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Abstract
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This note presents plots of MC study for the cross section measurement of ete™ — nta~7":
e Signal efficiency [Fig. 1]
e Variable distributions for cuts: x%. [Fig. 2], and the background reduction cuts [Figs. 3-6]
e The di-photon invariant mass M () distributions and their fits [Fig. 7]
e Fitting variable distributions for tracking efficiency correction [Fig. §]
e Fitting variable distributions for 7¥ efficiency correction [Figs. 9 and 10]
e The three-pion invariant mass M (37) resolution [Fig. 11]
e The distribution of the response function used for unfolding [Fig. 12]

e The expected signal spectrum and the luminosity-scaled main background event distribution
[Fig. 13]

The study is based on the internal note [1] and event selection is summarised in Table I. MC
samples are run-independent MC14.
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FIG. 1: Detection efficiency dependence on the generated invariant mass of 777~ 7" using
e~e” — mtn 7% MC. The generated event, denominator, is required to have the
invariant mass of 777~ 7%y is more than 8 GeV and a ISR photon whose energy is more
than two GeV and the polar angle is within 20 to 160 degree in the centre-of-mass frame.
The blue line shows the result of fitting with a quintic function.
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FIG. 2: The x? distribution of four-momentum conservation kinematic fit under
ete” — mtn 7% hypothesis to MC samples. The blue line shows the eTe™ — 7t 7~ 70y
MC, the red line shows eTe™ — 77~y MC, and the violet line shows ee™ — 77 7070y

MC. The arrow indicates the threshold for the signal selection.
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FIG. 3: The x? distribution of four-momentum conservation kinematic fit under
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ete™ — mTn 7w’y hypothesis (horizontal axis) and eTe™ — n7 77’y hypothesis

(vertical axis). The blue area shows eTe™ — 777~ 7%y MC, and red square shows

ete” — ntn 7% MC. The area indicates the number of events of MC samples. The top

row shows the events where an additional 7% is not found and 77~ 7%y candidates

cannot be reconstructed.
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FIG. 4: The invariant mass distribution of charged pion and initial-state radiation photon
(ISR). The blue histogram shows e*e™ — 77 7% MC, and red one shows non-ISR
ete™ — qq MC. The arrow indicates the threshold for the signal selection.
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FIG. 5: The cluster second moment distribution of initial-state radiation photon (ISR).
The cluster second moment is a moment of cluster aria weighted by a crystal energy, which
is defined as S = Zznn—EgQ where ¢ is the index of crystal, F; is the single crystal energy, and
r; is the distance of the i-th digit to the shower centre projected to a plane perpendicular
to the shower axis [2]. The blue histogram shows ee™ — 77 7% MC, and red one

shows non-ISR e*e™ — ¢gg MC. The arrow indicates the threshold for the signal selection.
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FIG. 6: The invariant mass distribution of initial-state radiation photon (ISR) and an
additional photon. The blue histogram shows e*e™ — ntn~ 7% MC, and red one shows
non-ISR ete™ — ¢g MC. The arrow indicates the threshold for the signal selection.
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FIG. 7: The di-photon invariant mass distribution of 77~ 7%y signal events at the w
resonance. Each plots show different M (37) mass region, the right plots show the log-scale.
The broken histogram shows the fit result. The signal pdf is modelled by the Novosibirsk
function and single Gaussian, and the background pdf is the quadratic function.
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FIG. 8 The |Ayp| distribution of 777~ 70y signal at the w resonance. The lines indicate
Ay < 0 events (solid) and Agp > 0 (dashed) of ete™ — ntr 7% MC. |Ayp| difference

between Ap < 0 and Ay > 0 expected in MC is also observed in the data, which is not
plotted, and both are in good agreement except the smallest bin of |Ap| = 0.
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FIG. 9: The M(xt7~ 7l ;) distribution of the partial-reconstructed sample for the 7"
efficiency study. The M (7T 770 ) is calculated from the four vector of charged pions
and the recoil momentum after a kinematic fit to 77—~ with a constrain of the recoil

mass to be the 7 mass. The stacked histograms are MC samples scaled by the integrated
luminosity.
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FIG. 10: The di-photon invariant mass distribution of the full-reconstructed sample for the
70 efficiency study. The broken histogram shows the fit result. The signal pdf is modelled

as the Novosibirsk function and single Gaussian, and the background pdf is the quadratic
function.
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FIG. 11: (a) M(n "7 7°) spectrum of measured (solid) and generated values (dashed) of
ete” — mr a7’y MC. (b) Difference of measured and generated values of M (37).

10



oo
Ul

i —14000
3r —12000
§ 2-5:_ 110000
Q i
S i 8000
5 °f
= L 6000
8 1.5
- i 4000
T -
- | I|3elleI |l Sllmulaltlon

o
[@d)
o1l

1 15 2 25 3 3. 5
Measured M, (GeV/c®)

(a) 0.5 < M(37) < 3.5 GeV/c?

1.05p 10° 3.5 : :
- n L Belle Il Simulation
1= i
. - . 3r 10°
% 0.95F w o
s > 25l
© 0.9 e 10°
E I e &}
=0.85F = gl
g | s
= 0.8 = 10

Belle II Slmulatlon ‘ ‘ ‘

. Dol L
057 075 08 085 09 095 l 105 ]1 15 2 2.5 3 3.5
Measured M, (GeV/c?) Measured M, (GeV/c?)

11
(b) 0.7 < M(37) < 1.05 GeV/c? (c) 1 < M(3m) < 3.5 GeV/c?

FIG. 12: The scatter plots between measured (horizontal) and generated (vertical) values
of M(37) in different mass regions.
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FIG. 13: The M (37) spectrum of the extracted signal and background MC. The dots with
error bars show the signal obtained by M (y7) fit to each M (37) bin. The stacked
histogram is estimated backgrounds scaled by the luminosity. The number of entries in
each bin is scaled to the 25 MeV/c? bin width.
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TABLE I: The summary of standard selection for signal event.

Quantity Cut
Tracks
Transverse momentum plﬁb > 0.2GeV
Polar angle 17.0 < 0% < 150°
Vertex dr < 0.5cm and |dz| < 2cm
CDC hits count nCDCHits > 20
y(7°)
ECL cluster count clusterNHits > 1.5
ECL cluster polar angle 17 < Hi?gs'er < 150°
Energy E > 100 MeV
Event basis
Tracks count Nirack == 2
Event charge Y Qtrack == 0
Gamma count Ngamma = 3
ISR photon
CMS energy ECMS > 92 GeV
Polar angle 37.3 < 013 < 123.7°
70 (after 4C-KFit)
Invariant mass 0.123 GeV < m(vy7y) < 0.147 GeV
Daughter opening azimuthal angle |A¢| < 1.5rad
Daughter opening angle daughterAngle < 1.4 rad
ata= w0y
Invariant mass M (rtrn=71%) > 8 GeV
Four-conservation KFit y? X?LC,&W < 50

Background rejection

Binary electron veto Lyje>0.1

Binary kaon veto Lk >0.1

7 tr~ 1070 rejection X?lCAm > 30

qq rejection M(nty) > 2GeV

qq rejection M (yisr7y) < 0.11 GeVorM (yisry) > 0.17 GeV
qq rejection Cluster second moment Sigg > 1.3
7tm v and ¢q rejection M2 (7t77) >4 GeV?
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