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*n.— @@ —~ 2(K*K’) decay
* The main PDG parameters
* n:(1S) Mass = 2983.9 £ 0.4 MeV ~ 2.984 GeV

* n:(1S) Width =32.0 £ 0.7 MeV ~ 0.032 GeV
* Branching n.—> ¢ ¢ = (1.58 £ 0.19) x 10

@ (1020) Mass = 1019.461 £ 0.016 MeV ~1.019 GeV

* ¢ (1020) Width = 4.249 + 0.013 MeV ~ 0.00425 GeV

* Branching ¢ (1020) > K*K- =(49.1 £0.5) %

Thus Branching @ @ = 2 (K*K) = 24.1 %

. Total Branching n.— ¢ ¢ = 2 (K*K*) = 3,8090798 x 10+

A.N.Skachkova I)cstudyinn.— ¢ ¢@—2 (K*K) decay 20. 12. 2023




The Study Is focused on possibility of
background separation

" Pythia 8.309 (p + p, Vs =27 GeV). The main background — minimum-bias (SoftQCD:nonDiffractive)

" Taking.as.a.starting.paint cross.section of n._production. ~.400 nb, we consider the channel

gg — 1. +g (cross-section from PYTHIA8 o ., =416 nb)

Formulag for n. production in Pythia8 were taken as proposed by Anton Anufriev in his talk (11.04.23)

e can also expect for g g — nc cross-section o . =2230 nb - 5.36 times higher !1!)

I)c is forced to decay to ¢ ¢, thus the final cross-section for

gg-n+g-@e+g—=>2(K'K)+g shouldbe o,  =0.159nb - ~1.59*10° eventslyear

+

(Year = 107 sec, Lum =10% /cm? *sec )
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1t / K* reconstruction

P_K distribution

At P > 1.4 GeV we potentially can have problems with rt* /| K*
misidentification.

For the moment we have at P P 1.2 GeV —

100% identification.
SRR At the region 1.2 GeV < P <1.4GeV ~95%
'?Dﬂ.511.522.533.544.55 -

P K, GeV (see.talks.of Artem. Ivanov.of 6.10.2022 & 27.04.2023).
/

P_Pi distribution

So at first approximation we considered the condition

when_all 4 signal K* have P, < 1.4 GeV (~ % of events)

D051152 253 364455
P_Pi, GeV
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MinvKE distnbution
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(p reconstruction

M o VEAT

=10

MinvKE_Gauss distribution

For ¢ reconstruction we are looking for

K*K- combinations (¢ candidate)

WOODHDERDS 085 1 105 1110512 1.25

MinvKK Gauss, GeV

In the region

, MinvKK_Gauss distribution

0.92 < M, (K+K-) < 1.08 GeV

R U

m ________ B 0.99 < Min, (K*K") < 1.05 GeV
”" """" Including 1.5% Gauss smearing of P
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I'lc reconstruction

MinviK+K- K+K-)-=Eta_c distnbubon
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For 1) reconstruction

we are looking for exactly 2
K*K- combinations
(p candidates in the spread

0.99 < Min, (K*K*) < 1.05 GeV)
in the region of Min, X)c

2.94 < Min, (@) < 3.05 GeV

U
2.85 < Minv (¢¢) < 3.09 GeV

Obtained o =2.26 *102 nb

signal

!
~ 22600 eventslyear
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Current results

The proposed selection criteria

P (K) <1.4 GeV && 0.99 < Min, (K*K’) < 1.05 GeV && 2.85 < Min, (09) < 3.09 GeV

allowed to achieve background suppression to 766.3 nb (fypos & errors
In the last talk)
the level of 3.22 * 10 % that corresponds to

SIB=294*10° forgg — n.+ g channel.

Thus we can expect SIV(S+B) = 0.815

I Fraction of signal events where at least 1K in 2 (K*K') combination is fake
oneis ~ 0.67%
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‘P(Pcandidate‘ CorrEIationS
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PT_Phi distribution
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PTscalzum_Etac distribution
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.

PT vecsum = vector sum of
PT’s of (K*"K)(K*K") forming
1. candidate.

PT scalsum = scalar sum of
PT’s of (K*"K)(K*K") forming
1. candidate. -->

Shows better difference in
distributions

Can be used for BKG
suppression :
Cut PT scalsum > 1.8 GeV
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PZ_Phi distribution
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20.

Pz scalsum = scalar sum of
Pz’s of (K*K")(K*K") forming
1 candidate.

Pz vecsum = vector sum of
Pz’s of (K*K")(K*K") forming
1. candidate. -->

Shows better difference in
distributions

[}
Can be used for BKG

suppression :
Cut: PZ vecsum > 0.2 GeV
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R (K*K") distributions

RH_ K4+ K- distributicn

= : : : : : Entries E=S=292 ] ] 1
Eﬁm et e Distributions of

R =V ANP+A@? =V (Nk+- Nic)? + (ks - Pkc)?

shows some difference

/ |
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Proposed cuts

P(K)<14GeV && 0.99 <M, (K'K)<1.05GeV && 2.85 < M, (©®) < 3.09 GeV

N1+ R (K'K) > 0.6 GeV
N1 + PT scalsum 4K > 1.8 GeV
N1+ 0.2 GeV < PZ vecsum 4K

B~ N

( Pz vecsum Cut + PT scalsum Cut)

3 (R (K'K’) Cut + PT scalsum Cut )

: N4 ( R (K*K’) Cut + PZ vecsum Cut)

. N2+ N3 + N4 (R (K*K’) Cut + PT scalsum Cut + PZ vecsum Cut)

Résults of additional cuts 2-6 on the events sample after 1-st set of cuts is shown in the table below
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Rest of
Sig

29.7 %
79.6 %
82.7 %
64.7 %
27.7 %

23.8 %

22.1 %
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Current results

Restod S/B ratio

BKG
4.9 %

19.9 %

48.8 %

9.0 %

3.2%

2.1 %

1.3 %

1.78 * 10

1.18 * 10

499 *10°

2.12* 10

2.55 * 104

3.34 * 10

5.01 *10*

I)c study in n.—~ ¢ @ ~ 2 (K*K’) decay

Thus the best possible
SIN(S+B) = 1.58

And final statistics ~ 5000
events/year

(in the case of o . ~400 nb)

In the case of bigger 1)c cross
section we can assume

better results
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n.— pp — 2(rx') decay
The main PDG parameters

* Branching n.—=pp=(1.5+0.4) %

* p(770) Mass = 762 + 775 MeV ~ 0.77 GeV
(770) Width = 147 + 151 MeV ~ 0.149 GeV
Branching p (770)° = m*m- =~ 100 %

Thus
* Total Branching .= pp =2 (t'™’) =~ 1.5 x 10~*
c O =6.284 nb — ~6.284 * 10° eventsl/year

nc +g- pp — 2 (m+mn-)
(Year = 107 sec, Lum =10%/cm? *sec )
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MinvPiPi dislribution
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O reconstruction
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I'lc reconstruction
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Current results

The proposed selection criteria

P (n?) <1.4 GeV && 0.73 < Mi,, (rv'm) < 0.83 GeV && 2.89 < Min, (pp) < 3.09 GeV

allowed to achieve background suppression to 9.13 * 10° nb
to the level of 3.82 * 10 that corresponds to

SIB=2.59*107 forgg — n. + g channel.

1y At the same time the part of signal events where at least 1mt in 2(rt*7T)

ombination is fake one ~ 55% = wrong n.reconstruction. !!!

= ??7? May be to test 1-st algorithm in which we choose a case with exactly 2 rt*rt -
combinations (p candidates) in the giving Min,p / Min Spread = possible big loss of
statistics
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|Pp| correlations

P_Rho1/P_Rho2 distribution
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|PTp| correlations

PT_Rho disfribution
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PTscalzum_Etac distribution
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PT scalsum = scalar sum of
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Shows better difference in
distributions
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suppression :
Cut PTscaIsum > 2.3 Gev

No significant difference
in Z direction
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I|c study in n.— p p—~ 2 (t't") decay

Some part of 1’s in signal combinatoin
ShOW Rn production vertex > 0 = fake 1t

(~17% fake signal event combinations)

R 1, <1 mm should be used
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Current results

Proposed cuts
1. P(KY)<14GeV && 0.73 <M, (') <0.83 GeV && 2.89 < Min (pp) < 3.09 GeV

3. N1+ PT scalsum 4 > 2.3 GeV

4. N2+ N3 }R_nwx Cut + PT scalsum Cut ) Thus the best possible

Cut N Restof Restod S/B ratio
Sig BKG S/N(S+B) = 0.067
9.25% 23.7% 1.01*107

And final statistics ~ 5700

53.6% 4.78%  2.91*10°
eventsl/year

243% 081% 7.82*107
(in the case of o, =400 nb)
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Conclusions

* With the current algorithm of particle sampling there is no chance to observe ne
NN - pp - 2 (') decay channel.
The algorithm with the presence of exactly 2p candidates in event will be
considered later.

* If the cross section of n¢production turns out to be higher, as shown
riev, we will have the opportunity to observe ncinn:—> @ @ = 2 (K*K’) decay

ome other other variables ( for example R(p,p), R(®, @) ) can also be considered for
ackground suppression

Thank you for your attention!
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