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INTRODUCTION

L : 7Y
Fi PROPERTIES OF THE K*(892) LN

PDG table:

K*(892) 1P) =3(1)

K*(892)* mass[m = 891.66 + 0.26 MeV]

Mass m = 895.5 + 0.8 MeV

K*(892)° mass m = 895.94 + 0.22 MeV (S = 1.4)
[K*(892)= full width T = 50.8 + 0.9 MeV]

Full width ' = 46.2 + 1.3 MeV

K*(892)% full width I = 48.7 + 0.8 MeV (S = 1.7)

P
K*(892) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
K= ~ 100 %) 280
KO~ ( 2.39£0.21) x 10—3 307
K+ ( 9.9 +09)x10~% 309
Knm < 7 x 10~4 05% 223
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v

Available /s ~ 3.18 GeV
»p + p — p +K*(892)T + A
> /s ~2.95 GeV
»p 4+ p — p +K*(892)7F + O
> /s~ 3.02 GeV
K*(892)* — K2 + 7t — 7t + 7= + 7T

v
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INTRODUCTION

e (GOAL OF THE ANALYSIS @
MUNCHEN HADES

» To reconstruct the invariant mass spectrum (IMS) of the K*(892)%.

» To apply acceptance and efficiency corrections to the differentially
extracted yield.

» To estimate the total production cross section.
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MOTIVATION

T

= CURRENT KNOWLEDGE ABOUT THE K*(892)* 7A\

MONCHEN HADES

» No previous measurements of the K*(892)" at energies close to the
production threshold in pp collisions.

» The result will help to constrain parameters in transport models.

» The results can be used as reference measurement to pA or even AA
collisions, which will be capable of investigating in-medium effects.
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THE HADES EXPERIMENT

'I;ll'll THE HADES EXPERIMENT A

MONCHEN HADES

High Acceptance Di-electron Spectrometer @ GSI, Darmstadt

Shower

[http://ojs.ujf.cas.cz/ionty /hades/, 2016]
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il THE HADES EXPERIMENT /%R
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» Fixed-target experiment.

» Full azimuthal coverage, 15° — 85° in
polar angle.

» Momentum resolution 1 — 5%.
» Particle ident. via dE/dx & Tof.

» 1.2-10° Events in p+p at
Eveam = 3.5 GeV.

:""‘ —_—
[Agakishiev et al., 2009]
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DECAY TOPOLOGY

Secondary
Vertex (SV)

Primary
Vertex (PV)
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20, z W - 7 10t
Secondary 3 - :
Vertex (SV)

10°

10?
Primary
Vertex (PV)

MDC dE/dx [arb. units]

10

AN iiionis i A N
-2000 -1000 0 1000 2000
polarity x momentum [MeV/c]

[Agakishiev et al., 2014]

DiMITAR MIHAYLOV (TUM) PRODUCTION OF K*(SQQ)Jr Jury 19, 2016 12 / 33



ANALYSIS

T

ekl IMS OF THE K2 CANDIDATES

UNIVERSITAT
MUNCHEN

Secondary L
Vertex (SV) o 1500 L
:\T L
© L
> C
s 1000 —
= S
Primary s r
Vertex (PV) S 500;
=z L
© |-

p-val : 0.57
N 239 2.1k

M(K‘;) = 495.5 MeV/c?

o(Kg) =9.7 MeV/c?

S/B =1.76
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Secondary
Vertex (SV)

Primary
Vertex (PV)

DiMITAR MIHAYLOV (TUM)
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oo IMS OF THE K*(892)" CANDIDATES /@%\

> No cut on IM(7t77).

> The

dN/dM [(Mevic?) T

800

600

400

signal is fitted with a Breit-Wigner function.

N(K™) = 1839 + 446
200| M(K™) = 878.7 £ 6.3 MeV
r(K™") =535 +15.5 MeV

p-val =0.94

S/B = 0.03 o

750

1000

‘950‘ ‘
M( K3 ) [Mevic?]

800 850 900
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ANALYSIS

[u.l;l IMS OF THE K*(892)" CANDIDATES /@%\

> With cut on IM(7 7).

> The signal is fitted with a Breit-Wigner function.

Secondary [REISEER

Vertex (SV) 100 N(K™) = 2111 + 631

M(K™) = 880.8 + 2.5 MeV
(K™ =66.9 +21.1 MeV

S/B =0.25
Primary 50—

Vertex (PV)

dN/dM [(Mevic?) T

G T I
750 800

850

‘900‘ B
M( K3 ) [Mevic?]

950

1000
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v

Phase space limitations.

Detector resolution.

v

v

A Brei-Wigner function is incapable of modeling the signal.

v

Monte-Carlo simulations are needed for further investigation.
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5o SIMULATION OF THE K*(892)" PRODUCTION 1/{&}\

1.p+p — p +K*(892)" + A
2.p 4+ p — p+K(892)F + x°

> K*(892)T — K2 + «t

» Both channels are simulated with the PLUTQO event generator.

» The response of the detector has been simulated using HGeant.
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WORK-FLOW

Phase Space Factor (PSF)

Detector resolution ¢

Experimental data

[m] = = =
PRODUCTION OF K*(892)Jr Jury 19, 2016
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iy
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S

dNvdM [ Mevre?) )

dN/dM [ Mevre?) )

IMS OF THE K*(892)" CANDIDATES

Full range val
Ny. = 1658 + 145

M=888.8 +2.4
S/B =0.23

o
=]

Global p-val : 0.43 )

750 800 850 900 950 1000
MK ) [Mevic?)

P, =097
Ny. =340 +59
M=890.3 £6.7

pTF[ZSO; 320] MeVic
20F

S/B =0.27

800 850 900 950 1000
MK ) [Mevic?)

750
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dNvdM [ Mevre?) )

dN/dM [ Mevre?) )

ANALYSIS

p,[0; 170) Mevic | Pua =093

Ny. =276 +62

M=886.7 +9.8
S/B =0.18

dnvdM [ Mevre?) )

/A

p,[[170; 250) Mevic| Pu™ 0.80

Ny. =329 +61

M=889.8 +7.9
20 S/B =0.25

15

10}

5]

750 800 850 900 950 1000
M{ K3 ) [Mevic?)

b ([320; 410) MeVic| Pua™ 0%
T N, =392 + 64
M=889.7 +7.8

20+ S/B =0.29

dnvdM [ Mevre?) )

750 800 850 900 950 1000
M{ K3 ) (vevic?)

p,[[410; 700) Mevic| Pu™ 0.5
N,. =355 +83
M =886.7 +8.0

30 S/B =0.20

20]

10}

750 800 850 900 950 1000
M{ K3 ) [Mevic?)

ProbucTioN oF K (892) 1

750 800 850 900 950 1000
M{ K3 ) (Mevic?)
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(exp)

The measured yield n; needs to be corrected for:

» Acceptance and efficiency.
» Branching ratios.

» Normalization to pp elastic collisions.

Ut’f; — (o) c(BR) Z C,.(2Ch)n§ex")
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» The simulations contain two distinct production channels - which one
should be used?
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zuer  ACCEPTANCE AND EFFICIENCY CORRECTIONS %’%E
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» The simulations contain two distinct production channels - which one
should be used?

» Solution: mix the two channels and fit the
predicted measured yields to the
experimental data.

NER oMY 4 pE) )
(2ch) p() O p(E) &)

I

C(QCh)
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dN/dp_ [MeV/c]*

ANALYSIS

A
UNCORRECTED p7r SPECTRUM TEE

=== EXp. data

== Sim. (A\)

== Sim. (2)

== Sim. (mixed)
Xidf (Y =82
Xﬁdf 0=

xﬁdf (mixed) =0.1

100 200 300 400 500 600 700

P, [MeV/c]
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e CORRECTED p7 SPECTRUM /&Ak\
o 30¢ X2, (mixed) = 0.1
© B
% i o(K*)=8.8 +0.8 pb
é 20? =% Exp. data
é : == Sim. (mixed)
C -
—
~ 10—
Q_ -
E L
b -
o o

0 L1 L1
0 100 200 300 400 500 600 700
P, [MeV/c]
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The idea:

» Take many different “paths”, i.e. cut

» The deviation between the results

» Make a cross check with observables

ANALYSIS

SYSTEMATIC UNCERTAINTIES

combinations.

should be considered as systematic
uncertainty.

other than pr.
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Counts

Counts

ANALYSIS

SYSTEMATIC UNCERTAINTIES A\

80

60|

Based on pr: Based on pcwm:
. Median [ . Median
B 65% interval 60l M 65% interval
. Excluded » L 9 Excluded
S b
3 C
© r
20
o«
8 9 10 11 12 7 8 9 10 11 12 13
o [ub] 0 [ub]
Based rapidity (y): Based on cosfcwm:
150
I vedian W vedian
W 65% interval M 68% interval
[ Excluded " [ Excluded
€
p=}
o
o
7 8 9 10 1 12 7 8 9 10 11 12 13 14
o [ub] O [pb]
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| Observable o+ (ub)

| T contribution (%) |

pr | 9.5+ 0.9(stat) 5 g(syst)
pom | 9.8 +0.9(stat) T5g (syst)

y | 8.8+ 1.0(stat) 13 (syst)

cosfon | 9.0 & 1.1(stat) ] -3(syst)

4087557
2854148
n/a
n/a
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ANALYSIS
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e SPIN-ALIGNMENT /&A\

» The spin-alignment property can be investigated using the angle ¢
between the momentum of the K** particle (in LAB) and the
momentum of one of its daughters (in CM).
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» The spin-alignment property can be investigated using the angle ¢
between the momentum of the K** particle (in LAB) and the
momentum of one of its daughters (in CM).

> In the case of no net polarization this observable should be described
by:
3 2
W(9) = 7 [1— poo + (3po0 — 1)cos®V]

where pgg is the zero-spin projection component of the spin-density
matrix.
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ANALYSIS

e SPIN-ALIGNMENT “/{i}\

» The spin-alignment property can be investigated using the angle ¢
between the momentum of the K** particle (in LAB) and the
momentum of one of its daughters (in CM).

> In the case of no net polarization this observable should be described
by:

3
W(v) = 7 [1 — poo + (3po0 — 1)cos®¥]

where pgg is the zero-spin projection component of the spin-density
matrix.

» In the absence of spin-alignment pgo should be 1/3.
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o] -
3 L
—d
own B
N4 .
(on) -
2] L
3 i -=- Exp. data
g B = Syst. err.
© C == Sim. (mixed)
X2, (mixed) = o.aH X2, (fit) = 0.7 ~ |eerittorp,,
-1 -0.5 0 0.5 1
cosf)Kg
poo = 0.39 + 0.09(stat) "3 59 (syst).
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SUMMARY AND CONCLUSIONS /43?\
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» The total production cross section of K*(892)% was calculated to be:

orot(K*(892) 1) = 9.5 & 0.9(stat)T1-L(syst) ub.
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SUMMARY AND CONCLUSIONS %/Q\
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» The total production cross section of K*(892)% was calculated to be:

orot(K*(892) 1) = 9.5 & 0.9(stat)*1 L (syst) ub.

» The A production channel seems to be dominant, however the
uncertainty does not allow for an accurate estimation of the exact

contribution:

o = 0597
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RESuLTS

SUMMARY AND CONCLUSIONS A\

HADES
The total production cross section of K*(892)% was calculated to be:

orot(K*(892) 1) = 9.5 & 0.9(stat)*1 L (syst) ub.

The A production channel seems to be dominant, however the
uncertainty does not allow for an accurate estimation of the exact
contribution:
A +0.22
pY = 0.597775.

The result for the spin-alignment is fully compatible with the
no-spin-alignment hypothesis:

poo = 0.39 £ 0. 09(stat)+% })g(syst).
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oo SUMMARY AND CONCLUSIONS /&A\

210
© 103
102
10

1

107"
102
10°°

5

LU AL R L SRR L L L

e vl Lo m PR
10° 102 10" 1 10

Is — sy, [GeV]

» The fit to the K** data can be used for extrapolating the total
production cross section of the particle down to an access energy of

only 231 MeV.
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RESuLTS

SUMMARY AND CONCLUSIONS /@\\

PHYSICAL REVIEW C 92,
024903 (2015)

K*(892)* production in

proton-proton collisions
at Epeam = 3.5 GeV
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Temperature T [MeV]

Nuclei Net Baryon Density

[Bicudo et al., 2011]

=] F = E El= DA
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SPACE-TIME EVOLUTION OF HI COLLISIONS /@A\\
Free Ladromw, f#"“ﬁ(
(whith wg o4Serve) recee-dud
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- : Aemicaf
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—>
Po sitiom
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IN-MEDIUM K*' POTENTIAL

Backup

100

Uror ( M eV)
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1
2 2.5

0.5 1 1.5
P/ Po

[Tsushima et al., 2000]
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K*(892)" PRODUCTION CHANNELS

/A

PropuctioN oF K (892) 1

# Reaction VSthe [MeV] e [MeV]
1. ptpoptAtKT 2046 231
2. pipontIt 4K 3021 156
3. p+tp—p+X0+Kt 3023 154
4, p+p—->N+Y +7+K* >3081 <96
5. p+p—= N+Y*+K*" >3214 <-37
6. p+p—p+N+K+K** >3262 <-87
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[I'“;I PID (EXAMPLE) @

dE/dx in TPC (arb. units)

-2 -1 0 1 2
p/z (GeV/c)

[Adam et al., 2016]
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Ideal IMS (high-energy collisions):
Fit Value (Expected Value): —— PLUTO
ik N(K**) = 17.9+0.0 (16.8) M
> _ === Breit-Wigner fit
% 200 M * 892+0 (892) MeV
= M(K™") =51+0 (51) MeV
= i
g n
Z 100
E L
Z -
© L
07 ro T S SR (N S S T ]
600 700 800 900 1000 1100 120(

IM(K*") [MeV]
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Theoretical IMS for the A-channel:

Fit Value (Expected Value): = P| UTO sim.
N(K**) = 16.2+0 (16.8) M = BW fit

200 'M =884+0(892) MeV »u0r Theoretical BW

(K™ = 45+0 (51) MeV

100

dN/d(IM) [(MeV )l

0 L L L L L L
600 700 800 900 1000 1100
IM(K*") [MeV]
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Theoretical IMS for the A-channel at pr >470 MeV:

Fit Value (Expected Value): = P| UTO sim.

< N(K**) = 1.22+0 (1.83) M - — BW fit

% 20000| IM =860+0 (892) MeV 20 Theoretical BW

= I(K™) =300 (51) MeV

(] L

g L

=10000—

'O -

~~

Z -

o] L
. | |

0 L 1 L L L
600 700 800 900 1000 1100
IM(K*") [MeV]
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Correction function:

m—— Simulation

4- | = —— Pol2 fit with a cut-off

NPLUTO/NHGeant
T

0 PRI AN SN SR T NN ST ST SO SN (N SO SR SO SO N i J
600 700 800 900 1000 1100 120(
IM(K*") [MeV]
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Effect of the detector resolution on IMS:

r wm Breit-Wigner
[ = \/0igt (0=10 MeV)
2 o001 «seen Voigt (0=20 MeV)
2 "
3 L
2 L
© L
3 0.005—
2 L
< L
07 I L L L I
750 800 850 900 950 1000
IM(K*) [MeV]
3001~ m— PLUTO: ' (K*)=0
T [ I"
; r — Gaussian fit
() r =
S 200 X2, =379
= [ M = 8920 MeV
s r 0=96£0.1MeV
T 100
2 L
=z L
° L
( L

850 860 870 880 890 900 910 920 930 940
IM(K*) (MeV]
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HGeant fits used for fixing the resolution:

L == HGeant data
1000— —Fit
o I X, =15
° L M =893+0 MeV
> N 0=120+03MeV
500

750 800 850 900 950 1000
IM(K*") [MeV]

300? === HGeant data
r — Fit
- 200— X2, =302
® L M =893:0 MeV
> C 0=13.9+0.6 MeV

o ‘ ‘ ‘
750 800 850 900 950 1000
IM(K*) (MeV]
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» Each bin (i) is corrected with a coefficient C,.(QCh).

> CI(QCh) is estimated from the simulations using a mixture between the
two production channels.
» p(A) is the relative contribution of the A-channel.

c2eh) _ N P(’\)N,-(A) + p® N
i (2ch) (/\)n’(/\) N p(z)n’(z)
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The accuracy of the correction depends on:

» Accuracy of the detector simulation.
» The refinement of the mesh discretization.

» The geometric acceptance of the detector.
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[ = Exp. data = Exp. data
- L = Sim. (A) "r‘_‘ = Sim. (A)
T} F = Sim. (2) L = SiM. (2)
3 4 = Sim. (mixed) % = Sim. (mixed)
= L Kot M =05 2 Xoa =26
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