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Motivation : Available data on total cross section of @ production

o [nb]

- - - - Phase space only normalised to pass through the
highest energy ANKE data

10°

— Parameterised including Final State Effect
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Motivation : pp -> pp® : What Next?

AHADES
ANKE (1050 nb):
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- - - - Phase space only normalised to highest ANKE data

— Parameterised including FSI

A = Marek Patka ’s Thesis

e = Excess Energy = vV's - Ethreshold




Motivation : pp -> pp® : What Next?
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AHADES . Expected to be
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— Parameterised including FSI

A = Marek Patka ’s Thesis

e = Excess Energy = vV's - Ethreshold




Motivation: Angular distribution

ANKE
Close to threshold: low relative angular momenta

between the two protons and between ¢ and pp system

do/dC2 [nb/sr]
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COS(@gp) : in the pp reference frame relative to the beam direction

cos(\Ifgp) : in the pp reference frame relative to the @ direction




Motivation: Angular distribution

ANKE
Close to threshold: low relative angular momenta g - A
between the two protons and between ¢ and pp system = '
P ¢ PPy 3 4+_|_++ A
© 3 E
COS(@gp) : in the pp reference frame relative to the beam direction ° ” an
, . . . T ]
cos(¥7 ) :in the pp reference frame relative to the ® direction ST ST T Tt SO T D

cos(O,)

Disto results pp 2.85 GeV (3.67 GeV/c)
Balestra et al. PRC63 024004 (2001)
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After acceptance corrections, ¢ angular distribution
is found to be isotropic

do/dQ [nb/sr]
3
l

20
It is expected as the measurement is close to threshold, ++++_*_—*—_,_—i——+—
(Q=83 MeV) 10 &
¢ In S wave relative to the protons " e 1
e 0.5 0 0.5

We are at much higher energy (Q=563 MeV), probably
higher partial waves




Motivation: ® meson Angular distribution and production mechanisms

Meson production mechanisms mesonic/nucleonic currents Theoretical study

K. Nakayama et al. Phys. Rev. C, 57:1580, 1998. 8.0 ' - ' ~ -
- - — - — Mesonic current

6.0 | — — — Nucleonic current -

2 — Total current
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FIGURE (6.6) Feynman diagrams for the nucleonic current (a) and mesonic current
(b) contributing to meson production in NN reactions.

do/dQ [ub/sr]

Calculation of angular distribution of w-meson

Nucleonic current > Mesonic current . Strong Anisotropy 0.0 -
Nucleonic current < Mesonic current : isotropic | o [deg]

Possible similar qualitative behaviour for ¢ ?



Motivation: ® meson Angular distribution and production mechanisms

Meson production mechanisms mesonic/nucleonic currents Source: Haldenbauer et.l, arXiv:nucl-th/9310069v1
K. Nakayama et al. Phys. Rev. C, 57:1580, 1998. 00 ——— L UL
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Calculation of angular distribution of w-meson cos(6)

Nucleonic current > Mesonic current : Strong Anisotropy e Angular distribution of & meson at Tiap = 2.85
lab = <.

Nucleonic current < Mesonic current : isotropic GeV and £ = 83 MeV

® Angular distribution is fairly flat

Possible similar qualitative behaviour for ¢ ?



https://arxiv.org/search/nucl-th?searchtype=author&query=Haidenbauer,+J
https://arxiv.org/abs/nucl-th/9810069v1

Motivation: ® meson Polarisation

(1). At threshold, outgoing pp pair in 1So state:
full alignment between spin projection of @ and incident pp pair

(2). Alignment expected to be diluted at higher energies, due to the contribution of higher incident partial
waves, K*-> K'/K"
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Motivation: ® meson Polarisation

(1). At threshold, outgoing pp pair in 1So state:
full alignment between spin projection of @ and incident pp pair

(2). Alignment expected to be diluted at higher energies, due to the contribution of higher incident partial
waves, K*-> K'/K"

Angular distribution of K™ in ®@ reference frame:

& | pp —ppd T=2.85 GeV-
_K 3 ')_K f)_K —gzo_ .
W(O,)= z[p“ sin” O 5+ pgoy cos” O ]. S
S 15
©
Theoretical predictions : Titov et al. Phys.Rev.C 59 (1999) 999 10

...... Zero alignment .

pOO = 0-23 +' 0-04, With miXture Of 1SO and 3P1,2 5 :_ pos — e — fu" a"gnment “. o
(expected at threshold)

| 1 1 ] | ] | | 1 I 1 1 | | | ] ‘ |

-1 -0.5 0 0.5 1
cos(6%")

| Source: Balestra et al., PHYSICAL REVIEW C 63 024004

11



Motivation: ® meson Polarisation

(1). At threshold, outgoing pp pair in 1So state:

full alignment between spin projection of @ and incident pp pair

waves, K*-> K'/K"

(2). Alignment expected to be diluted at higher energies, due to the contribution of higher incident partial

Angular distribution of K™ in ®@ reference frame:

W(O,)= > Lo sin’ O% + poo cos> OF].

Theoretical predictions : Titov et al. Phys.Rev.C 59 (1999) 999

poo = 0.23 +- 0.04, with mixture of 1Sp and 3P1,2

do/dQ2 [nb/sr]

Extraction of spin density matrix elements via K+/K- angular distribution

v’ ® polarisation
v’ additionnal information on production mechanism
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-l e Zero alignment -

S -/ ——— full alignment %

i (expected at threshold) i
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K+

cos(©y")

Source: Balestra et al., PHYSICAL REVIEW C 63 024004
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With this motivation, We Proceed Further



Objectives of this work : p(4.5 GeV)+p -> ppp|[K'K']

1) Inclusive production cross section of ¢¢ meson

2) Angular distribution of ¢p meson
3) « Polarisation via kaon angular distribution

4) Production Mechanism of ¢p meson

14



The HADES Detector - in detail

o
85 HADES UPGRADE

HADES experimental setup -\ \

High Acceptance DiElectron Spectrometer
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* Fixed target experiment.

* Large geometrical acceptance: full azimuthal
range and polar angles 18° and 85°.

e . Efficient track reconstruction and momentum

determination (MDC+Magnet) and particle

bhace 0 identification (RICH, TOF, RPC and ECal).

* FWD: polar angles [0.5°-7°].

Research Program

Experiments (2004-2022)

* Dense and hot hadronic matter studies: C+C (1 and 2 AGeV), Ar+KCl (1.75 AGeV), Au+Au (1.25 AGeV), Ag+Ag (1.65 AGeV).
* Cold matter studies : p+Nb (3.5 GeV), n™+C/W (1.7 GeV/c), i~ + CH2/C (0.7 GeV/c).
* Elementary reactions: p+p (1.25, 2.2, 3.5 and recently 4.5 GeV), d+p (1.25 GeV/nucleon).
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The HADES Detector - Particle identification for this work

Forward Detector

? ,..’m‘

PP =T [l |
Ey = 4.5GeV o 0.5°f STS1  STS2 FRPC

Veto

Straw Tracker

Inner TOF

]\

Beam Proton with Kinetic energy 4.5 GeV made to collide with Target Proton
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The HADES Detector - Particle identification for my work

T B Theortical Cu < N
3 —Elons 10°|® MDC used for (1).Tracking, (2) PID of particles © I
et B — KAons - RMS x 872.4
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“E” | — 10°
“ 10 =
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— Start
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= Veto ' ;
. Inner TOF_—" S—
. K~
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Outline

*» Analysis Strategy



Analysis Strategy

|_Strategy for PID_|
—————

using K*K"
PID

Inclusive ¢ production

19



Analysis Strategy

Strategy for PID

|

Using particle Energy Loss vs Missing mass for pp

its momentum and ppK™ cases
+

Mass cut (if any) /@

using K*K"
PID

Invariant mass Spectra l
of do-meson 3 particles detected , 4th

identified by missing
‘ | ‘ mass. |

Inclusive ¢ production Exclusive ¢ production
20




This analysis

v' focuses on both inclusive + exclusive channel
v' uses both HADES and Forward detector

But this talk

v' focuses on only Inclusive K+/K- using Energy
loss (ITOF and MDC) and momentum
dependent mass

2




Analysis details

“*Data Analysis ~ 15 x 10° events
*Integrated Luminosity = 6.46 pb-1

Methodology

»» Start with optimising kaon PID cuts
** Criterium: Significance of the ® reconstruction
** First look into the @ inclusive angular distribution

Simulations

< PLUTO + Geant for exclusive channel [pp->pp ®(K+K-)]

PLUTO: event generator developed by the HADES collaboration
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& meson identification

K+

(B.R. 3%)
P—PD

Ep, = 4.5GeV

(B.R. 49%)

/
\
K- /
\

etc




& meson identification

Pp—PpP

K+

do/dM., (mb)

Analysis by Rayane Abou Yassine
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& meson identification

K+

Pp—PpP
EK — 4.568"

K- This analysis



& meson identification

d) identified via hadronic decay channel:

o — K"+ K~

(B.R. 49%)



& meson identification

¢ identified via hadronic decay channel: ¢ — K‘" + K~ (B.R. 49%)

Reconstructed by invariant mass distribution of daughter particles:

MK+K — ((EK+ —I‘EK—)—(ﬁK+ "I"ﬁK—)) ¢

@



& meson identification

¢ identified via hadronic decay channel: ¢ — K"' + K~ (B.R. 49%)

Reconstructed by invariant mass distribution of daughter particles: o
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Particle Identification in HADES : Mass vs Momentum

3

Mass calculated from beta and
momentum relation as

Momentt':“m [Mev/c
(*))
3

S
3

(1—pB2)p?
/62

m:
1500

7

here, B = particle velocity/speed of light
p = particle momentum

1000

500

No Clear Kaon Signal in experiment

0 200 400 600 800 1000 1200 1400 :
1 Mass*polarity [Mev/c?] Is observed

K* =494 MeV/c2 (PDG mass) 0



Particle Identification in HADES : Mass vs Momentum: K+ signal

[Mev/c
:

Momentum

N
W
o
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Projection of mass spectra within momentum range

98000 (-
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g8000— Fitting-range: 470.00 - 520.00
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Particle identification: Step-1: Mass vs momentum from Simulation

000

[Mev/c]u

Momentum
N
1))
o
o

2000

1500

1000

500

0
-1500

Viomer

v ™ ‘

.« = e )

- U T
" Lo

~ el -

Cot ¢

» » .
R

o®e - ._":
" o e

" 3
- S -

- )’:.. :
“e.
I

I R L el S s i

-1000

K" =494 MeV/c2

B

A e _.:g-.s.-/:: -
S N TR

L SRS RS D E

500 1000 1500
Mass*polarity [Mev/c?]

I

K* =494 MeV/c2
32

1

Using PLUTO + Geant
for exclusive channel [pp->pp O(K+K-)]

Mass calculated from beta and
momentum relation as

(1 —B?)p?
/82

P

here, B = particle velocity/speed of light
p = particle momentum




Particle identification: Step-1: Mass vs momentum from Simulation

3000
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@
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2000
10°
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Particle Identification in HADES : Step:3-> Using K* Width on DATA

VIOITIE] il Vic

[Mev/c
:

2500

Momentum

2000 e K*region in data
e Blue lines: Width of K+ obtained from

1500 simulation (PLUTO + Geant) witho =+ 2.0

1000

500

-400 -200 0 200 400 600 800 1000 1200 1400

3

Mass*polarity [Mev/c?]

|

K* =494 MeV/c2 (PDG mass)
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Particle Identification in HADES : Step:4-> particle from (p,dE/dx) of MDC

0 -> 0 (D K+K)

'3 \ﬁ; ‘-O'JH WE UETE o BASALT £ RS WIEREr. AR T IR n
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e Comparison of Energy loss distribution between data and simulation (PLUTO + Geant)
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Particle Identification in HADES : Kaon from (p,dE/dx) of MDC
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Particle Identification in HADES : Kaon from (p,dE/dx) of iTOF

Matching of iTOF with tracks based of azimuthal angle of the tracks
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Particle Identification in HADES : Kaon from (p,dE/dx) of iTOF

Matching of iTOF with tracks based of azimuthal angle of the tracks
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Particle Identification in HADES (In Summary)

z hMass after dEdx_ cut
- - 3 108 1— Entries  5.157429e+09
PID for K” in the analysis ° "} o 3128
* K*region cut on (p, dE/dx) : — Nocuts
from MDC and iTOF - — (mass, p)
e charge >0 107 |- | ~ (dEe PO
e Mass cut with 6 = +2.0 from | - (R PR
simulation ; .
- m - i |
And, PID for K™ In the analysis
10° E— /
* Similar to K" -
e Charge <0 - g
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Invariant Mass
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Invariant mass Spectra (Min[K'K']):

counts

18

16

14

12
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x10°
| | | | I | | | I | | q
2 | ndf 157.8/ 26
Pp@4.5 GeV b .
Norm 1.891e405 + 3.059e+403 K
® DATA :
Mass 1020 £0.1 |
— Signal + bkg o 3+06 |
--== Voigt func.(Signal) r 5+0.1
Quad.fUnC (bkg) A -5.17e+06 + 2.04e+05
B 1.007e+04 + 3.975e+02
C ~-4.824 +0.194

?

1000

T

1

 d
v
L

|

-
-
S
-
o
o
.Q
...I

S/B: 0.08

S/\S+B: 79.74

Signal: 81384.75

0

10

1020

1030

1040
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1050 1060
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inv

Fitting function:

Signal: Voigtian function (Convolution of Breit-Wigner

and Gaussian function)

oo =

N AD /ex
dmgx  (27m)3/20 P

—0O -

(mgx —m')’

1

2072

(m/ —M)2+F2/4

dm’.

where,

A -> Normalisation factor; M-> Mass; o -> detector resolution

: Quadratic polynomial

We observe a very good significance

And number of @ produced
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Angular Distribution of ® meson using

PID from (p, dE/dx)-MDC + mass cut
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Invariant mass [K+K-] under different cosine range: Method
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e Reconstructed @ meson obtained for -1 < cosB <-0.75




Invariant mass [K+K-] under different cosine range: Method
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e Reconstructed @ meson obtained for -1 < cosB <-0.75

This is repeated for other cos6

intervals and simulation



Invariant mass [K+K-] under different cosine range: Method
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Differential angular distribution of ®

meson for different Cos (04,°™)
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cos(04 ") distribution- after bkg sub. + Normalised by events
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Cos(egm)

e |t is to be noted that Generated events are
Isotropic
e Strong distortion after reconstructed

e Here we clearly observed an anisotropic behaviour
e Also, experimental data seems to be more backward than
Simulation
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cos(04 ") distribution- after bkg sub. + Normalised by events
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Cos(egm)

e Here we clearly observed an anisotropic behaviour

Simulation

e Also, experimental data seems to be more backward than
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e It is to be noted that Generated events are
Isotropic

e Strong distortion after reconstructed




Efficiency * Acceptance using PLUTO+ Geant
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Efficiency*acceptance vs cos(04,“™) distribution

Q) 02 L | I | | I [ | | LI | I L | I 11 I [ | [ I LI | I | | l_l
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Differential Cross-section Vs cos(0¢ ") distribution

E 003 | I B | | | l 11 I P 11 I I 11 I | I | | I | | I | | I |

= Very Preliminary { Data e Luminosity is obtained from
S 0025 known pp elastic cross section
g and number of elastic events

E

< 002

E:: e Only negative part is
o < -

- considered

N 0.015 .

o e Stat. Error are negligible

O « Systematic error yet to
‘o - -

S oo Investigate

jo3

-

x

W 0.005

" .. Very preliminary result shows a strong
O3 —0B 04 -0. ' . 0.4 0.6 0.8 1 anisotropy of ® production in pp@4.5 GeV



Summary

e Very preliminary analysis of ¢ production in pp reaction at 4.5 GeV via K+K- decay (HADES data): signal extraction
and production angular distribution

e Using the complementaries of HADES detectors like tracking, time of flight and dE/dx technique

Next Step

e Large pionic background PID selection needs to be improved.
e Model dependence of efficiency * acceptance to be checked.
e Analysis of kaon angular distribution in reference frame to measure polarisation

Outlook
e Large ¢ vield » very good perspective for extraction of cross section, angular distribution and polarization (via
angular distribution of kaons) » information on production mechanism (OZI rule)

e Complementary to HADES data for ¢ » ete- measured simultaneously

o2



Thank you for your kind attention
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Particle identification: Step-2: Projection of Mass f¢ ontum range (&
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. . . po . PLUTO+Geant
Particle identification: Step-2: Projection of Mass f¢
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Particle identification: Step-2: Projection of Mass for diff. Momentum range
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Particle identification: Step-2: Projection of Mass for diff. Momentum range ['@&
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Affect of Graphical cut (p,dE/dx) on Simulations
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Affect of Graphical cut (p,dE/dx) on Simulations
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Affect of Graphical cut (p,dE/dx) on Simulations K-

Energyloss vs Momentum
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