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Introduction

In previous research, theorists
expected this decay to connect
real matter world and dark world.
( Multilepton signature of a
hidden sector in rare B decays)

Bt > Ktete~ete~ B - K%ete ete™ Bt - K*tete ete™ B » K*%ete~ete~
Bt - Ktete utu~ B° - KVt e utu- Bt - K**ete utu~ B° - K*%eteutu~
B* - K*u*ru~ptu” B® - Kou*u~ptu~ B* - K u*u~ptu” B® - K*u*u~p*u~
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Particle Selection

 Charged track selection : dr < 2 cm,
dz <5 cm.

« et selection: £,>09, L, > L

Bremsstrahlung reconstructed(‘i < 0.05)

e =t i -
u* selection: £, > 009, L, > L,

+

« m* selection : Lg,; < 0.4, Lp;; < 0.4
selection : From Mdst_vee2 table,

e KO
nigsstinder standard cut applied.
« y selection : Endcap : E, > 0.15 GeV

arrel : E, > 0.05 GeV g)c/Jod gamma
selection applied.

« ¥ selection : From Mdst_pi0, 0.1 <
m_ o < 0.14 (GeV), po > 0.1 (GeV)

K= selection : L,z > 0.6, Lp/x > 0.4

« Kaon Reconstruction
« K*°:From K*® > K*n~ and K*° - Kdn°,
0.8 < Mo < 1.0 (GeV)
e K**:From K** - Ko7 and K** - K* 19,
0.8 < Mg+ < 1.0 (GeV)

« Dark photon reconstruction

« We chose the Am,s neutral IePton pairs as
our dark photon. Yo reduce effect of c¢
background, we used my  ((Wrong paired

dark photon mass )

« Low mass veto : there was many
backgrounds by arbitrary low mass leptons.

* cC veto : we vetoed 2.8 <m, < 3.15,
3.55 <m, < 3.7 (GeV). v

* ¢(1020) veto : Didn't observed anything
on MC."We onlg vetoed 10MeV region
centered at 1.02 GeV.

« Best B selection : Least |AE]|



Used Variables

* Mg : Beam constrained Mass
« AE : Energy difference
« Am, : difference between two dark photon masses

* Egsym - Energy Asymmetry between dark photon’s daughter
* m, . mass of dark photon
* My 0 Mass of wrong paired dark-photon

* R, : Ratio of 2" Fox-Wolfram Moment



Signal Extraction
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Signal Extraction
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x10°
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|Easym| < 0.8
lm, —my| < 0.1

Low mass veto
myr > 0.1
mAr > 0.1

w

cc veto
28 <my, <3.15
w

3.55 < mA{/V < 3.7

Continuum
suppression
R, < 0.4



Am, cut determination

Background is almost flat.

Figure of merit punzi fluctuates hard due to lack of background. (0(1))
Signal 95% cut applied to some points,
And interpolated it with dark photon mass

Final States 0.6 GeV | 1.1 GeV | 1.6 GeV Final States 0.6 GeV | 1.1 GeV | 1.6 GeV
K%te ete 0.062 0.068 0.078 | KTeTe ete™ 0.060 0.068 0.080
B’06+e_p+p_ 0.056 0.064 0074 | Ktete putpu~ 0.054 0.062 0.074
KOIqu,u_,qu,u_ 0.016 0.020 0.030 | Ktputp ptpu~ 0.014 0.020 0.030
K*ete—ete~ 0.062 0.068 0.078 | K*tete eTe™ 0.064 0.068 0.078
K*¥ete putp~ 0.058 0.064 0.076 | K*tete putpu~ 0.056 0.062 0.072
K*utp=—ptp~ 0.016 0.024 0.030 | K**pTpu—ptpu~ 0.020 0.028 0.030
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Signal Efficiency

2021-01-07

B— KWAA

Final state 4 Ngig | €sig (%) Final state m Ngig | €sig (%)
KY%Te ete™ | 0.6 | 19105 | 1.91% | K*YeTe ete” | 0.6 | 30223 | 3.02%
1.1 | 26294 2.63 % 1.1 | 43106 4.31 %

1.6 | 31092 3.11 % 1.6 | 59251 5.93 %

KTe putu~ | 0.6 8276 | 0.83% | K*%eTe putp~ | 0.6 | 12155 | 1.22 %
1.1 | 10849 1.08 % 1.1 | 16424 1.64 %

1.6 | 19767 1.98 % 1.6 | 35476 3.55 %

Kutp—ptp= | 0.6 2570 | 0.25% | K*%utp—ptp= | 0.6 3492 | 0.35 %
1.1 3675 0.37 % 1.1 4916 0.49 %

1.6 | 11243 1.24 % 1.6 | 19547 1.95 %

Ktete ete” 0.6 | 48357 | 4.84% | K*Tete ete™ 0.6 | 23297 | 233 %
1.1 | 69404 | 6.94 % 1.1 | 33910 3.39 %

1.6 | 92550 9.25 % 1.6 | 47480 4.75 %

Ktete puTp~ | 0.6 | 22829 | 228 % | K*Tete puTp~ | 0.6 9446 | 0.94 %
1.1 | 31023 3.10 % 1.1 | 12875 1.29 %

1.6 | 60488 6.05 % 1.6 | 28393 2.84 %

Ktu p ptp= | 0.6 8010 | 080 % | K*'putu putu~ | 0.6 2742 | 0.27 %
1.1 | 11281 1.13 % 1.1 4020 0.40 %

1.6 | 34310 3.43 % 1.6 | 15530 1.55 %
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Expected Upper limit of Branching
Fraction

N T T TG ! o = 0C)

KPete ete™

KCPete utu—
Keu*pu—p*u~
K''eboc=oio=
K'%c e '
I TR T
K'ete ete
IKhe cnp i
Koy i
K tete oo
Kescicm i e

RzZr-pregr ptpu—

0.10

0.00

2.19

2.73

0.60

0.30

1.20

0.30

1.43

1.00

0.10

0.10

0.00

0.63

0.73

0.24

0.17

0.35

0.17

0.57

0.32

0.10

2.62%

1.08%

0.36%

4.12%

1.54%

0.46%

6.94%

3.10%

1.13%

1.40%

0.51%

0.14%

2.13x10~7 Expected upper limit of branching fraction is
calculated using polelim.

S . .
We set N,,; as least same or bigger integer.

1.67x10°

1 785 10-7 Most Expected upper limit of branching

fraction is less than 1077~10°
403107

1.11x10°°
7.70x10"8
2. 0251 0
4.73x10°7
4.29%10"7
T2l
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Control sample study. Bt - D°DOK*

Inside () : cut of B » KA'A’, if cut is different

e M. > 5.22 (M,. > 5.27)
 |AE| < 0.05 (JAE| < 0.1), Best B selection using Least |AE] .
* |[AM | < 0.0698 Best A’ selection., (Mass dependent value.)
*R, < 0.4

* Eggym < 0.8

* |M, —1.865] < 0.02. ( 0.1 with mass dependent value.)

« Ands vetos.



Many decay in our control sample.

Ny, [PDG | ¢ | Nu ___|BF(Ds->DK)

B* - DODOK 278.29 0.155 23897 Control sample
B* - D3, " (2573)D°0  1.34 0.136  26.65 (84 15) x 107°
B* - D, T (2700)D0  104.70 0.151  49.40 (5.6 +1.8) x 1074
B* — K*(3770) 31.20 0.168 53.39 (1.5+0.5) x 1074
B* — K*1(4040) 0.16 <13 x 104
Bt —» Kt (4160) 16.25 0.164 36.46 (8+5)x107°
Bt — K*X(3872) 1.98 < 6.0%x107°
Sum 431.80 407.00
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So...

 Shape difference is quite big.

« Background is huge.

* Ny, difference ~1.50 between data and MC
« Changed our control sample decay mode.

* BT > J/WpK™ where J/p - 1717, > KTK™



Selections

Mg > 5.22 As we use fit, Mz, are loosen
c —0.2<AE <01
AM; ;g — (3.1 — 1.020)| < 0.0701

* Egsym < 0.8 Energy asymmetry of leptons and Kaons
* |M;,, —3.1] <0.03  These masses are narrower due to BG

* My — 1.020] < 0.03 <0.1 for B » KA'A’

* R, < 0.4

» Best J/y¢ pair selection : Least |AM; 6 — (3.1 — 1.020))|
» Best B selection : Least |AE]|
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Fitting result using MC

A RooPlot of "M, /"
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SigMC : CB
GenMC : CB+Argus

Expected Ng;; ~ 254.9
using DECAY.DEC

Expected Ng;; ~ 251.9
using PDG value.

Although I did not
applied systematics,

R = Npata _ g expected,
Nmc

deduced from experience.
( 2% for each track)

Consistent with our
expected values.



MC vs DATA
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But we still have problems

« Slight shift on Mg peak.
» Slight shift of Argus endpoint



Plan & Summary

 Control sample study is ongoing using B™ — J/y¢$K™.

* Try to find the reason why | have difference between MC and
DATA



Backup



Major Varia
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cont'd
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M, . fitting

A RooPlot of "M "
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Background Dalitz Plot

dalitz dalitz
12 _daneT 12 _daliz . .
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B* - D%, (2573)D0 0.136 (8 +15) x 107°
D, resonance ;

B* - D% 7 (2700)D0  0.151 (5.6 + 1.8) x 10~*

dalitz Ganne
12 daliz_ds 1 12 daltz_ds 7
L Entries 136105 - Entries 151283
- Mean x 5794 p - Mean x 6.141
- Meany  6.092 - Meany 6412
0 RMSx  2921p 0 RMSx 2259
B RMS 5 B RMS
- - - .
o of 1M signal.
[~ 120 B
°C 100 °C
- : Dalitz plot have each
al— al— .
- - axis for each D meson.
o o 2
: : Mip
% 2 4 6 8 10 2 0 %
mbc mbc
mbc_ds_1 mbc_ds_2
20000 = Eniies 136105 22000 Entries 151283
- Mean 5.279 C Mean 5279
18000 = RMS __ 0.008445 20000 - RMS __ 0.008447
16000 - 18000 =
14000 - 16000 £~
- 14000 -
12000 - =
= 12000 -
10000 - =
= 10000 -
8000 8000 f—
S o 6000 f—
4000 ;_ 4000 f—
2000~ 2000 f—
E " I B S RS ] r a1y E PR P B ] ] PRI B B A1
8 523 524 525 526 527 5.8 529 0% 523 524 525 526 527 528 529

2021-01-07 Saga-Yonsei 25



D, resonance

e LPDG_ DECAYDEC | BF( Ds>DK)

B*

B+—>D;1+(2700)DO 104.70  49.40

(2573)D0

1.34

D_s2*+ (2.5724)=D%,(2573)

D_sj+ (2700)=D},(2700)*

26.65

Each number from 1 corresponds to charged,

mixed, charm, uds

Used 10 stream of BB, 6 stream of qq.

Not scaled.
loose gen_hep matched
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B.F ( B->cc->DD)
* 5 K*tY(3770) 0.168 (1.5+0.5) x 1074

Charmonium ResoNance .~ aio o aso o

dalitz dalitz
12 [ daliz_chm_T 12 daliz_chm 7
L Entries 167972 h - Eniries 163969 P
o Meanx  8.376 - Meanx  7.014
B Meany 8465 B Meany  7.252
10— RMSX 1244 01— RMSx 1937 [
B RMS 1.228 B RMS .
oF oL 1M signal.
6l— 6l-
5 : Dalitz plot have each
4 4 .
: - axis for each D meson.
2/ 2 2
F : Mgp
B ] ] [ ]
O 2 4 3 3 10 12 0 % 2
mbc mbc
mbc_chm_1 mbc_chm_2Z
B Entries 167972 25000 — Entries 163960
25000 [~ Mean 528 B Mean 5279
" RMS  0.004421 - RMS _ 0.00697
X 20000 |—
20000 [~ -
L 15000 |—
15000 [— B
10000 :_ 10000 [—
5000 5000 :—
IR AT AT DR AT BRI PERTE N I I A T T N BT B P B A A
i 523 5204 525 506 5.27 528 529 2% 5.23 524 525 5.26 5.27 528 529

2021-01-07 Saga-Yonsei 27



Charmonium Resonance
Eﬂ

K+1/)(377O) 31.20 53.39 (1 54 0.5) x 1074
Bt > K*(4040) 0.16 <13 x 104"
B* - K*(4160) 16.25 36.46 (84+5)x 107>
B* - K*X(3872) 1.98 < 6.0x107° CEE T
. ; e R [ I
« Each number from 1 corresponds to
charged, mixed, charm, uds . i
« Used 10 stream of BB, 6 stream of qq. ” N P
« Not scaled. r s L
* loose gen_hep matched T i
* cc->DD is not included '3 i3
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