Study of baryonic resonances in

the channel pp—ppn*n- @ E=3.5
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S PARIS

+
G
Ecole Doctorale Q
PHEN"CS}
Doctoral School (.
®



1.
Introduction



® N* and A Baryonic Resonances

Short-lived excited states of nucleons

J=1/2 Baryon Octuplets J=3/2 Baryon Decuplets

AO A+ 1 A++




® N*and A Baryonic Resonances
Actual state

Particle J©  overall Ny Nz Np No Nw AK ©K Np Ar Particle JE  overall Ny Nz Ny No Nw AK RK Np Ar
N 1/2Jr Hkkk A(1232) 3/2+ koK ok sokkok dokkk |

N(1440) 1/2Jr sk ok sokkk dokkk Hxk * Hkok A(1600) 3/2+ gk dokk ek o " Sk

N(1520) 3/2: ol okl kokorok ok ok ok A(1620) 1/27  dorxx Kk dokkok T HkE ok

N(1535) 1/27 Fokok K Fkokk  kkkk kkkk k% K A(1700) 3/27 - ke ke b wor sk

N(1650) 1/2_ Fokok K skkk  kkokk ko sk ok sk kokk A(1750) 1/2+ N " i

N(1675)5/27 ootk sokkk kR % * * *okk A(1900) 1/2- d

N(1680) 5/2F swexx Ak kR K ] ( )1/ T ** o * oo
_ A(1905) 5/27  sorxx Rk Fokkok d sk Kk ¥k

N(1700) 3/27 skx *k fkk ok * * * Frkok "

N(1710) 1/2+ sookok ok kkkk  kkokk ok k% kkokk Rk ok *k A(1910) 1/2+ okt o bk e * * o

N(1720) 3/2+ sokkok sk kkkk ok Kk k% dk % A(1920) 3/27 ok ok ok no ek o,

N(1860) 5/2F =+ ok ok A(1930) 5/27 sorx ok

N(1875)3/27 sk dkk ok wk ek sk ok A(1940) 3/27 = ** * F

N(1880) 1/2+ - « « ok % A(1950) 7/2+ Hokkok dokdok sokokok o sk ok Kokok

N(1895) 1/27 *x Kk K *x sk ok A(2000) 5/27F T ok

N(1900) 3/27 s ddck kk o kk wk kEk k% K Kk A(2150) 1/27 = * b

N(1990) 7/2F =+ wk ok * A(2200) 7/27 * i

N(2000)5/2% =+ k% ok sk ok k% A(2300) 9/2T #x ok d

N(2040) 3/2% * * A(2350) 5/27 # * d

N(2060) 5/27 ** Rk kk K ok A(2390) 7/2T « * e

N(2100) 1/27 * A(2400) 9/27 . n

N(2120) 3/27 *ok ko kX ok A(2420) 11/2+ g * sopokok

N(2190) 7/2+ dokokok sk skkdkok ek * A(2750) 13/27 *= *k

N(2220)9/27 swex - A(2950) 15/2F -

N(2250)9/27 stk Hokkok

N(2300)1/2F s+ ok

N(2570)5/27 *k

N(2600) 11/27 sokok ook

N(2700) 13/27 %% ok




® Study of baryons with HADES

@ Electromagnetic Dalitz Decay:
R— Ne'*e" (never measured before)
(predicted BR: ~ 10°)

Interest: electromagnetic structure of baryonic resonances
EM time-like form factor (eTFF).

@ Hadronic Decay:
Two body: R>N7w ,R—>AK
Threebody: R—> N nin

R— An—N nin

R— Np—N nn

Interest: Improve database for baryon spectroscopy.



Nope, not this one...!



® HADES

High Acceptance
DiElectron Spectrometer
(GSI, Darmstadt)

Mission
@ Study of hadronic matterin
A-A, p-A, TT-A collisions.

@ Study of baryonic resonances
in p-p,d-p, and p- 1 collisions.
(Baryon (N*, A) spectroscopy)

target
START

> Acceptance: Azimuthal angles 85% (6 sectors)
polare angles: 18° - 85°

~Detected particles: e, p, & K*

>Tracking: MDC

~e*identification with RICH, TOF/PreShower
>p, ©t, K* identification TOF-Tracking







G. Agakishiev et al.
Eur.Phys.J. A50 (2014) 8

® Motivation

pp — npn*, pp — ppn® and pp —> ppe‘e’ E=35Gev

Cocktail of baryonic resonances obtained from the 1 ©t production
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Effect of eTFF of the i {
Interest of the channel pp—>ppn*n: vector meson dominance i e
- Test the cocktail on the 2 pion production. type (coupling to p) =R=<,m. Lo, .
N

. Measure the p (p— n*1’) production direct and coupled to resonances .



2.
Study of the channel pp—ppm*m-
® £=3.5 GeV



® What to expect in the 2z channel

(¥)One resonance excitation  (v) Double resonance excitation (@) Direct p production
= " " T T T
TE+ U E - o © v ]
P R P P R, .-~ o ]
. ! - i ﬁﬁ ' ]
| n ; 107 4. E
102 : 3
RZ n+‘\, F :' HADES: pp—>p><§
10k o
. . . . F h 8 P+p = prp+p 3
Models that include simple and double excitation: E ! Tose
¢ Cao Effective Lagrangian model L B N
s'GeV]

X. Cao, B.-S. Zou and H.-S. Xu, Phys. Rev. €81 (2010) 12.
Few precise measurements

¢ OPER model (one pion exchange reggeized)
A.P. Jerusalimov et al., Eur. Phys. J. A51 (2015) 83.

¢ Transport models: GiBUU.

« Valencia model: E<1.4 GeV



® Data Analysis

() DST (Data Summary Tape): Calibration-> included tracks and physics observables, P, ToF, dE/dx...

(¥) PAT(PostDST Analysis Tool): Particle Identification + channel selection: 1+t~ and 1 proton at least

Velocity Vs Momentum s [
S2200]-
2 r
& 9 O2000—
g f B 1800/
chs - s
- " an .
t 12003
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L o a0 )
ni :
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h N ) : ) ‘ l‘; n m.i;‘-"‘_ﬁ'_‘-/;’l Al ] N
?: CUtS 05 ‘|‘1 15 2 (M::":)z cev?
squared

proton mass

(¥ FAT(Final Analysis Tool): File of events with all physical variables (invariant masses, angular
distributions...)



® Data Analysis

©@ Efficiency Matrices
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(¥) Background subtraction
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Data Analysis

o 2D histograms are a good indication for some channels
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3.
PLUTO++ Simulations

Pluto is a monte carlo simulation framework developed by the HADES collaboration for heavy ion and hadronic-physics
reactions.

. Frolich et al. PoS ACAT2007 (2006)



http://www-hades.gsi.de/?q=node/134

® Simulations

T
* One resonance excitation simulation pp — pR — pp 1 p R -~ D
> or(11) : from 1 1T production analysis* ) 5 Tm-
! p

Resonance BR(Nn) BR(Nan) (PDG)  oR(1xm) (mb)

N(1440) 65% 30-40% 15+ 0.4
0 -20N0O,

Ne20) S 200 LioJe= i PDecayChannel (PLUTO Class)

N(1535) 46% 3-14% 0.15+0.02 BR x |
N1520 — pr*n (0.04) (6% x 2/3)

N(1650) 80% 8-36% <08+0.1 N1520 — A**r (0.12) (23% X 1/2)
N1520 — Aex* (0.04) (23% X 1/6)

N(1675) 45% 50-60% <165+0.3 N1520 — pp° (0.003) (1% x 1/3)

N(1680) 65% 30-40% <09+02

N(1720) 20% >70% <44+07

A(1700) 15% 80-90% 0.5+0.2

A(1905) 15% 85-95% <0.8+05

*G. Agakishiev et al. Eur.Phys.J. A50 (2014) 8




® Simulation

* Double resonance excitation simulation pp — RR’ — pp n*n P &n )

> A*(1232) A°(1232) R - 0

> A*(1232) N°(1440) A,

» A*(1232) N°(1520)

» A%(1232) N°(1535)

» A*(1232) N°(1650)

» A™%(1232) N°(1680) — —— : —

> A™(1232) N°(1720) 3 s oo °

> A*(1232) A°(1700) 10, H@. oot

The BR(NTT) for the second resonance are the same as in 11T analysis 10_2;‘__ * H

« Direct p production simulation 1 .;. : HADE‘C:;:D:D:EXE

0 =70 pb (from existing data) ’ E f o
104U.Hé“I*i”'é”'é.”m

s"2[GeV]



® Angular Distribution Model doy 1

dt  t*
Angular distributions need to be implemented (isotropic in PLUTO)
. 1,321 . o- parameter* *1 r analysis

1R production: . 0 R t 5 16;)\ N

t = (Py — Pyogm)?if cos 0 <0 7 m— P gt N

t= (PR - Ptm'get)zif cos B >0 P : p o ¥\\*"\~\i

1 035— -
t, = ps (4-momentum transfer) T e

41 08 -06 -04 02 0 02 04 06 08
COS,(0)(pr

Phase space Before applying Acc. cuts

t= (PR:L — Pbeam)zif cos g <0 P . Ri I ) §
t = (P, — Pouyges) if COS 85, >0 i <
R, ~. g
1 1 ot 5
i
p production: %
!
)



4,
Analysis Results



® Invariant Masses R
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® |nvariant Masses

— data
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® Angular

Distributions

Angular distribution | —
Gives information
on the production
mecanism.

— data

AA

P
N(1440)
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N(1680)
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A(1905)
N(1675)
1R sum
2R sum
simulation

The angular distribution
model for 1R and 2R
productionis quite valid.
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1 Resonance

N*(1440)
N*(1520)
N*(1535)
N*(1650)
N*(1675)
N*(1680)
N*(1720)
A*(1700)
A* (1905)

BR(Nnxn)

30%
30%
10%
11%
45%
35%
80%
55%
90%

® Cross Sections

List of simulated 1R with the used branching ratios and the given
cross section

o (2rmanal.) (mb)

1.3+0.2
1.6+0.3
0.1+0.05
0.3+0.1
1.9+0.2
16+0.2
0.06 +0.03
0.45+0.1
0.01+0.01

15+04

1.8+0.3

0.15+0.015

<0.81+0.13

<1.65+ 0.27

<0.9+0.15

<44+0.7

0.45+0.16

<0.85+0.53

List of simulated 2R with the used branching ratios
and the given cross section

2 Resonances
AT+ (1232)N°(1440)

A** (1232)N°(1520)
A** (1232)N°(1535)
A** (1232)N°(1650)
A** (1232)N°(1680)
A** (1232)N°(1720)

A** (1232) A°(1700)
A** (1232)A°(1232)

BR(Nn)

70%

55%

46%

70%

65%

15%

15%
100%

a (mb)
0.95+0.2

15+0.2

0.3+0.2
0.05+0.04

04+0.1
0.05+0.02

0.06 +0.02
42+0.2

v'The resonance cocktail reproduces both 17 and 2n production. It gives additional consistency to the former dielectron analysis.
v'Based on the cocktail we estimate the total cross section pp — pp n*n : 0 ~ 3.9+ 0.4 mb




® Comparing to Existing Data

10—*; :"-"""*--h“ ) . pp—ppTt T j

I(}Zé é 10
E! loé— g {01
° l;g % Lo-2 DBE — Model

o | HADES Vs=318GeV ] exp. Daten

- 3 . Al N
o 10 107 1 PLap 1D GeVs/c 0
\s (GeV)
Lebedowicz et al., Phys. ReV D 81, 036003 J. Aichelin, Nucl. Phys. A573, (1994) 587.

 Total cross section compatible with existing data. (HADES 5~3.9 mb)
* o (AA)=1.3mb, compatible with OBE model




® Comparing to Theoretical Models

OPER: One Pion Exchange Reggiezed

AP Jerusalimov et al. ArXiv:1203.3330v1 [nucl-th] A(1600)
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® Comparing to Theoretical Models

Xu Cao effective Lagrangian model
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® Comparing to Theoretical Models

Xu Cao effective Lagrangian model
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» Only one 2R excitation
contribution: A** (1232)A°(1232) s as
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O

Tracking down the p meson
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® Search for the direct “p

Apply kinematical cuts to reduce the baryonic resonance excitation background.

0.8
0.7
0.6

M(p) = 775 MeV
[(p) = 149 MeV

0.5

do/dM (mb/GeV)

0.4
0.3
0.2
0.1

0

e b b b b b b b by
02 03 04 05 06 07 08 09 1 11 1.2

M_ () (GeV)

inv(



earch for the direct “p”

2.

M, (p7) (GeV)

2

LI T S B

6,,(P) (GeV)

1 11 12

M, (T'7) (GeV)

p simulation
E -' 250
:E 200

0

6,,,(P) (GeV)

[TTTT TTTT

. 1 11 12 0
M, (t*1) (GeV)

inv!

MI‘.‘I‘I.‘I.J'@H-I-) = 1.3 GelV

M, (pn~)> 1.3 GeV

Supress AA

B, (p) < 30°

Supress remaining
resonances



do/dM (mb/GeV)

® Search for the direct “p”
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® “p" Angular Distribution
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Table I. Y =2 states with zero strangeness predicted by the 490 multiplet.

Particle T J SU(3) multiplet Comment Predicted mass
Dy 0 1 10* Deuteron A
Dy, 1 0 27 Deuteron singlet state A
Dy, 1 2 27 S-wave N-N* resonance A+6B
Dyy 2 1 35 Charge-3 resonance A+6B
Dy 0 3 10* S-wave N*-N* resonance A+10B
D3, 3 0 28 Charge-4 resonance A+10B

Baryon Full Listings
DIBARYONS 1988 PDG

NN(2250) ELASTICITY NMN(2250) REFERENCES

ARNDT 87 PRDIS 128 +Hyslop Roper (vPy
YA IS DOCUMENT 10 comment TATISCHEFF 85  PL 1548 107 (IPN)
0.21 JAUCH 84 NN - NNx Deck + reso- Also 84 PRL 52 2022 Tatischeft Berthe! Combes Didelez+ (IPN+)
nance JAUCH 84 PL 1438 509 +Konig Krofl (wuPp)
011 1o 0.13 9BHANDARI 82 NN — NN PWA SIRAKOVSKII 84 SINP 40 273 +Kravisav Ryskin (LENT)

0 09610 012 10 SHAMU 82 np total cross section it Transiated from YAF 40 429
0.2 HOSHIZAKI 78 NN — NN PWA Also 84 P G9 L4187 Kravisov Tyskin Strokovskii (LENT)
* =+ We do not use the following data for averages, fifs, limils efc « -« m'ﬁ;:.‘ :gl :;82’: 22:‘4 shandari (Mu("';
005 8 FERREIRA 83 rdtorward omplitude FERREIRA 83 P G9 169 sMunguio (PUCB)
KLOET 83 NP A302 2714 +Tion TPy
lmrosa 82 INC 34 68 (\!I:;

DAKHN 82 PL 1148 409 L

NMN(2250) POLE POSITION Ao 828 SINP 36 83 Dokhno Kravisov Lobachev Mokarove  (LEN)

Transioted from YAF 36 143
GREIN 82 NP A377 505 +Kroll (SIN WUPP)
REAL PART SHAMU 82 PR D25 2008 +50Qa Shilts Lisowsk! (WMIU LASL)

Approximately equals the Breit wigner mass UEDA 82 PL 1198 281 (OSAK)
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Conclusion

(“)This analysis confirms the presence of three channels:
One and double baryonic resonance production, direct p production.

(¥) The results show consistency between one and two pion production
within the “HADES resonance model” .
(¥) The results present valuable inputs for theoretical models.

(v) p signal was extracted by applying the necessary kinematical cuts.



Sometimes the public says, “What's in it for Numero Uno? Am
| going to get better television reception? Am | going to get
better Internet reception?”” Well, in some sense, yeah. ... All
the wonders of quantum physics were learned basically from
looking at atom-smasher technology. ... But let me let you in

on a secret: We physicists are not driven to do this because of

better color television. ... That's a spin-off. We do this
because we want to understand our role and our place in the
universe.

i Dr Michio Kaku
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