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Previous Baryonic Studies with HADES

opp — p+ KT+ A/X" atT=35GeV [Waleed Esmail PhD Thesis @ RUB] opp — A+ KJ+p+at atT=45GeV This work
Total cross section: ~ 38ub for pK*A final state. Additional pion enables access to other intermediate
resonances.
Phase-space deviations: Hints of resonances within mass range of ‘
1.6 GeV/c?to 2.0 GeV/c? at 3.5 GeV [1-2].
BR = 69.2% N P
Dalitz plots: Show enhancements near p/A and K*A thresholds, not

consistent with uniform phase space.

No exotic states: No evidence for a deeply bound ppK™ state

T=4.5 GeV p \ T €T =789 cm

Served as a reference channel A\

] G. Agakishiev et al. 2015 Phys.Lett. B 742 242-248 T
2] R. Munzer et al. 2018 Phys. Lett. B 785, 574-580.

—
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Probing Baryon Resonances with Exclusive Final States

'\

pp — A + Kg + AT [prT]

This work at kinetic energy of 4.5GeV. D) —> JA\ + K+(892) [KSOJZ'+] -|—p > pp — AN —+ KSQ —|—p + 72'+
pp — ET(1385) [Ax] + K +p

.
® [nvestigating the production mechanism of N* resonances within mass
range of 1.6 GeV/c? 1o 2.0 GeV/c? at 3.5 GeV [1-2]. BR=69.2% . p
Primary
Vertex
e Coupling of N'resonance decays to strangeness with Kg and A as final &
state particles [1-2]. Y
=45 GeV p

e [otal and differential cross section measurements at 4.5 GeV with proton-proton reaction.

e Extract spin degrees of freedom via measurements of spin density matrix elements of K*.

—

(1] G. Agakishiev et al. 2015 Phys.lLett. B 742 242-248.
2] R. Munzer et al. 2018 Phys. Lett. B 785, 574-580.
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Higher Level Analysis Strategy

Previous presentations Current Focus

™M Incoherent combined fit on different parameters O Dynamic Coupled Channel Approach
to describe the data

dJulich-Bonn Model describes meson-
M Extract spin density matrix elements via the baryon interactions from various channels
angular distributions

O Estimating contributions from meson-
M Cross section estimates pbaryon channels
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M(pr )VvS M(z— n™)

HADES at /s = 3.46 GeV

2<|1(|):13|Il|||IIIIIIIIIIIIIIIII|IIIIIII_
1.6 HADES :
Analysis Step S B S/B S/v/S + B T/INE R —— Work in Progress ]
1 6.35 574 111 182.7 o 12 :
>
2 3.07 0.89 3.44 154.3 2 1
Fully exclusive Mg
(S, B in x10%) 3 3.03 0.81 3.75 154.7 2 0
4 268 035  7.69 154.1 2 06
5 2.0 0.15 13.1 136.2 0.4

Selection steps: (1) no cuts, (2) best)(lz)CA combination, (3))(13 L L B R B
and)(l%CA Cut, (4) downstream decay—vertex requwement, (5) 4C 1135 [ B N = 000 HADES Work in Progress _é
Kinematic refit. :
_ 1125 .

The fitted peak positions and widths are consistent across all the éms E
steps: ~ §
S AR N e :

1105 -

iy = 1115.67 £0.03 MeV/c?,6, = 2.15+0.03 MeV/c? ;
1095 .

Hko = 497.43 £0.05 |\/|eV/02, Ok9 = 5.31 £0.04 MeV/c? 460 480 500 520 T 1000 2000 3000 :

M(r*r) [MeV/c?] Novents / [2 MeV/c?]
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Missing Proton Analysis

A+KO+7t+X <60 -
pp —_— _|_ q _|_ T + N> 16? N> T T T T T T I L A
| | S —— Signal (5) g 1000~ — Signal (5) —
: : 2 14 2 B i
>3 A — Region [(2,4,6,8)] = - . — Region [(2,4,6,8)] |-
: \ S 12 Slgnal = 75,000 3 800— S|gna| = 20,000 ”} gion [{ ) -
: - +xt Region [(1,3,7,9)] i | | Region [(1,3,7,9)] | |
10— B i
l - .
. - —— Signal (SB sub) 600 — | — Signal (SBsub)
v 8 — i |
: i B N
— L .|. _ ]
prrx 6 Ty 400 — -
4 {1 Missing Proton 3 Full Exclusive i
B " 200— —]
70C ZM ++ 4 . _
60¢ M I I - -
% 02 04 06 08 1 12 14 16 18 2 055 e s BT
s0¢ MM? [GeV?] | | | MM [GeV?)]
40(
30¢ In the case of fully exclusive analysis, background contribution is low

Factor 3 more statistics by including events with a missing primary proton

%80 1090 1100 1110 1120 1130 1140 1150
M(r p) [MeV/c?]

Provides a better dataset to perform MB interaction studies
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pp — A+ Kg + AT [prT]

Data vs Simulations

< E Data Simulations
8 0.8 —I— Data
= —— Sim: 4-body PS (KAxp)
g 0-7 :_ +.-§:§' S|m: channe[ (ApK*) 6: L I DL L] I LI L I rriri I LI L I LI L I LI L L I LI L L ? 6 : LI N B | I LI B I I LI B I I LI B B I LI DL L) I LI DL L) I T 1T :II
© — i o _ - n -
Z 0.6:— & —r;.'—‘_'—l_ —— Sim: channel (K. AA™) 55 - PRELIMINARY - 55 - PRELIMINARY - 150
- E F'm; = S O - S —
— — v —— Sim: channel (Kng‘) [ i - - .
0'5:_ - . _ [ - . _ N ’
: | - L OOF p L SF ]
04— — > - - < u i
- v "‘ > I 1 > - .
A - I i o - ] 3
— + - - + - - @)
02— < 4 — <] 4 —
- O /)] - - O /p) e -
s R & i X : i
01— N _ i N u -
E = 3.5F . S 35F - 50
. n_JA." I I L 11 1 I I I | | I : : :
a')\ db: i u -
% 20 —F— DataPs 3 B 3 ]
O A5E R ; ] [ i
; 105_ b 25-||||||||||| I NI A B AN A A AT ||||||n 25-....|....|....|. PRI T R TN TR BT N N TN R .-|| 0
I 5§ 2 2.5 3 3.5 4 4.5 5 55 2 2.5 3 3.5 4 4.5 5 55
()] —
05+ . oo et e L e L e ™ MA(A Kg) [GeV?%/c?] M2(A Kg) [GeV?/c?]
1.5 2 2.5 3 3.5 4 4.5 5

o
B
o
—

t = (Ppoam — Parr)” [(GeVc)’]

e Data comparison with 3 body and 4 body simulations

e A ratio between data and AKQAJFJr shows an exchange like mechanism in low ¢ range

e Dalitz distributions has enhancement in low invariant mass region

Snehankit Pattnaik GSI-FFN 7 HADES Analysis Meeting June 23rd



Julich-Bonn Dynamic Coupled Channel Approach

F Julich-Bonn Model \

0A++
i N
Spectator A+ € - C.m energy of pp = AKGA

4
M, (q,p' €) = V(g p',€) + § | / dp p*Tx(q, P, €) G (D, €) Vi (D, D', €)
i = AK]

v =pp All possible meson baryon couplings
T JuBo T-matrix .
M tor channels Kernel responsible for the
k — 7N, AK, 2K . .. coupling of resonances to the

Matrix element _
for calculating final states

invariant mass
distribution
D. Rénchen et al. 2014 Eur. Phys. J. A 50 101

- Julich-Bonn Dynamic Coupled Channel (JuBo) - to extract the production mechanism of resonances which decay via strangeness in their final states

. Used for hadronic scattering and photoproduction processes such as pp — AKQAJFJr (with a spectator), pp — pAK [Oscar Cytron] , pp — pnzx™
[Saket Sahu] or N&t — ©N, KA

. T, (s) simultaneously describes every meson-baryon channel

. Work in progress - understanding MB contribution to pp — AKQAJFJr channel
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JUBo Fit Results

Data selection on fully exclusive events : S B
N - -
e mass constraint - M(z*p) to 1.23 GeV % 900;_ +++ t Data E
¢y S00F —Total Fit =
e Kinematic refit: § 700;— - AKSp E
o 600 } —A K Alp+nt]
- individual mass constraints - A, K2, A** g - > E
» NG ; 500;_ Ap K*[K°+n+] .
E 400:_ 0 > + —
= initial pp system energy momentum conservation - 4C g’ 3005_ Ks P Z{A+T] E
L - & HADES -
200 gy, Preliminary —
Signal events selected - 1.4 GeV? < M?*(np) < 1.6 GeV? 10 OE gl R 3
e N \_“TTm .__--;...,....,.,......__:."._m:‘ da, * . E
CLLL PR LT . GESNEE BEERSGALIAL,
Background - 1.6 GeV? < M*(n*p) < 1.8 GeV? 0 15 1.8 2 D 25 = 2 g

M (prt) [GeV/c?]
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Model applicability

e JUBO fit on M(AK?)

e Signal events - 1.4 GeV? < M*(n*p) < 1.6 GeV?

6 GeV? < M*(z*p) < 1.8 GeV?

- 1.

e Background

S*

HA DI

~ —+4— Data

Work in Progress

P11
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P VYIS 9:99:9:955:9:5:5:5:5:59

OOV OIS
I AT
AR5 57552575
PSRRI AI I A A A A KA

A A A AR A A A AFAAAAAAAAAA ALK,
A A A A A A A S A A A A A A A A IS A AT
KA A A A A A A A A A AA A A A AL
0V IIIS PO OO OO DI
PSH S A A IR IETR)
0090V OO OO DR D DDA
S5 7505765050675,
o A A A A A A A A A A A A A A

A A AAA A A AAA AL A AL

A A A AAAAAAA AT

AT
020 PO OO
FEHIHIHIHIK,
AT

Fit

| Background

p I ,,,,_ ,,,,77 f

o

&)

4

|
o
o
o8]

o o o
o o o
(o) < Q\

/N\3IN G¢ / SIUBAH

14/(n4-ereq)

S |

1A DI

~ —+4— Data

Work in Progress —

P11

Fit

] Background

[T ,,,,_ ,,,,77 r

‘ g3

|
o
o
o0

600 —
400
200

2O/ASN Sg / Sl

1

1

1

1

1

1

1
I |
el b |

n4/(u4-ereq)

:;::7::

i:;7:;::7::7::7::\

I ,,,,_,,,, 77ﬁ

22 23 24 25
M(K° A*™) (GeV/c?)

21

20

16 17 18 19

15

31 32

30

29

26 27 28

24 25

23

22

22
) (GeV/c?)

18 19 20 21
M(A K

17

16

L | HH
B I -
- © L '@
[
\ 2 g
[ m L _
- a m L
B - 8 = ‘
B O o M L I
o
B 7 I
o
B / I
- g “ s i : i
] & S
. - 2 I
=
i Nl < : |
| L fem L ! |
L i L 4
- . W I |
47;::7::j:;7:;::j:;::i::\ ‘,;::_,:;:
o o o o o o o o o T © i
o O o Te)} o Te} (@) To)
<t (0] (40 Al Al — —

DINSN O / SIUBAJ

14/(u4-ereq)

2.3

M(A A*™) (GeV/c?)

0
S

GSI-FFN 10 HADES Analysis Meeting June 23rd

Snehankit Pattnaik



Py Fit vs Data

Ratio: (Data - Fit) / Fit

(D —
@ F
o 6 L L L L L L L L 1 hy c —
g C | | | | | ] = - ——
o - i S 450 Data
o - — =~ L — . 0 A ++
= - 10108 = - 3-body PS: AKgA
© 55— — iL 400—
(D = — L S
~ — — 1 L = P11
- 4 —106 — L
g ~ ] -0 © 350—
5 SF - a - P11+P13
<o F 1 —0.4= 300E- { {H{_
< 45F N = .l. ]
= VL 1 —0.2 250 1]
B : — s/ ? i
4 4 —o 200E- T Wi : :
— g .
B — — S 5
- - - b T e P
- - 150 | et R AAup e
B B -0.2 — LR | MO ]
3.5+ — — A i, p AT ] -
- — e [
' - | f Flagggttr T o
- - 100 | e = 0 T e
— - -04 o /ﬁ////////// . o e TR #
- . ' Sl S
7
— — 50 S S S S S SIS e
3 | — S S S S SSLIIIERELSE Pl &
B L P RIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIKIKKK K S S e
- - -0.6 — B S S S o S | D e e
B - - O /B B B S P e S e i
25 _ -
“F I 0.8 C
- ] S5 1007 % —— Data / P11
2_| cooav v v v b b by Py | _1 g (}(} +Data/P11+P13
2 25 3 35 4 45 5 55 SC » —4— Data /3-body PS

6
M2(A K2) (GeV?/c?)

32 i}‘}%
N ) g ‘..&-';ﬂ_

85 05 T0 15 20 25 30 35 40 45 50
[ = (pbeam _pA++)2 [(GeV/C)Z]
The ratio of the Dalitz distribution has tiny deviations

The model applicability is performed across the entire trange

The fit with an additional P53 wave does not improve the ratio
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-t with Higher Waves

- Data — Fit | 4 L 4
Ratio: : T | _
Fit 5
Q

ob - 'i*v‘ﬁ’“t’iﬁ.} ------- -

Ratios are compared to the base case - P11 #

results in black.

L 5+ o 15 4+ 010 0 01 001 3 43 01 3 3 014 44
3.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8
M(Kg A*) (GeV/c?)

1.5 1.6 1.7 1.8 1.9 200 21 2.2 22 23 24 25 26 27 28 29 30 31
' ' o M(A Kg) (GeV/ ++ 2
Adding higher waves doesn’t improve the (AKs) (Gevic) M(A &™) (GeVic?)

reSUHS _I_ P11 —— S11+P11+P13+D13

The sideband events -

1.6 GeV? < M*(z*p) < 1.8 GeV?

(Data-Fit)/Fit

S S AV VU

are taken as background in the fit. #

2.2 23 24 25 26 27 28 29 30 31 3.2 1.4 1.6 1.8 2.0 2.2 2(.)4 2.6 5.8
M(A A*) (GeV/c?) M(Kg A™) (GeV/c?)
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Summary Outlook

e JUBo model applied to study contributions for N* = Short term: Systematic uncertainties
resonances in pp — ATt N *  with

N* - AK?

=|n progress: JuBo model application to

missing proton analysis.
o P, wave is sufficient to understand the data.

=|_ong term: complete partial wave

analysis.

Thank you
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Missing Proton Analysis

pp — A+ K*(892) [K{r*] + p e A

o N’ 8 - _ —

Data Simulations (GeV/e) (%)

SSFE TTTTTTTTTEET T T T T T T T T = 200 ) .
E PRELIMINARY E l 365 [1 ] = ] ...................... ...................... ..................... ........... —AK*p .................
_ _ 5— 1 . This work ) 4(é) 1;_ ...................... ...................... _+_ ..................... m:
(E (E 4.5E . % £ 35 > 8 08:_ ................. ..................... ...................... ;W0rk i P;rogress
-x-g xg 4:_ ] © O 0.6:_ e s — ] ST SIS
= ER: : 6.70 [2] seen -
o 1 04 [ L

MAA K) [GeV¥c4] MAAK) [GeV¥c?] O :

3: llllllllllllllllllllllllllllllll _ 0 7 87 [3] 156 02 ................ ...................... ...................... ................ .......... .................
3 : : :
4

M?(AK*) [GeV?]

e Data comparison with 3 body simulations

e A Breit-Wigner with N(2100) is used to model low invariant mass region

e Data points to dynamics more than a simple 3 body phase space behavior [1] M. Nekipelov et al 2007 J. Phys. G: Nucl. Part. Phys. 34 627.
[2] S. Klein et al. 1970 Phys. Rev. D 1 3019.

e A dynamic coupled channel approach to be implemented to draw further conclusions [31 M. Firebaugh etal. 1968 Phys. Rev. 172 1304,
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https://iopscience.iop.org/article/10.1088/0954-3899/34/4/002
https://iopscience.iop.org/article/10.1088/0954-3899/34/4/002
https://iopscience.iop.org/article/10.1088/0954-3899/34/4/002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.1.3019
https://journals.aps.org/pr/abstract/10.1103/PhysRev.172.1354

K™ Angular Distributions

3‘ [ | | L | L l | L | L L ’ L l L | L | I _]
— ﬂ. 2500— pOO = 0.387 +0.061 E Efficiency Corrected T
G DOOE T e T T T T T T S 2 - -
(\-) : I-IAI)I:& % Data _ o B —— Fit: (1-p ) + (3p,, - 1)cos*(8)
> 180K Work in Progress — Total Fit i 3 - x%ndf=3.27/2=1.63 §
D u - ==+ Background: ] 8 2000 B -
G 160F | i, T ACpr i { :
QA N . "': AKg Alp+m’] 7] | |
S 140F My tife, L Gp2lrr] - + N\
S o0f i Tt 7 TR 1500/ -
~ - = el . - N
9D 100 + + — - .
LLI il Igna ] - .
60 _ J i + N — Work in Progress  —
400 i : 1 = - :
20F L by 500 -
n;.lluulL‘l'!‘l'ﬂ"-l--ll-l N |.-|-.|"|"r-|-l- - : :
0.61 0.81 1.01 - | | | | | | | -
MZ(KOTE+) [GeV/CZ] 0 -08 06 04 02 0 0.2 0.4 0.6 0 0.8
S GO )K*—>K‘S’ r*
e Differential angular distribution of K** decays Within the our energy range p,, seems to
independent of the cm energy
¢ [he ratio between reconstructed over phase space
enerated map - acc x efficiency correction |
J P Y Previously pgg = 0.39 X 0.09(stat.) fg:(l)g (syst.) at
e Helicity frame used for estimating poo \/E ~ 3.18 with HADES.

G. Agakishiev et al. Phys. Rev. C 92, 024903
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Sideband Subtraction

= 600
© -
= 1400 MA(p+*) vs M2(A+KY2) - Signal
.’; : 3
12;; 560 :__ 1200 Y RN [ S—— S S— 400
c10 : )| E— S N S N S aka
: 1000 ::o\ 24 : .................................................................................................................................... 300
520 :__ E DI JNENE G [ R S— -
: ] 800 E o — Lo [
500 [T | B T e 200
[ 14 ... DO 100
460f 400 {ob | | | | 50
: : | |- | | | | |- | L | | 11 1 | 0
440F Y25 3 35 4 45 5 5
B 200 MP(A+K?) [(GeV/c?)]
4201 M?(p+7*) vs M2(A+K?) - Background
B : : : : : : : 3 ; ;
—l | 1 1 1 | I T | | L 1 1 1 | L 1 1 1 | | 11 1 | L 1 1 1 | L 1 1 1 | | 1 1 1 : I
4Oq080 1090 1100 1110 1120 1130 1140 1150 1160 O 28: ........................ ....... et 45
M(prt) [MeV] oG S S 40
: : : & B —35
» Signal region = 3o from the nominal mass peak. G 240 .
% R m— . 30
_ _ _ | | 2 o B .. 25
« A gap of + 20 is kept to avoid overlap with signal window. & e [EEEEE — B 0
o T C
| | | | S 16 — o S : 15
« Sideband regions of size 6o are taken from + 3o from the gap window. = e 10
1.2 f_ ............... | = 5
: | L1 1 | | L1 1 | | N I L1 1 1 | 1 1 1 I 1 1 1

 Region 2, 4, 6, 8 have a weight of -1/2, region have a weight of +1/4. 0

IIlli
Vo5 3 35 4 45 5 55
MA(A+K3) [(GeV/c?Y]

* Region 5 has a weight of 1.
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Events / (0.025 GeV/c?)

Snehankit Pattnaik
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—A K3 Alp+r']
A p KK +m]

II|IIII|IIII|IIII|IIII|IIII|IIII|]III|IIII|IIII

0 +
Ks p Z[A+T]
s HADES
1 Work in Progress
M V53 %,
.:,:-:..-‘.---..|.-....__:'""m. o -
m' _______ BRERSSAt Al

1.8 22 25 28

M (prt) [GeV/c?]

pp — A+ Kg + AT [pr™]

GSI-FFN

> 900 : <~ 600
§ 450F W'—"I?DPES t Data = §
(qD) 400; ork in rogress* —Total Fit _i 8 500
© 350 41 N 0, . E 0
S oo iR Y AR ; = 400
9'/ 3005_ I } *i ;o A KS A[p+TC+] _E 9
* 250;_ Ap K*[Kgﬂc*] E P 300
= 200:— 0 + — E
GC-) - o Ks p Z[A+T] . o 200
= A50F  Lapnitesi = >
LL E ] e, BE % 0 = LLI
1007 1+ b E 100H
58: ::E:.;ii::‘:.':':::li ;;;;; s s:ié.i%?% O :

pp — A + K7(892) [Kgﬂ+] +p

18

MQ(KgW) [GeV/c?]

A simultaneous incoherent fit is performed to the three different
iInvariant mass distributions.

||II|IIII|II|||II|I|IIII

o

......

st

s
= +
=

1

|
{ Data

—Total Fit

A p KK +m]
Ka p Z[A+7]

pp — X*(1385) [AzT] + K{ + p

The presented mass distributions are well described by the

combined fit.

|. Fréhlich et al., J. Phys Conf. Ser. 219 032039 (2010).
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https://iopscience.iop.org/article/10.1088/1742-6596/219/3/032039

Preliminary Total Cross Section

Pp Nevents Otot NR A++ 2+ K+ N Po
(GeV/e) (Counts/1000) | (ub) (%) (%) (%) (%) (%) [a.u]
3.65 [1] 1.04 1.41 65 35 seen - - -

This work
8.8 34 20 44 16 20 Hints 0.39
5.35
6.70 [2] 1.0 64 36 36 18 10 seen -
7.87 [3] 0.83 72.4 5.7 34.2 29.1 15.5 15.6 -

Observables from earlier experiments based on a one-pion-exchange model [2-3].

Previous experiments had lower statistics.

Preliminary cross sections values (total and differential) from this work compatible

with earlier results [1-3].

Partial wave analysis necessary to extract couplings and intermediate resonances.
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HADIES
i'." Work in Progress

o World data

[ | This work (4.5 GeV)

—h
<

© Al

= = 4-body phase space ~ (norm. to this work)

o e Ly

0.2 04 0.6 0.8 1 1.2 1.4
Q= Vs-fs, [GeV]

Cross section vs beam momentum, adapted from [1].

[1] M. Nekipelov et al 2007 J. Phys. G: Nucl. Part. Phys. 34 627.
[2] S. Klein et al. 1970 Phys. Rev. D 1 3019.

[3] M. Firebaugh et al. 1968 Phys. Rev. 172 1354.

[4]

5]

4] K. Tsushima et al 1999, Phys. Rev. C 59, 369.
5] G.Agakishiev et al 2014 Phys.Rev.C 90 015202.
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