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Belle Experiment

BE1L I F Detector

BELLE

1. Silicon Vertex Detector
2. Gentral Drift Chamber
3. Aerogel Cherenkov Counter

4, Time of Flight Counter
5. Csl Calorimeter
6. KLM Detector
I 7. Superconducting Solenoid
. HER : High Energy Ring 8. Supercc_)nducting Final
L Focussing System
C LER : Low Energy Ring
§
Positron Target
Electron
Source
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Belle Experiment

Integrated luminosity of B factories
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772 Million BB
pairs created from
Y(4S) decays.

We use the full
Belle Y(4S) data set.



Motivation

At Belle, there are searches that have invisible particle in the final states.
eg) B+ >1v,B >vv,B>Kvv,B>D® TV

Neutrino is not detected at Belle detector, from this we have interesting
assumption - What if massive particle can substitute neutrino?

From now, we call it X°

w* w9
B+ ‘ B+

u v U

Possible mass range that X° can have

0 < mXP) < m(B*) — m(l*)
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Why B+ 2> |+ X0 ?

B+ > DO |+ X0
* We don't consider 3body decay ( moment is not clear)
B* > 1+ XC

* additional neutrino produced

\—> Hard to search

We consider B* 2> I* X0 (|l = e, pn)
For m(X% : 0.1 — 1.8 GeV/c?
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X?% candidate : LSP (RPV)
u l; X] y———%] u———
el wmy
b 0F p—— ] j———

PRD 65, 015001

]
P

3

Figure 3: Some Feymann diagrams to produce lightest neutralino from B meson decays in SUSY

2

) A0 fam p? | 1 1 1

r(B* —>177°)= + + M2 —MZ2-M?2, |
( AT g (m v m, )2 2MZ  12M¢  6M] m; 'i )

When we assuming r-parity violation, one lightest neutralino can
be produced from B meson decay via slepton or squark.

We can give bounds for unknown parameters
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X? candidate : Large Extra Dimension

2 ‘
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PLB 489, 367-376

* RH-neutrino in large extra dimension might candidate of X°.
* When there are & additional dimensions, decay width via H or W. (I, >> T})
* Decay width is proportional to R, -

7 |

My, : 4D Planck scale 5. w7

M. : (4+8)D fundamental Planck scale y Vo

R : size of additional dimension
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B+ > I* X0 — Sample for analysis

Signal MC
mode __|MassofX ________JAmount

B+ > e+ X 0.1, 0.2, ... 1.8 GeV 2,000,000 events for each mass of X
B* > ut X 0.1, 0.2, ... 1.8 GeV 2,000,000 events for each mass of X
We have 18 kinds of X for different mass

___Mode | Process | Amount _

Background Generic MC BB, qq 5 streams
RareB b->s,d 50 streams

MC Ulnu B > X,V 20 streams

- evy B* = evy 1000 streams

S\, B* = pvy 1000 streams

Sigzrri:g!- T+ KO B+ > m*KO 500 streams

eV B+ > mlev 300 streams

- Touv B+ > mouv 300 streams

Highl 2015-01-30 cspark Yonsei, YHEP 9



Hadronic tagging method

T /
P ‘\,,Tagged B*Signal B .
L/ ~

~
Y(4S) “Anvisible

D+
&
7/ BDK )T
v K~
>96% of Y(4S) > BB with nothing else produced one B-meson is

Signal lepton

completely reconstructed from known b - ¢ decays without v
* 615 B* channels are used for reconstruction.

* Low efficiency, high purity

Good way to reconstruct modes with invisible particle
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B+ 2 |+ X0 - event selection

Particle Identity
L. > 0.9
L, > 0.9

Track quality
IDz| < 2 cm
Dr < 0.5 cm

Continuum suppression
|cosBy,.,| < 0.9 for B* > e* X
|cosBy,,| < 0.8 for B* > u* X

IAE| < 0.05 GeV
I\/Ib

-6
Ow > €

C

Quality of tagged-B meson

> 5.27 GeV/c?

E:_CL
E;c, Sideband
0.5
p2 Blinded
0 sideband Region
1.8 2.3 3.0 p® (GeV/c)

E.c, : Remaining energy of ECL calorimeter (tagged-B & signal lepton)

p8 : signal lepton’s momentum in the signal B rest frame
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B+ > I* X° - PDF modeling

e T T T T |
T T 7 L — LA N S B B B S B B B I B B 500 [} N= 26984 4/ 36 .
41— signal arbitrarily scaled [C | mean= 2648+ 0.019 |
C B % 0.1GaVic? aop | meent = 263790 47000045 =
C ) —=a'X, 0.1Ge’ C2 . . [ | mean2 = 2.6080 +/- 0.0069 :
35t —— B' = e'X, 1.0GeVic Flttl n E| s1= 001411+ 000061 |
T —— B' = e'X, 1.8GeVic® 300 [T 2= 0.0538 + 0.0051 —
Eoon charged . E| s= 0412420029 3
3 mixed Slgnal 200 [ 5= 00010+ 00088 =
I — [ | Nev2698300347 3
i WGl 100 [— —
chargedrare C 3
. L . _
mixedrare g 11 22 5 28 26
chargedulnu PP, signal(e). e
mixedulnu
evy
ev

T T T

N= 241 +/- 14

meanG = 1.792 +/ 0.060
5= 0L176 +-0.025
Neve:241 096090

Fitting .
Background

[ II\\‘IIIIlIIIIlJ/\‘IIIIlIIIII/\\IlIIIIlI

b\l\ll\l\\‘\l\\l\l\\‘\l\ TLITTT

p.® peak changes by mass of X |
> p8 cut should be optimized Fitting ; :.:;f:;°3:°ﬁ.:LTf ‘

Peaking ===
for each mass of X Background -
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B+ = I+ X9 — obtain U.L. of B.F.

B.F. = 1ot~ O
¢4\ (BB)

* B.F. is obtained by Feldman-Cousins method

* Signal region is optimized.

N, : Number of Data in the signal region (counting)
BG,, : expected background in the signal region,

decided by background PDF, data distribution in the p,® sideband
€4 - decided by signal PDF.



B+ > I* X0 - preliminary result

e mode _ i mode 22
S L [=uL 122 e [ |—uL N
=10~ o 12 :10_—---- — Expected BG ) Eh
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B+ > I* X° — E;, sideband calibration

35

30

B* 2 u* X

25

20

15

10

2.2 . 2.6 2.2 . - .
PB(GeV/e) PE(GeV/e) |

There are some disagreement between Data and MC, about p? > 2.2 GeV/c for
Ecc. sideband region(0.5 < E < 1.0 GeV).
- Get Calibration Factor !!
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B+ 2 I* X% — Bounds for parameters

2
_ 2,’2 r2.r2m2+ B
F(B+_)Ii+)(10): 139 TgMy pl[ 1 1 1 ]

+ +
8z(m, +m,)* | 2M7 12M;  6M;

o 1 1 || _8x(m, +mb)2U L.(B—1.X°)
12|\/|2 6M_
g,

-

3 2M .97 fim2 pP(m2, —-mZ—m?,)
\

This is parameter we give bounds !
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Summary

* We search for B* = I+ + X% where X% have 0.1 ~ 1.8 GeV mass
range

* Hadronic tagging method enables effective background
suppression

* B+ = |* XY has preliminary results, and analysis enters the final
steps

* ete” B-factory experiments has an advantage for this study.



BACKUP



B+ 2> I* X° - skim procedure

SKIM PATH
Hadronic Tagging = LX_SKIM - ANALYSIS_CODE

LX_SKIM

é*:* 1 charged particle not used in Full_recon >call it ¢’
éot* (Charge of ¢) x (Charge of tagged B) = -1
50:0 Momentum of c(LAB frame) >1.0 GeV
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e mode

dz, dr, deltaE
-log(Nboutput)

distributions
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e mode

Mbc, Eecl,
cos(thrust), pIB
distributions

with basic cut
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U mode

Mbc, Eecl,
cos(thrust), pIB
distributions

with basic cut
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Fitting to obtain PDFs (MC samples)

- 1D ML fit for p,® was done (1.8~3.0 GeV/c)

- Cuts for all remaining variables are same

- Using simple function as much as possible

Some modes in Ulnu

are scaled

Mode Branching Fraction Scale factor
Belle MC PDG
plv | 1.49 x 10~* | 1.07 x 10~ 0.7181
nlv 8.4 x 10" 3.0 x 10—° 0.4643
7'l 3.3 x 107° 2.3 x107° 0.6970




e-mode signal region(E.,<0.5 GeV)
All Other cuts are applied to signal region

I e e LA — - 14— T : -
N= 241 +- 14 1 C N= 988 +/.99 J
meanG = 1.792 +/- 0,060 7 2 mean = 2,189 +/- 0,070 =
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160 —
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pn-mode signal region(E_<0.5 GeV)
All Other cuts are applied to signal region

= 156+ 12
mean = 2.076 +/- 0.029
5= 0233 +/-0.021

Nevi:155.845479

+ Ulnu : Gaussia

IH|III|HI|III|II?II|III‘III\IH\IIHH\ll
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Signal (left : e mode, right : p mode

For E.,<0.5 & 1.8< p <3.0

My : 0.1 GeV

My : 1.0 GeV

My : 1.8 GeV
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Expectation of Branching Fraction




Expected Upper Limit

3 U.L.(Yield)
EgoN (BB)

B.F.

1. Relative uncertainty of Esig

3. # of observed events

POLE
2. Estimated BG and uncertainty é U.L.

Uncertainty from PDG(BF), PDF, systematic, etc......
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Optimization Study using the criterion
of ‘Best Upper Limit’

6
) Yield ;| (BG,;n)- Poisson(BG,,; n;1000)
Meanof U.L.="="—
Y Poisson(BG,,;n;1000)- N(BB)- &,
n=0

est?

- n : # of observed events in signal region.
- Yield_{U.L.} : U.L. of Yields using POLE program

- Poisson : # of values of 1,000 events have Poisson dist



B+ > I* X° - Optimization

I — U.L.(Yzelcﬁ
Gsigna.lN(B )

BG : Fit p,® sideband extrapolate PDF

~ z
6 |- -

. e o < :l
4 ™

C ™

h S(MC),i
BGest — Dataside X
S(MC)

side

1. Relative uncertainty of Eig

2. Estimated BG and uncertainty

3. # of observed events

/T

N ﬁ

i e

7IIH\II\\II\HIIIHIIHIIIH
93185 1.9 1.95 2, 2.05 2.1 215 2.2 225 2.3
P/, Data, e

(Feldman-Cousins method

POLE

Ot s UL

\-u

Uncertainty from PDG(BF), PDF, systematic, etc......
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034

B+ > I* X° - Optimization

Mean of upper limit of branching fraction based on MC
for each p® criteria

Upper Limit x 10° Upper Limit x 10°

24
238

2.36]

............. 2.34 _I|||l||||||

)
high cut
T

B

Soal _ _— S — -

. AL TSR TR WU T —

L N 297110 N W S T "
\ ................ 2.42 _ .........

N W ww P91k S — — —

238 _ ...................... ...................... ................ :

216 _ ...................... ...................... -

222 224 226 228 2.3 2.32 2.2 222 224 226 228 2.3 2.32
plﬂ low cut p:i low cut

B+ > e+ X B+ > u* X
M(X) : 1.8 GeV/c? M(X) : 1.8 GeV/c?
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0.1 (GeV)
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
14
1.5
1.6
1.7

Summary Table (e-mode)

2.52 < plB < 2.70
2.52 < pIB < 2.70
2.55 < pIB < 2.68
2.55 < pIB < 2.68
2.52 < pIB < 2.70
2.52 < plB < 2.70
2.52 < pIB < 2.70
251 < pIB < 2.62
2.51 < pIB < 2.62
2.51 < pIB < 2.62
247 < plB < 2.57
245 < plB < 2.53
243 < plB < 251
241 < plB < 251
2.39 < pIB < 2.46
2.37 < plB < 243
2.34 < plB < 2.39

1.8ighl 2015-91330< pIB < 2.36

0442+0.201 1.13+0.14
0442+0.201 1.12+0.14
0.282+0.134 1.08+0.13
0.282+0.134 1.06+0.13
0.442+0.201 1.08+0.13
0.442+0.201 1.07+0.13
0442+0.201 1.11+0.14
0.436+0.190 1.07+0.13
0.436+0.190 1.01+0.13
0436+0.190 0.97+0.12
0.615£0.251 0.99+0.12
0.636£0.257 0.97+0.12
0.738£0.303 0.98+0.12
0.985+0410 1.02+0.12
0.843+0.374 0.95%0.12
0.816+0.380 0.94%0.11
0.805+0.389 0.89+0.11
0.941+0.455park0¥00se0. YHEP

N PP PO O O O O O O O o o o o o

241
243
2.70
2.75
2.52
2.54
245
2.54
2.69
281
2.54
2.57
245
2.15
4.80
4.88
5.17
7.10



0.1 (GeV)
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
14
1.5
1.6
1.7

Summary Table (p-mode)

2.58 < pIB < 2.68
2.58 < pIB < 2.68
2.58 < pIB < 2.68
2.58 < pIB < 2.68
2.58 < pIB < 2.68
2.58 < pIB < 2.68
2.56 < pIB < 2.63
2.54 < pIB < 2.61
2.52 < pIB < 2.60
249 < plB < 2.58
249 < plB < 2.58
248 < plB < 2.53
245 < plB < 2.50
242 < plB < 2.48
240 < plB < 247
2.37 < plB < 242
2.34 < plB < 2.39

1.8ighl 2015-91330< pIB < 2.37

0439+0.111 1.18+0.14
0439+0.111 1.19+0.15
0439+0.111 1.18+0.14
0439+0.111 1.19+0.15
0439+0.111 1.15+0.14
0439+0.111 1.13+0.14
0.462+0.116 1.13+0.14
0.485+0.140 1.14+0.14
0.605+£0.187 1.14+0.14
0.838+0.270 1.13+0.14
0.838+0.270 1.18+0.14
0.594+0.194 1.06+0.13
0.731£0.233 1.03+0.13
0.994+0.307 1.10+0.13
1.233£0.371 1.11+0.14
1.025+£0.287 1.05+0.13
1.164+0.308 1.05+0.13
1.574+0.4020ark1Y2R%0.14EP

1
1
1
1
1
1
0
1
1
1
1
0
0
2
5
4
1
1

4.26
4.23
4.26
4.34
4.37
4.45
2.35
4.37
4.23
4.04
3.87
2.37
2.28
5.75
10.64
9.66
3.93
3.27



B+ > I* X° — E;, sideband calibration

e-mode, Data/MC e-mode, Data/MC e-mode, Data/MC
5 5 5
4 4f 4
3 3 3
2' ' 2: s I 2' I [
et a tellr fat _atellr el
? e e _T_< L T—I— E‘ﬂ e il _T.4 L Tl E‘_' 2 o _Tq L TJ
o o o
1 - 1
N I B e T 3 8 2 22 24 26 28 3 8 2 52 24 26 28 3
pf‘ (GeV/c) pF’ (GeV/c) p]B (GeV/c)
1.8 < pB < 2.65 1.8 < pB < 245 1.8 < pB <23

Eccl cut : 0.5 < E; < 2.0 GeV (Because we want more statistics)
Data/MC ratio is fitted to linear function

Ratio function : R(p®) = py + p; x (p? - 1.8)

when p, and p; is parameter

To fit well, we apply error to bins where no events (but MC exist)
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B+ > I* X% — E;., sideband calibration

Originally we use Data & MC ratio in p® sideband region to scale
expectation of BG

So we use this ratio fitting function to scale BG expectation.
Calibration factor R* is used for scaling.

We use ratio fitting function when fitting range 1.8 < p < 2.65 GeV/c

old BG Data >(MC)
. p— .. X
i est side S(MC)

sig

side

_S(MC)
S|de S(MC)

sig

New : BG_, =R*xData

side



