrs (mb) | o5 (mb) | opwa (mb) 0,4 (mb)
npm" pp — nATT(1232) 16.90 14.86 + 2.19 11.1 + 04 -
pp — }‘Jﬂ+(1232) 1.89 1.66 + 0.24 1.2 £ 0.2 -
pp — pN(1440) 0.54 047 £007 | 1.70 £0.20 -
Total : 19.35 17.00 + 2.2 16.34 + 0.8 16.26 + 1.96
ppr pp — pAT(1232) 3.76 3.61 + 0.54 2.96 + 0.07 -
pp — pN(1440) 0.27 0.25 £ 0.06 0.86 4 0.06 -
Total : 4.03 3.87 £+ 0.55 4.2 + 0.15 4.1 = 0.45
|_|20 T T T T T T
_Q L 5 _I T T T T T T I_
(o) - L ]
15— 4: ]
: 3 :— o —:
10 B B i
i 2 B
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M.I. Krivoruchenko et al.

Phys. Rev. D65 (2002) 017502
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pion cloud

dI'(A — Ne"e")

st (mA,qZ) G (@*)+3Gi(a)+

Time Like (g?>0)
A (3=312) ->N (3=1/2) y* transition:

Q. Wann, F. lachello G. Ramalho, M. T. Pefna

Phys. Rev. D85 (2012) 113014

Int. J. Mod. Phys. A20 (2005) 1846
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A* Dalitz decay via pnA* { > }
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p+p @ 3.5 GeV - plan

p + p elementary reactions at E,;, = 3.5 GeV
to investigate the wealth of baryonic resonances

and their properties

counts

(nprt*, ppmt)

1

0.5F

x
3.5

HADRON ANALYSIS

L L i i

g

* 1o

tal

* mulipion sublracted

multipion-simulation

LEPTON ANALYSIS .
(ppe‘e’)

M e 1 LY
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Witold Przygoda (NSTAR 2015)
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G. Agakishiev et al.
Eur. Phys. J. A 50 (2014) 82



do/dm,, [ub/GeV]

Inclusive spectrum p+p @ 3.5 GeV

data —— 7
GiBUU tota]

Cross sections deduction
PYTHIA+PLUTO ( UrQMD )

o

T n

|

.

o; [mb]: | 18+ 2.7

(16 + 2.6) | 1.14+0.2 (0.93+ 0.14)

0 0.2 0.4 0.6

J. Weil et al. (GiBUU)

Eur. Phys. J. A48 (20

12) 111

A%

p w

Totd ! L8

0:233 £ 006 | 0.273 = 0.07

for details, see:

G. Agakishiev et al. (HADES)

Eur. Phys. J. A48 (2012) 64

How to

treatR > N efe

p mesons produced via baryonic
resonances (R—>p N —> e*e™ N)
Resonance model with electromagnetic
Transition Form Factor from model
seems to describe nicely data — only A?

25



Baryon resonances in p+p @ 3.5 GeV

study of 3 connected exclusive channels: Resonance ma/e/

) + i * .
pp — pnxt to fix R (A, N°) cross sections production amplitude given by

e pp — ppn® to check the result (izospin relations) incoherent sum of resonance

: contributions + isospin relations
e convert R — pe*e~ and check in pp — ppe*e- >

JY  Resonances Ig [MeV] BR(Nw) BR(peTe™) A—I-O r N*-l-

32 A(1232) 120 1 L1205

/27 N°(1440) 330 0065 3.00e 7. Teis et al.,

/2~ N'(1535) 150 046 [ 45e5

3/2F A(1600) 350 015 07306 C.G coel +

127 A(1620) 150 0.25 1.73e-6 —» 1

/2= N*(1650) 150 03 30306 BRONT) -~ 10-100%

5/2~  N*(1675) 150 0.45 1.026-6 |

5/26 N*(1680) 130 0.65 1.970-5 Comily,

3/2¢  N*(1720) 150 0.2 3.65¢-6

327 A(I00) 300 015 1385 M. Zetenyi, G. Wolf
T - - TP ’

5/2+ A(lQOS) 350 0.15 1.46e-6 Heavy lon Phys. 17 (2003) 27

12t A(1910) 280 0.25 0.73¢-5

7/2+ A(1950) 285 0.4 3.06e-6 BR(Dalitz) ~ 0.01e-5 - 10.¢-5

> pe e
For the overlaping resonances only one resonance with largest BR(pe*e") selected. 26



Resonance production (HADES acceptance)
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One pion production: acceptance corrected
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do/dM [mb/(GeV/c?)]

50

40

30

20

10

—e—data
—=simulation
—A(1232)

N*(1535

N*(1680
A(1620)
A(1700)
— A(1910)

)

...... (1520)
: )

)

% 18 2 22
M [GeV/c?]

T 18 2 202

IVIF”c [GeV/c ]

—_ =k =k
i

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

do/dQ [ mbysr |

—
<
W

—_
<
T

no

/ ), \
MEFERYERT 182 """" 2.2
M~ [GeV/c?]

npm

e At (1232)

very good description

of A-line shape
("Monitz” parametr.)

p 10°

o A*(1232)
e N*(1440)
e N*(1520)
« N*(1680)
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Exclusive m/m production in p+p @ 3.5 GeV

Total cross section of exclusive n
and w production obtained from a
parametrization of existing data:

c,= 140 £ 14 pb
6,= 146 % 15 pb

G. Agakishiev et al. (HADES)

Eur. Phys. J. A 48 (2012) 74

M. Abdel-Bary et al. (COSY-TOF)
Eur. Phys. J. A 44 (2010) 7

Total cross section for p taken
from relations to w production
(DISTO observation)

=15 .
Cppp = 72 * Oppey

F. Balestra et al. (DISTO)
Phys. Rev. Lett. 89 (2002) 092001

K. Teilab (PhD Thesis)
Univ. Frankfurt (2011)

F HADES data (raw)
6000} Fit (N(1535) + phase space)
Simulation (phase space)
50001 Simulation (N(1535))

counts/(0.1 GeV?/c?)

M. [GeVZ/c?]
N*(1535) fixed from n Dalitz plot
N*(1535) — pn BR(42%)
On+(1535) = 197 [ub]

Witold Przygoda (NSTAR 2015) 29



Cross sections (HADES, Teis et al., GiBUU, UrQMD)

Resonances or [mb] o (GiBUU) U;TQMU
A(1232) 253 £031 20 (2.2) 7
N"(1440) 15037 0.3 (3.63) 115
N"(1520)  18+03 002 (0.27) 17
N"(1535) 0.152£0015  0.53 (0.53) 08
A1600) 02401 0.70 (0.14) 0.4
A(1620) 014003  0.60 (0.1) 0.2
N*(1650)  0S1£013 023 (0.24) 0.4
N*(1675)  1.654027  2.26 (0.04) 1.2
N*(1680)  0.0+0.15 021 (0.22) 1.2
N*(1720) 4414072 0.15 (0.14) 0.68

A(1700)  045£016 0.1 (0.00) 035
A(1905) 085053 0.1 (0.00) 0.25
A(1910) 0384011 071 (0.14) 0.08
A(1950)  0.140.06 0.08 (0.1) 0.25

Z. Teis et al.,

Z. Phys. A356 (1997) 421

S.A. Bass et al. (UrQMD)

Prog. Part. Nucl. Phys. 41 (1998) 255

Witold Przygoda (NSTAR 2015)

J. Weil et al. (GiBUU)
Eur. Phys. J. A48 (2012) 111

o [mb]

20j pp — npr* |
s HADES ]
15;
10;
5
2 1
5:_ pp — ppr° -
: %% s HADES| ]
- "% _
£ % +GK§1232)
I \ +GT%3fz
B . . l=1/2
3- ¢ % .
Z . 9
2__ A(1232)‘“\
z - é
=] =2 5
r [ T .,!?:!!g
I Lt e T - I B B [ ‘“'-I “
2 25 35 4 45
Vs [GeV]
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Cross sections (GiBUU — model1, UrQMD — model2)

50; &i Resonances HADES Teisetal. GiBUU UrQMD
Tl sz I
R N*(1440)

S s i1 N
2 ? 1111 N*(1520)
- 20 ¢ l‘h N*(1535)
2 r; A(1620)
ge] 10%., N*(1620}
R '1.‘+s‘ iz 22 A(1700)
M, [GeV/c?] A(1910)
18
. 16; % model1 “ similar m
— M
i [FR A(1232) missing in UrQMD
g“_s”:j_ o N(1440) much more in GiBUU
g N(1520) much less in GiBUU
= o N(1440) and N(1520) similar in UrQMD
§ ar i N(1535) much larger in the transport codes
a4 N(1680) overshoots in UrQMD
G1 | I1.|2‘ | I1.|4I | ‘1.|6| | ‘1.|8| | ‘él | ‘2f2

M™ [GeV/c?] Witold Przygoda (NSTAR 2015) 31
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o
= e
3] o

el
=

dN/dM - 1/N [ 1/ (GeV/c?) ]

+ Data

_— e
—p—e'e .
—A(1232)—=pe’e
R—pe’e
n—-rg’e
——Tee

n m—yeten |
" * ---A(12§2)¢c—>pe en

8 1 12 1.4 1.6 138 2

(= =]
T T T

M2 [GeV/c?]

miss

"QED model”

point-like R->Ny" vertex

M. Zetenyi, G. Wolf

Phys. Rev. C67 (2003) 044002

Witold Przygoda (NSTAR 2015)

Exclusive p+p @ 3.5 GeV (dileptons)

10 C + Data

— < Data
o 08 v’ constant eTTF
Lo —wn—e'e .
> k —pogie v' no off shell coupling
[0h) - —A(1232+)7>pe e
IR ?H R;p"‘e to vector mesons
~ N .
P ENG 8 : ? — lower limit for
0 R * e*e emission
- ~
= v’ experimental 6
5 for o/p used
10-6|||\|||\\||\\|||*\ \\/I [ IR
02 03 04 05 0.2 0.7 08
M+ [GeV/c .. .
- | ) v missing yield related
X
— , to low mass resonances
S
> 20
@ L 1
S }
2610; //-—\
— i + /\//
% 5:_ % / \\
L
0__ ,,/‘ TR A | |‘\ﬁ\\
1.2 14 1.6 1.8 2 2.2

M2 [GeV/c?]

nv
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p+p @ 3.5 GeV (pN coupling)

100

el

dN/dM - 1/N_ [ 1/(GeV/c?) ]
l:.'n

e Data
—-GiBUU-total
----- modeld
—m—oete
— A(1232)—pe’e’

R—pp—pe‘e

$

0.2 0.3

M*e [GeV/c?]

04 05 0.6 07

nv

08

-6
30x10
C + Data
i A —GiBUU-total
25__ .'.. ..I‘ —m—-e'e
I + -
- L —A(1232)—pe’e
H R—-pp—pe‘e

el

n
o
T T

dN/dM - 1/N_[ 1/ (GeV/c?) ]
I_Ol‘l T T Iz‘n‘\ T T

19y
T

= | |
1.2 1.4

1.6

1.8 2 2.2

Mo [GeV/c?]

Branching ratios (in percent) for R — Np

nv

Resonances GiBUU UrQMD | KSU BG CLAS
N*(1520) 21 15 20.9(7)  10(3)  13(4)
A(1620) 29 5 26(2) 12(9) 16
N*(1720) 87 73 1.4(5)  10(13) -
A(1905) 87 80 <14 42(8) -

Witold Przygoda (NSTAR 2015)

KSU: M. Shresta, D.M. Manley

Phys. Rev. C86 (2012) 055203

BG: A.V. Anisovich et al.
Eur. Phys. J. A48 (2012) 15

CLAS: V. Mokeev et al.
Phys. Rev. C86 (2012) 035203




O (mb)

HADES physics for pion beams (2014)

rt'p-.}l{':.h.{ T '

. [
0.0] ———1— 1 R o N A R R R
1 11 121314151617 1819 2 21

sqri(s) (GeV)

= improve the very scarce data base
for pion-nucleon reactions

= differential distributions
are even more scarse (or missing)

resonance excitation can be
controlled by the variation of the
projectile (pion) momentum
HADES starts with

p =0.656/0.69/0.748/0.8 GeV/c
Vs = 1.46-1.55 GeV: N(1520)
n+7- production:

coupling of p to resonance

most of data 1.3 <Vs <2 from
Manley et. al PRD30 (1984) 904
based on 240.000 events

(no differential distributions)
e+e- never measured from pion
induced reactions

resonance Dalitz decays
R—Ne+e- (reference for p+Nb)
strangeness production of
nucleus: K=, K%, ¢ »




pion beam for HADES (2014)

pion momentum determination: Ap/p =0.1%

I
10 7 - v —
e .
B = S B
8w o . e ili
& » g silicon sensors start detector
< e dispersive plane P
= ‘= | \ / N N -
F=SRT- L] . pion target izt >
g dipole Vo N ! .
o . \ quadrupole / 3m ' \
S s I \ < T HADES target
O p+Be 3.5 GeVv - :_‘_‘_‘,'
10° * CHBe 2.0 AGeV .- (x1, y1) (X2, y2)
A
pion momentum [GeV /¢l
= reaction: N+Be 8-10-10%° N, ions/spill (4s) P a0
» secondary w with | ~ 3-4 - 103/spill @ 0.7 GeV/c | & L
. . o o o 4—
e limited by the radioactivity safety i
. A 10 I
= pion momentum Ap/p =2.2% (o) and -
~50% acceptance @ central momentum I
" in beam tracking system: (X1,Y1/X2,Y2) for I
06 065 07 07 .08

Reconstructed momentum [G8Y/c] '



tools & strategy & objectives

* analysis of single and double meson production in photon- and pion-induced reactions
yp - wN,nN,KA, KXY, N, tnN
N - TN, NN, KA, KX, ttN

* energy dependent approach

* partial wave aplitude parametrization (poles: BW —i.e. energy depentend)

* combined analysis of lareg number of reactions

* D-matrix analysis

* w~ p measured with: (CH,), polyethylene target, PE and carbon (C) target
* four beam momenta: 656, 690 (large statistics), 748, 800 MeV/c
* elastic scattering
identification: T™p > p
events from C target identified in PE events
comparison with SAID database & solution
luminosity extraction : Npeam @ P diarg
absolute normalization of other channels via a,;/N;
* two-pion identification in channel: nt* ™ (exclusive channel via missing mass)
partial wave analysis focused on N(1520) and p production
* dilepton identification in channel: ne™ e~ (quasi-exclusive channel)
baryon resonance Dalitz decays and two-body p decay



elastic scattering — SAID database

http://gwdac.phys.gwu.edu/analysis/pin_analysis.html
e proton energy

Plotted data is for I’L.T\B= 685.00 to I’L.L\.B= 695.00 220 .
Il’l-p DSIG poB: mnl.oo UN-INormal:zed | | | b Vs = 1.489 GeV loss in target
)i J wE (rec: 1.476 GeV) momentum loss
180~ _ ~ 0 ~4%
. 690 MeV/c ©r 0~ 1.2%
W'Y . 120 .
] b OIM (fixed p)
i anf— Vs= 1.48 GeV
o= 0~0.75%
] 20—
- 203—
7 q; I 1I.25 13 1.35 14 'itIL".I) 1.5 1.55 = I1.|6I ) I1I.|65II I I1.'.!"
pr invaraint mass [GeVic?]
L very slow protons p < 300 MeV/c

36276 57415/31339 P+=27207/13354 P-=22681/11978 CX=
PI-N data VPI&SU 01/09 Arndt 03/20/12

o 0. (deg) w109 _at polar angles 6 > 60° (0,,< 60°)

o( 60° < Ocy, < 110°) =3.07 mb

Witold Przygoda (NSTAR 2015)




elastic events — comparison to SAID

g TP Miss. Mass? 690 MeV/c
10° T
105; f ol PE target =  based on phases.pace MC simulation:
P _._ D, Carbon acc & eff co.rrectlon i
1045 | ' i = exp normalized to the same area for i

60° < O, < 110°

10T~ °°° [ —— e
= x10
102 J‘,‘ M "] reof
EI H’HI “H”ﬂ ”M"J—‘l Ly v v v b v L 1y |r|L" Ll i E ---------------- HI
0.1 -0)08 -0.06 -0.04 -0.02 0 0.02 0.04 006 008 0.1 800r @ |
v S |
. - I
= Csubtraction 600} S I
.. . - i
= Clow missing mass tail s00f D :
scaled down to fit PE tail (blue) e !
200 © I
- 1
ol s LI LI LI LI LI XL I,

I ! L ]
40 50 60 70 80 90 100 10

(pd)f;?;;? =4-10%% at/cm? |



C subtraction, m*rt — reconstruction

40000 —“é 690 MEV/C 60000 | - o = 17 MeV/c?
35000 = - o - ,
30000 _g : 50000 | missing EWHI;A—.39 M4e\1/{/c
zzgzzﬁ scaling: w000t  mass es? ution: 4.1%

| from - _ :
- elastic 30000 |-
10000 O -
5000 —Z events 20000

8-:2' B e o7 o 100003_

- invariant mass s ; n |

(9?_5 0.8 l'.).85I | b 3 IDI..éJISI | 1 I-I1I.l|le5l I I1.1I I I1.15 1.2
red: 35-42% C background (quasi-free mp)
peak shift due to energy loss in a target

656 42.64 0.856
T+7- cross section (uncorrected)
690 878.38 0.858 within the HADES acceptance

745 LLos | reduction on acc * eff for
800 42.08  0.889 n+m- phasespace mc: 5.3 — 6.3 tifnes




(n t*rr) — events with signal extracted

o N B O

*
—
_O‘A’

————— 690 MeV/c
black .
total PE

red :
bg: total C 1

green
bg: from PE

1 | 1
0.4 0.5

‘ . 0.6
M7 [GeV/c?]

e goal: separate signal (rtp)
from background (rtC)
based on PE events and C events
e relative normalization of PE events
and C events deduced from
TUp elastic scattering

procedure: event from C correlated
with event from PE based on ¥?
( miss. mass + momentum of t*, i, n )

PWA done with:

v’ four it data samples from HADES
v’ photon- and pion-induced reactions



x‘l_U_al .

in the acceptance

,,,,,,,
ertt hLt

04 05
M"Y [GeV/c?]

" 0.3

— 501 o*

- the same (exp) area N

— T T T T T — T T

pwa normalized to o

101
5_
Tt
= -0.5 o 0.5 1
cos(e) "

— 0.4
O
£0.35F
o 03}
0.25
0.2
0.15F
0.1}
0.05F

0.25

c[mb]

0.2

0.15}

0.1

0.05

0.3

‘‘‘‘‘‘‘‘‘‘

e
M"Y [GeV/c?]

0.5

o absolute

L]
LT LY

>
Fese, sete®

normalization

PWA results
(n )

example
projections
690 MeV/c

very preliminary!

LEGEND
— A(1232)1
— N(1520)
- - -pN
— pN(939)
oN(939)
— N(1400)m,




PWA results (n ") — cross section

% LEGEND
ol } ’ | PWA solution B — A(1232)n
I describes ©
Al | cross section g — N(1520)
i i ith = - -
I 1 Wi T PN
I //— g 20% =8 — pN(939)
2" C | uncertainty g oN(939)
| — N(1400)r
10.46 1.48 1.5 1.52 1.54 1.56
Vs[GeV] o
in this energy range
USEFUL INFORMATION cross sections: 5-7 mb

(Landolt-Bérnstein Database)

FOR DILEPTON ANALYSIS

N(1520)D,; coupling to pN: 24-26%

Total pN contribution: 1.54 mb (for 690 MeV/c)

Manley PWA analysis (Phys. Rev. D30 (1984) 904) predicted much more!




e*e invariant / mlssmg NERS

; f PE: N_,. 12.580 f
A C: N.. 8560 -
© 10 - —
:
10° g F++ E
0 01 02 03 04 05 06
min_ [ GeV/c? ]
. x10°
270 0.9 <mMsS <1.03 [GeV/c?]
7 +
° 5* n
of +++++ + j
: $ 4 ' :
ERIITNTAL oo
- * o
(()).1 02 03 04 05 06

MY [ GeV/c? ]

-

o
X

——
O

e 2 O B B B I
(00] |
o

(o]

—

Qﬂ; > 0.12 [GeV/c ]

!

Bt <Ll Y
miss [ GeVic? ]

black dots — PE data (e*e" signal)

red — C data (scaling based on elastic events)
black dashed — PE combinatorial background
red dashed —  C combinatorial background

Signal inside missing mass cut:
PE: 700 counts, C: 400 counts
C contribution in PE: 50-58%
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Baryon resonances Dalitz decays

huge effect of spin-parity of baryon
resonances for their Dalitz decays

at high masses

1 0'4 =

10° |

dr/dm? (Gev™

N W

+

A(1232)

0 0.1

M. Zetenyi, G. Wolf
Phys. Rev. C 67 (2003) 044002

differential Dalitz-decay width

of hypothetical resonances

with the same mass and photonic
width but with different spin-parities

Witold Przygoda (NSTAR 2015)
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ete  simulated cocktail

LEGEND
total — total (scaled to m°)
— [9.2 mb] ¥ > eteTy
2*10 (- ete7y)
— [1.0mb]n — eteTy
— [20.5 mb] N(1520) » nete~
— [8.4 mb] A(1232) > nete™
CS need to be multiplied by BR

do,../ dm [ mb/(GeV/c?) ]

o ol

N

1 ¢
0O 01 02 03 04 05 06

Dilepton cocktail "
Ingo Frohlich et al. .
" PLUTO event generator + (acc * eff) filters

(includes realistic momentum distribution of nucleons in carbon}s

—
<
[4;]

Branching Ratios
n’: 0.012, m: 0.006
N(1520):4-10°, A(1232): 410"




e*e cocktail PE target (

missing mass for m%,_ > 0.12 [GeV/cZ]
components are shown only for carbon contribution

A LEGEND S
14— : I ex
' — total PE (p+C) = >'M we | S H P
o — 1° Dalitz s §
10~ — n Dalitz S +
C =1 ©
8- — A(1232) Dalitz - |9 + +
B el g + +
3k wis
n B (¢}
- i—| O
£ ] - | & + + +
- _I-l_._ *I"" 2:_ : * +
0 — :BJH L -.-||-¢-|||||||||||||II|IIII|>LI|

L||||||||||||||||||||||||||||||||||||||| gl
06 07 08 09 1 11 12 13 1406 07 08 09 1 11 12 13 14

g e/

mIvss [GeV /c?]




e*e cocktail PE target ( )

invariant mass for 0.9 < m"™s5 < 1.03 [GeV/cZ]
components are shown only for carbon contribution

o LEGEND Gim F eXp
}L : ::)taD I IIDiEZ(p+C) - : * #FH
T AN

IIII|IIII IIII|IIII IIII|IIII|III u-llll II|II
01 016 02 025 03 035 04 045 05 055 01 015 02 025 03 035 04 045 05 035 06

it toev/)

m,_ [GeV /c?]




14

12

10

2

0
0

e*e" cocktail PE target (with )

missing mass for m2%,_ > 0.12 |GeV /c?|

= contribution from n*rn” channel (PWA analysis): cross section 1.54 mb
= VDM scaling ~1/M3 - much higher BR than the value at the pole

x10°° x10°

- LEGEND o

B Im I X

[ 3 — total PE (p+C) | b 5 H exp

n — % Dalitz 3

- — n Dalitz 12 S

: — A(1232) Dalitz | f| T +

n — p > ete- f| @

N iy + + +

- - wv

| TEA i TRl

: iF +

- sH 2 ++

3 1 O 2 . + +

L o 2

B == = L " +

N e I T e iillLIJ_tl'IIIL.:tliII|IIII|IIII|IIII|III||*LI|

b 0.7 08 0.9 1 1.1 1.2 1.3 1406 07 08 09 1 1.1 12 13 1.4
A et Gersc -




e*e" cocktail PE target (with )

invariant mass for 0.9 < m"™s5 < 1.03 [GeV/cZ]
components are shown only for carbon contribution

T B |y
_ jﬁﬁl = ¥ ﬁﬁﬁ

_ S + 4

B__ ﬂ % - *++$+ H + * **

0 0.1 02 03 04 05 06 0.1 015 02 025 03 035 04 045 05 055 06

R

m,_ [GeV /c?]




Dilepton production in pion-nucleon collisions in an effective field theory approach

Mikl6s Zétényi™ and Gyorgy WolfT
We present a model of electron-positron pair production in pion-nucleon collisions in the exclusive reaction
7N — Ne'e . The model is based on an effective field theory approach, incorporating 16 baryon resonances
below 2 GeV. Parameters of the model are fitted to pion photoproduction data. We present the resulting dilepton
invariant mass spectra for =~ p collisions up to /s = 1.9 GeV center-of-mass collision energy. These results are
meant to give predictions for the planned experiments at the HADES spectrometer in GSI, Darmstadt.

VN

.l
Ny S

\‘\\ \\\H / \\\. \\\\ h2 h2 h2
@ (b) N (© (d) v ) ro. P
= +
\ si// JFL/ J/ h, b, hy
A\ S s

\ > ‘\\ X

f\_/\/\§ S
/ P ¢ NN VMD form factor:
SN ® @ ) e k
Fymp(k®) = ——
22 1SR (k2
Feynman diagrams contributing to the proces 8p k= —mj, +IVET (k%)
T+N->N+et+e”

a) s- b) u- ¢) t-channel diagrams d) contact interaction term

k? instead of mg

e) vector meson exchange diagram

f) s- g) u-channel baryon resonance contributions 20



e*e” in effective field theory approach

100 T T T T \ ' ’ total m—
VE=15Gey (BT
10 by S
; N(1680}—N(15203) e
S 41 < i .
= 041} % |
5 Vs=1.9 —— 0
© 1.7
0.01 F : 1.5 e
1.3 051
1.1
0.001 S SR P— y , . . , ,
0 01 02 0.3 0.4 05 06 07 08 09 1 0 0. 02 03 K 05 06
dilepton mass (M) [GeV/c?] mé’i”e_ [GeV/cZ]
Zetenyi & Wolf: higher /s = 1.5 GeV (™ p) Folding the model with
HADES: \/s = 1.492 GeV (™ p) and /s = 1.461 GeV(t~C) | 1-dim (acc*eff) curve:
10‘5++ 10‘5E
B s i
e T |
10—8:_ + H 10—6:_
51 O.‘II - |0.|2| - |0.|3| — |0.|4| - |0.|5| - IO.G 0] | |0|.1| — |0.|2| - |0.|3| - I0.|4| - I0.|5| — 0.6



SUMMARY

" resonance production in NN and ntN via exclusive chanels
within PWA (Bonn-Gatchina approach)

= selective study of ete™ production from Dalitz decay
of resonances—» sensitivity to baryonic resonances

» time-like electromagnetic structure / coupling to pN
Recent pion beam experiment:

= very promising data: mm~ and ete”

" expected determination of N(1520) coupling to pN

" ruling on controversial yield predictions
(destructive interferences w/p)
= continuation at SIS18 in 2017-18

Witold Przygoda (NSTAR 2015) o2



CREDITS
The HADES Collaboration

Special thanks to Andrey V. Sarantsev (Bn-Ga group)

Witold Przygoda (NSTAR 2015) 53



BACKUP SLIDES



e*e” cocktail ingredients “cookbook”

= contributions from rtp and mC added together (ratio 1 : 2 experimentally deduced)
p mom. 0.69 GeV/c (Vs=1.492 GeV) mC average Vs=1.461 GeV (mom. 0.65 GeV/c)

0 Dalitz from: 9.2 Landolt-Bornstein N(1520) — 45%
np - nn® constant (£1 mb) for N(1440) — 45%
0.6 < p<0.72 GeV/c N(1535) — 10%
single ® Dalitz from: 2x 1.8 Crystal Ball A’ - (Nm)m®
n~p - nn'n® 3.72  Landolt-Bérnstein - (Nm)eTe y
np - pn sum: 7.4 (for s = 1.461 GeV
20% reduction)
A Dalitz from: 8.4 From single and A’ - nete n?
T p—- Al double pion
(isospin relations)
N(1520) Dalitz from: 20.5 Phys. Rev. C86, Wolf / Zetenyi “"QED” model
n p - N(1520) 065209 (2012) (pole) BR=4.0- 107
N(1520) - ne*e”
n Dalitz from: 0.3 (p) Parameterization from
T p—nn Landolt-Bérnstein
0.7 (C) (see next slide)



n contribution (mainly from C)

bin
sart(s)  p(sqrt(s)) XS_eta  product 1 cross section in -C at 0.69 GeV/c

o8 1,487 4,70E-02 03 0,0141

99 1,492 5,10E-02 09  0,0459 ' ~ O'(\/E) . P(\/E)

100 1,497 4,47E-02 1,76 0,078672 0,09 .

101 1,502 3,87E-02 22 0,08514 0,08 P — probability of
, © 1o 1,507 3,74E-02 2,42 0,090508 0,07 given \/Ein N
2 ‘g 103 1,512 3,05E-02 2,7 0,08235 006 - _
_8 7 104 1,517 2,48E-02 2,87 0,071176 ‘g 0,05 collision in carbon
c & s 1,522 1,96E-02 2,94 0,057624 ;0104
© :o 106 1,527 1,56E-02 30,0468
— @M 107 1,532 1,21E-02 31 0,03751 0,03

108 1,537 7,88E-03 3,1 0,024428 0,02

109 1,542 8,00E-03 32  0,0256 0,01

110 1,547 5,88E-03 3,2 0,018816 0,00 .

111 1,552 2,94E-03 3,2 0,009408 1,48 1,49 1,5 1,51 1,52 1,53 1,54 1,55 1,56 1,57

112 1,557 1,64E-03 3,2 0,005248 s

113 1,562 1,29E-03 3,2 0,004128

SUM 0,697408

parameterization cross section in m-p

3,50

A.V. Anisovich et al. (Bn-Ga)
Eur. Phys. J. A47 (2011) 27
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o [mb]

1,50

1,00

0,50

L o haemer T FITISA :_::-;I:‘:.‘h-.“-.-TII_‘-.:'_:._‘-:-...:_:I . 0.00 »
e Thixl L 1atd e o 1,48 1,49 1,5 1,51 1,52 1,53 1,54 1,55 1,56 1,57
w MeV ’ T )= ’ 1 y ' ' 20 =

cm?




p contribution (off-shell)

= contribution from ' channel (PWA analysis): cross section 1.54 mb
= VDM predicts scaling ~ 1/M?3 resulting in
much higher BR as compared to the value at pole

°T I

Line #1 | r 4 — 0 + N2 f”p rta—Llete™
mass rho_XS VDM (1/m3) product |,_a\/[(ﬂ- v _} f_.’ _> e i )| p— . - p p

3,04E-01 4,19E-03 15,61366255 6,55E-02 (‘1 — .!-”.2 )2 + 'I'}E.Zrz
3,14E-01 1,05E-02 14,20091609 1,49E-01 P P P
3,26E-01 1,68E-02 12,66505858 2,12E-01
3,37E-01 2,10E-02 11,50844232 2,41E-01
3,48E-01 2,52E-02 10,41514376 2,62E-01
3,59E-01 3,14E-02 9,455788455 2,97E-01
3,68E-01 3,14E-02 8,842060636 2,78E-01
3,81E-01 3,77E-02  7,96530894 3,01E-01
3,90E01 4,19E-02 7,382426161 3,10E-01
4,01€-01 5,03E-02 6,813086495 3,43E-01
4,11E-01 5,56E-02 6,301052508 3,50E-01 .
4,24E-01 6,186-02  5,73892679 3,55E-01 even 4 times more
4,34E-01 6,60E-02 5,360496552 3,54E-01
4,46E-01 8,07E-02 4,959360928 4,00E-01
4,57€-01 9,01E-02 4,597528169 4,14E-01 p—>T+T- pete-
4,676-01 1,01E-01 4,314782768 4,34E-01

F€+€_ — i)]&t;/:\[;_?)_e_

Landolt-

Bornstein

1,40E-01 7 5,00E-01 4
4,78E-01 1,07E-01 4,013707862 4,29E-01 \ o001
4,90E-01 1,15E-01 3,739926802 4,31E-01 1,20€-01 ﬁ”\ 2 aoosor
5,00E-01 1,16E-01  3,50778875 4,08E-01 . s & €

1,00E-01 # & 3 350801
5,12E-01 1,19E-01 3,278724205 3,92E-01 = 4 \ >

e ] P \ 2 3,00e-01
5,21E-01 1,22E-01 3,098015318 3,77E-01 £ 8.00E-02 ! ;? g
533601 1,22E-01 2,903650904 3,53E-01 S oo # | 5
5,436-01 1,07E-01  2,73782466 2,93E-01 T f‘ '|l E **f’“ﬁ"’l
5,54E-01 9,75E-02 2,584269529 2,52E-01 4,00E-02 - { b% 10801
5.66E-01 7,23E-02 2,42132848 1,75E-01 2.00E-02 s \ LonEe
5,77E-01  2,94E-02 2,281757596 6,70E-02 s } 5,00€-02
5,89E-01 7,34E-03 2,152336802 1,58E-02 0,00£+00 > 0,00£+00 >
0,00E+00 1,00E-01 2,00E-01 3,00E-01 4,00E-01 5,00E-01 6,00E-01 7,00E 0,00E+00 1,00E-01 2,00E-01 3,00E-01 4,00E-01 5,00E-01 6,00E-01 7,00E-01
sum 1,74E400 7,96E+00 Mpr M., [GeV/c?]
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