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Motivation

I+

O

W™ 7?2
B+
B+ = |+ X
- X is Invisible, neutral, massive particle
- Mass of X is set to 0.1 - 1.8 GeV

- X is similar to neutrino but massive
- Spin of X is 1/2
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Belle and KEKB

Data collected with Belle detector at KEKB asymmetric e*e- collider : 3.5 GeV x 8 GeV
Total of 711 fb-!l of data collected at Y(4S)
> 772M BB pairs

BELLE Detector

1. Silicon Vertex Detector

2, Central Drift Chamber

3. Aerogel Cherenkov Counter

4. Time of Flight Counter

5. Csl Calorimeter

6. KLM Detector

7. Superconducting Solenoid

8. Superconducting Final
Focussing System
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Belle and KEKB

Data collected with Belle detector at KEKB asymmetric e*e- collider : 3.5 GeV x 8 GeV

Total of 711 fb-!l of data collected at Y(4S)
> 772M BB pairs

Integrated luminosity of B factories
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(fh ™) >1ab™*
1200 T On resonance :
| —KEKB Y(58): 121 "
; Y(45): 711 b !
1000 f Y(3S): 3fb*
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800 ; Y(1S): 6 b
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600 ;
# ~550 fb™!
Y(4S): 433 th?
Y(3S):30 b !
200 Y(2S): 14 b !
i Off resonance:
~54 b
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Sample used for analysis

Data ; 711fb-! at Y(4S) resonance - 772 Millions of B meson pairs

Signal MC
mode  [MassofX ____ lAmount
B* > e* X 0.1, 0.2, ... 1.8 GeV 2,000,000 events for each mass of X
B* 2> u* X 0.1, 0.2, ... 1.8 GeV 2,000,000 events for each mass of X
__ Mode | Process | Amount
Generic MC BB, qq 5 streams
RareB b > s, d, leptonic 50 streams
BaCkg round MC Ulnu B> X,/ 20 streams
- evy B* 2 evy 1000 streams
MVY B* = pvy 1000 streams
Separately _J KO B+ 2> m*KO 500 streams
generated! mlev B+ 2> mlev 300 streams
] Ny, B+ > mluv 300 streams
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Event selection

Particle Identity | Track quality

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

L. > 09 IDz| < 2 cm
L, > 0.9 Dr < 0.5 cm
Quality of tagged-B meson
|AE| < 0.05 GeV

M, > 5.27 GeV/c?

NB_ . > e®

out

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

E:_CL
1.0
E;c, Sideband
0.5
p2 Blinded
0 sideband Region
1.8 2.3 3.0

p8 : signal lepton’s momentum in the signal B rest frame
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Event selection

- T ‘ T T T | T T T | T T
4= signal arbitrarily scaled

B' — &'X, 0.1GeV/ic®
—— B' = &'X, 1.0GeVic®
—— B' = e'X, 1.8GeVic®

T
L]
7

Fitting

—————— charged
mixed

------ uds
chargedrare
mixedrare
chargedulnu

mixedulnu
evy

mev

w_ll\\‘IIIIlIIIIlI\I\‘Illllllllll

p.® peak changes by mass of X
- p& cut should be optimized

for each mass of X

%Backg round

Fitting
Peaking
Background

Fitting
Signal

bHI\‘I\I\lHI\‘IH\lIH TLFTTT

meanG = 1.792 +/- 0.060
5= 0L176 +- 0.025
Nevi:241.096090

L I
26 2.8

1 L
26 28
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Optimization (obtaining Yield)

T
14

o - UL(Yield)

GﬁfgﬂalN(Byzm

N
. . r \\ 1
BG : Fit p,® sideband extrapolate PDF | 7 <01 i—%
TN A v
S(MC)sig .8 1.85 1.9 1. sz,f)ata,'e' 2 2.25 2,
b BG,, = Data,,, x S(MC)
e <eldman-Cousins method
1. Relative uncertainty of g,

POLE

2. Estimated BG and uncertainty é U.L.

3. # of observed events

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

Upper Limit x 10°

3 25

=y

£

2248
2.46

2.44
2.42

2.36]

12

10

234

B* 2> et X
M(X) : 1.8 GeV/c?

3 25

5

£

2248
2.46

2.34—

2.44
2.42
2.4F

2361

Upper Limit x 10°

B+ > u* X
M(X) : 1.8 GeV/c?

Jan

14th 2014

SAGA YONSEI 2014 Workshop on High Energy Physics

10




Preliminary result

- - N w - o -] ~ ©

e mode M mode
— - - . 29
— . . . -2.2 & L[ ]
Y : i  |—E B 1
5! [ |~ Expected BG _31.8 5' - xpected BG / \ —;1.8
ol . 116 8 — 11.6
- Belle preliminary . - Belle preliminary E
I /__1_4 - 114
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i J =N - // \)( 1
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14}
Qo
=3
E " T = e Y] T Tt
= . N=70+-8 = 12 o) N= 97 +-10 -
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- Cidahand 2. Belle preliminary: 0] = Belle preliminary
H 3 B+ D e+ X E N Sideband @ t > ur X =
H | = H =. ! —
g e M(X) : 1.8 GeV = il o M(X) ;1.8 GeV -
it : - =y Lo ]
T l: E N Ll alets o0 (w I -
T DT [ i
F S ﬁ CLULN e i M BN AN N NNRRRARS
.8 3 L IR R T2z . 4 26 2.8 3
P/, Data, |
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Recent progress

1 i M(X) | p_0OG~{Lab} | Lifetime
Lifetime acceptance of X 0ty | [pEsaety (e |

0.1 1.633 5.55 x 1010
0.2 1.629 1.11 x 10°
We suppose that X have no experimental __ 1.68 x 107
04 1.610 2.25 x 109
signature. Also, we set X is not decaying 05 1597 284 % 109
particle. 0.6 1.580 344 x 109
0.7 1.560 4,07 x 10°
X should pass ECL(CsI) calorimeter with no 08 1537 472 x 109
0.9 1511 5.40 x 109
decay' 1.0 1.482 6.11 x 109
11 1.450 6.87 x 109
1.2 1415 7.68 x 109
vBct = (p/m)ct > 2716mm (in Lab frame) 5 | e P
14 1.335 9.50 x 109
15 1.291 1.05 x 108
So, we study for X to have lifetime more than 16 1243 117 x 10
143 x 10°8 sec case. 1.7 1193 1.29 x 108
1.8 1.139 143 x 108
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Recent progress

Compare Data & MC in E; sideband region

[}
22385838
BX oo X @

1.0
E;c, Sideband

0.5
pE Blinded

o 0 sideband Region
moae 1.8 2.3 3.0 pP(GeV/o)
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Recent progress

35

30

B* 2 u* X

25

20

15

10

22 . 26 22 : : .
PR(GeVic) PE(GeVic) |

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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Recent progress

e-mode, Data/MC e-mode, Data/MC e-mode, Data/MC
5 5
4f 4
3 3
- . 23 o I 2: I [
FPCIEE RL Pare it SPEEREAY T
51_‘ e e _T_< L T—I— E‘ﬂ e il _T.4 L Tl E‘_' 2 o -T-‘ L TJ
- of of
o+ A+
2 22 24 26 28 3 8 2 22 24 26 28 3 8 2 22 24 26 28
pf‘ (GeV/c) pF’ (GeV/c) p]B (GeV/c)
1.8 < p® < 2.65 1.8 < p® < 245 1.8 < pf <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 (pE - 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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Recent progress

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

S(MC)
Old: BG,_, =Data_,, x
S(MC)

sig

side

_S(MC)
S|de S(MC)

sig

New : BG_, =R*xData

side
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Summary

* We search for B* & I* X, where X can be any invisible (and possibly
massive) spin-1/2 particle.

* We successfully suppressed background by help of hadronic tagging
method.

* With nearly identical analysis procedure as in B* - |+ v (with full-
recon) the upper limits are O(10)

* Recently, estimated background is calibrated by difference between
Data and MC in E;- sideband.

Thank you for listening!
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BACK UP
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Skim procedure

SKIM PATH
Hadronic Tagging = LX_SKIM - ANALYSIS_CODE

LX_SKIM

é*:* 1 charged particle not used in Full_recon >call it ¢’
é*t* (Charge of ¢) x (Charge of tagged B) = -1
5020 Momentum of c(LAB frame) >1.0 GeV
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p;® sideband (B* > e* X)

-8.05 0.4 003 -0.02 001 0 001 002 003 0. 005
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p;® sideband (B* 2> p* X)

25

R.ﬂ.i 0.4 003 002 001 0 001 002 003 004 005

AE(GeV)
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a g —+— Data (p)
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. F N 7K
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' " I mixedrare

6 s [ chargedrare
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s [ ] chargedulnu

: 2 [ Juds
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Fitting PDFs (MC)

- 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 10~2 0.7181
nlv 8.4 x 10" 3.0 x 10—° 0.4643
7'l 3.3 x 107° 2.3 x107° 0.6970
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e* X Background PDF

N= 241 +/- 14
meanG = 1.792 +/- 0.060

= 5= 0,176 4/ 0.025 =
= Nevi:241.096090 =
a0 —
E =
- BB : Gaussian 3
20— -
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F P 1 | -
98 2 22 ¥ 24" 26 28 3
P".BB.e
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N= 663+ 81 3
“ ¢ =471 4059 =
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10 5 —
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a —
2~ =
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160 —
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140 [— N_BG = 97 +/. 82

N_.G= 141+-9.1
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s= 0076 +- 0.012

sl= 18+ 11
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mlev : G + B.G.

blll‘llllllll\\ll\\\ll\

2 22 2.4 26 2.8

N=988+-99

mean = 2,189 +- 0.070
sl= 0.60 +- 0.57

sr= (L1533 +/- 0.038
Nevt:98.829957

B\ SN ERNA AR R RETA N AT A

sr= 002100 +- 000014
Nevt:698 899317

= Ulnu : B.G.
8 2 22 24 Tl /)
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[s1= 0.442 4 0021
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B+ &> p* X Background PDF

90 22
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Signal PDF

Signal PDF :
G+ G+ B.G

M(X) :
0.1 GeV/c?

M(X)
1.0 GeV/c?

M(X) :
1.8 GeV/c?

Bt 2 et X

&
TTTTT

N= 26984 +/- 3.6

mean = 2.648 +/- 0.019
meanl = 2.63790 +/- 0.00043
mean2 = 2.6080 +- 0.0069
s1= 001411 +/- 0.00061
0.0538 +/- 0.0051
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Nevt:2698.390347

o

2 2.2

L 24
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501

2

g
N

N= 2641 +- 19

mean = 2.555 +/- 0.012
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Nevt:2640.652654

M(X) : 1.0 GeVie

T
24 26
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28

g
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mean2 = 2.2390 +- 0.0058
1= 001147 +- 0.00069
0.0497 +/. 0.0043

sl= 0.258 +/- 0.037

se= 0.00100 +/- 0.00089
Nevi:2581.515472

100 —

P pxy
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B* 2> u* X

600

N = 2504 +- 20

mean = 2.607 +- 0.053
meanl = 2.63795 +/- 0.00030
mean2 = 26341 +- 0.0025
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sl= 0223 +/-0.029
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24
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2.8
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meanl = 2.54378 +/- 0.00032
mean = 25437 +/- 0.0015
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s2= 0.0282 +- 0.0027
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mean = 2.2000 +- 0.0060
meanl = 2.25972 +/- 0.00024
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Optimization

Control of variables to be optimized

p;® high cut > move(0.01 GeV level)
p;® low cut 2> move(0.01 GeV level)

Remain cut =2 fixed

We give 1,000 values have Poisson distribution for estimated BG

These values are chosen for Yields

Yield > 6 cases are ignored (too high U.L. can disturb mean)

16.0% uncertainty of signal efficiency assumed
We don’t need to consider E;- contribution to p, distribution

BG,.; > 3.0 case not considered
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Optimization

plB cut(GeV/o) | BG est | pmode | plB cut(GeV/) | BGest

0.1(GeV)
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
10
11
1.2
13
14
15
1.6
1.7
18

2.52<plB<2.70
2.52<plB<2.70
2.55<plB<2.68
2.55<plB<2.68
2.52<plB<2.70
2.52<plB<2.70
2.52<plB<2.70
2.51<plB<2.62
2.51<plB<2.62
2.51<plB<2.62
247<plB<2.57
2.45<plB<2.53
243<plB<2.51
241<plB<2.51
2.39<plB<2.46
2.37<plB<2.43
2.34<plB<2.39
2.31<plB<2.36

0.442
0.442
0.282
0.282
0.442
0.442
0.442
0.436
0.436
0.436
0.615
0.636
0.738
0.985
0.843
0.816
0.805
0.941

0.1(GeV)
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
10
11
1.2
13
14
15
1.6
1.7
1.8

2.58<plB<2.68
2.58<plB<2.68
2.58<plB<2.68
2.58<plB<2.68
2.58<plB<2.68
2.58<plB<2.68
2.56<plB<2.63
2.54<plB<2.61
2.52<plB<2.60
2.49<plB<2.58
249<plB<2.58
2.48<plB<2.53
245<plB<2.50
242<plB<2.48
240<plB<2.47
2.37<plB<2.42
2.34<plB<2.39
2.31<plB<2.37

0.439
0.439
0.439
0.439
0.439
0.439
0.462
0.485
0.605
0.838
0.838
0.594
0.731
0.994
1.233
1.025
1164
1.574
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Expectation of Branching Fraction
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Summary Table ( B* 2> e* X)

MO plBeut | BGest | Efficiency(%o UL (107(:6)

0.1 (GeV)
0.2
0.3
04
0.5
0.6
0.7
0.8
0.9
1.0
11
1.2
13
14
15
1.6
1.7
1.8

252 < pIB < 2.70
252 < plB < 2.70
255 < pIB < 2.68
2.55 < pIB < 2.68
252 < pIB < 2.70
252 < plB < 2.70
252 < pIB < 2.70
251 < pIB < 2.62
251 < pIB < 2.62
251 < pIB < 2.62
247 < pIB < 2.57
245 < pIB < 2.53
243 < pIB < 251
241 < plB < 251
239 < pIB < 246
237 < plB < 243
234 < plB < 2.39
231 < plB < 2.36

0.442+0.201
0.442+0.201
0.282+0.134
0.282+0.134
0.442+0.201
0.442+0.201
0.442+0.201
0.436+0.190
0.436+0.190
0.436+0.190
0.615+£0.251
0.636+0.257
0.738+0.303
0.985+£0.410
0.843+£0.374
0.816+0.380
0.805+0.389
0.941+£0.455

1.13+0.14
112+0.14
1.08+0.13
1.06+0.13
1.08+0.13
1.07+£0.13
111+0.14
1.07+£0.13
1.01+£0.13
0.97+0.12
0.99+0.12
0.97+0.12
0.98+0.12
1.02+£0.12
0.95+0.12
0.94+0.11
0.89+0.11
0.90+0.11

N PP PO O 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
2.81
2.54
2.57
245
2.15
4.80
4.88
5.17
7.10
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Summary Table ( B* 2 p* X)

w00 |pBat  lscest | Effencyte UL 100)

0.1 (GeV)
0.2
0.3
04
0.5
0.6
0.7
0.8
0.9
1.0
11
1.2
13
14
15
1.6
1.7
18

258 < 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
252 < pIB < 2.60
249 < plB < 2.58
249 < pIB < 2.58
248 < plB < 2.53
245 < plB < 2.50
242 < plB < 248
240 < pIB < 247
237 < plB < 242
234 < pIB < 2.39
231 < plB < 2.37

0.439+0.111
0.439+0.111
0.439+0.111
0.439+0.111
0.439+0.111
0.439+0.111
0.462+0.116
0.485+0.140
0.605+0.187
0.838+0.270
0.838+0.270
0.594+0.194
0.731+0.233
0.994+0.307
1.233+£0.371
1.025+0.287
1.164+0.308
1.574+0.402

1.18+0.14
1.19+0.15
1.18+0.14
1.19+0.15
1.15+0.14
1.13+0.14
1.13+0.14
1.14+0.14
1.14+0.14
1.13+0.14
1.18+0.14
1.06+0.13
1.03+0.13
1.10+0.13
111+0.14
1.05+0.13
1.05+0.13
112+0.14

R P N T DN O O R P B P O R PR RFEPL R R -

4.26
4.23
4.26
434
437
445
235
437
4.23
4.04
3.87
237
2.28
5.75
10.64
9.66
3.93
3.27
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Trial for understanding E.., sideband

From last BAM,
we try 3 kinds of approaching method
to understand data events for E_

Sideband region with high p,5.

{3

2.8 3

“pR(GeVe) |
1 : We use lepton’s momentum in LAB frame. And draw their Phi &

Theta value.
2 . We suppose they are from QED background like ete- > 1T
3 : We give off-timing cut for data & 911-veto for MC, and look

whether there are any better agreement.
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