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Introduction

® We have searched for LFV 7 decay modes:
T—oplet+~y, T—plet+n/m%/n', T — 3L
® As a next step, we search for both lepton number (L) and baryon

number (B) violating = decays, which are expected in some models,
such as Grand Unified Theories(GUTSs).

s hep-ph/0404002, W.S.Hou et al.

B and L violating T decays, suchas 7= — An—,pKg, from
right-handed 4-fermi interaction

® We report here our searches for L and B violating = decay modes:

T~ — py, 7T~ — pr, 7~ — An~ and 7~ — Anm~ (& chg conj.)

s - — p~(86.7fb~! data) and p7¥(153.8 fb—! data):
Current UL of Br. fraction B by CLEO (4.7fb—! data):
B(t— — pv) <35 x 1077, B(r— — pn®) <150 x 107,
s 7~ — A/A+ m— (153.8 fb~! data):
These modes have never been studied before.
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Experimental Signature

® 77 > p+y/n°
{’T_ —p+ n,SYIG} + {7‘"‘ — (one trk) " + nIA¢ + X(missing)}
(signal-side) (tag-side)
» 1-1 prong topology

» Main BG: 77~ (7 — pv) and gq continuum (including true p)

® T - j_X/A + 7
{T_ — (prcT) + 7T_}+{T+ — (one trk)™ + n 8¢ + X(missing)}
(signal-side) (tag-side)

» 1-3 prong topology

» We reconstruct A from A — pm™T using vertex info. of A

» Main BG: 777~ (7 — a,v) and gq continuum (including true A)

» \Very clean mode due to the constraint from A
The experimental signatures and analysis methods are different for
T~ —=p+~v/mand T — A/A+ 7~
= We discuss these modes separately.
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Selection Criteria
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® 1-1prong, 1< Ny <3
E., > 0.1 GeV, netcharge =0

® 0.5< EM/ /s <0.92

V1S

® signal side : e e

proton-ID and p, > 1.0 GeV/c

E, > 0.5 GeV, _

CM ey
® 0.6 < cos Hp,y < 0.96 R
® Doiss > 0.6 GeV/e, 17° < 0,555 < 150° tag side
CM
® cos Htag_miss > 0.3
® Dpiss > _quzniss —1& Pmiss > 1’2m12niss —1
CM

o 92trk > 90°
® M., < 1.2GeV/c?, n° veto & EM shower-like for signal ~
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Selection Criteria T — pm

Almost same as 7 — py
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® 1-1prong, 2 < N, <4
E., > 0.1 GeV, netcharge =0

® 0.5< EM/ /s <0.92

# signal side : €
proton-ID and p, > 1.0 GeV/c

One ©° (‘ M’*’L__Mro < 5)

Yy

0.0 < cos 0¢M ~ 0.95

p7©
Pmiss > 0.5 GeV/c, 17° < Oiss < 150°
cos Q¢ M > 0.0

tag—miss

tag side

Pmiss > _O-Smfniss + 0.3, & Prmiss > 1'6m$niss —1

Hgt% > 90°, Mtag < mg

© o o o @
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Hadron ID in the Belle Detector

Aerogel| Cherenkov Counter
TOF

Hadron-ID in the Belle detector is
based on the responses of sub- :
detectors:

® Threshold type ACC
(Aerogel Cherenkov Cnt.)

® Time-of-flight from TOF cnt.

® dFE/dx in CDC
(Central Drift Chamber) g
5 Central Drift Chamber
Basically we use likelihood ratios to distinguish hadron species,
L
for i = =
or instance, P(p/ ) Lot Cn

where L; is likelihood for the detector response to the trk with flavour
hypothesis z.
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Proton-ID T — pvy/=°
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BG events: mostly pions = p/m separation is important.
= ACC is a useful detector in this case;

Threshold mom. of = : P} <1 GeV/c = All pions should FIRE ACC
Threshold mom. of p: P; =4 ~ 6 GeV/c

= Most of protons should NOT FIRE ACC.

P < Py, P > Py, T—opy | P<P, | P>P,
Fire X VAN sig eff 2.0% 0.47%

Not Proton | Any particle #data 6341 ev 86 ev
Not O X sig eff 11% 0.12%
Fire Proton Not Proton #data 494 ev 4 ev

e The sig chgd trk: 1 GeV/c< P < PJ; & ACC Not Fired
= Retaining 85% of the signal eff, 90% of BG ev are rejected.
e Applying this cut, 90% of BG are still pions.

= To further reduce the pion BG, we use £ TOF and gdE/d=,
e p eff and  fake rate are calibrated by using A and K s samples,
reSpeC’[ively. Search for 7 — p~y /7Y and A7, 2004.09.15 Tau04 — p.7/22



Blind Analysis
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We used a blind analysis method similar to that used in Belle’s search for LFV

decays.
T — pY
04 + = signal MC
e Data
0.2 |
>
O 0 F |
= £
<
02 F Lo,
0.4
1.6 18 2
Minv (GeV/é)

Blind Region (denoted blue lines) :
1.69 GeV/c? < My, < 1.83 GeV/c?
—0.32 GeV < AFE < 0.17 GeV
(+5-0 Box region)

T —>p’y/7'ro

T — pmo
0.5
0|, swit il e
Sl e B G
[\ TR N R .
Q) PR DY P i N .:
R R AT
3 R RN
'05 . .Oi'
A R
R . L ‘
1.5 1.6 1.7 1.8 1.9 2
Minv (GeV/é)

1.7 GeV/c? < My, < 1.85 GeV/c?
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Background PDF

T — pvy/n°

0
T — PY T — P

XCIndf(Data) = 5.07/6_ _1,42< Minx 1.56(GeV/€) X /ndf( Data) = 6.85/10 1.5< Mink 1.6

- X°/ndf(MC) = 5.1317 POF:153392ev | 20 X /Ndf(MC) = 11.1/10 PDF : 67.4 8.2
5 a . Data: 14:3.74ev | ;o E@ Data: 7G 8.37

e [ Ve 18439 ev I e S ﬁg‘mc : 59:57.41
0 “H“\HHTHH\‘N\ P - 0F- I — P R B i L
-0.5 -04 -0.3 -0.2 0.1 0 0.1 0.2 0.3 0 4 05 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6

Xindia) =177/7 _1,56< Min 1.69(GeV/¢) X /ndf(Data) =8.93/11 1.6< Minx 1.7

- X°Indf(MC) = 32.418 POF:139373ev | 20 X /ndf(MC) = 27.4/12 PDF : 67.58.2
>r %i% | I Data: 15 3.87ev | ;o ¢ Data: 62.5- 8.84

i g S N i — MC : 647.64
0@5‘ T e L kbl Og% ‘ .
-0.5 -04 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 05 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6
e — _1,69< Min 1.83(GeV/&) X /ndf(Data) =0/0 1.7< Minx 1.8

- X°/ndf(MC) = 9.86/8 POF:122349ev | 20 X /ndf(MC) = 14.8/11 PDF : 67.6 8.2
| B ‘;E@ﬁ@ e s

i 1 MC : 58:57.26
. L veseseer | L e . MC: |
-0.5 -04 -0.3 -0.2 -0.1 0 0.1 0.2 0 3 0 4 05 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6

X(/ndi(Data) =216 _1,83< Min 1.97(GeV/é) X /ndf(Data) = 3.04/7 1.8< Minw 1.9

- X‘Indf(MC) = 9.94/8 POF:102326ev 1 20 7x 2/ndf(MC) = 16.9/12 PDF : 66.9 8.2
5+ - .

i + Data; 1#3.32ev - C | ] Data: 54t 10.4

r 1 10 = Y — x

I @/— — | m MC : 2.7 1 M T C :5627.18
O—r—r—f#“#‘ ‘HH\L‘ ! L L ev”‘ 0 — ‘\“‘\Ti“\“‘
-0.5 -04 -0.3 -0.2 0.1 0 0.1 0.2 0 3 0 4 05 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6

lengf(D?ta)‘z 1933 ~1.97< Minx 2-1(GQV/‘3) | 7x2/ndf(Data) =6.16/11 1.9< Min 2

- X'Indf(MC) = 15.415 PDF:8.182.85ev | 20 }lendf(MC) =9.69/10 PDF :53.27.3
Sr Data: &224ev | 0+ | Data: 48 6.93

% MC 14817ev | T ﬁzﬁiﬁ%g%ﬂ&flﬂaﬂ
0 T L L 0 — Y - C P— ‘ R
-0.5 -04 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 O 4 05 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6

In the 5-0 Box:
Signal Eff = 9.4%

Expected BG =9.1+1.7 ev

In the 5-0 Box:*=©*Y
Signal Eff = 5.8%

Expected BG = 52. 2¢
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Blind Opening T — py/m’
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T — pY T — pm’
T T T 05 T
0.4 | = signal MC
e Data
0.2 r : . f 0l . :;.j 5._.'_._'5 -.:-::;ﬂr:'- ::;:j..;.-s .:.
= s S I it i it T O KSR
) \ms O o . TTIIgel e o
g0 it O KRR A L APEAE ) I
| 5 Ak I ¢ s e
<J PR < ERIRS ~
02 Lo, T 08 L
04 | : L
16 1.8 2 L5 16 17 18 19 2
Minv (GeV/&) Minv (GeV/é)
1.69<Min¥ 1.83 (GeVR) . 1.68< Minx 1.85 (GeV/)
PDF:12.235 - 30 } PDF : 114.9 10.7

Data: 12H# 11

75
Data: 2 4.5 25F i
N } l MC :982.6 | 1 = MC - 1049.6
25 —— . 10 - |
[T 0 S pFeTh AN

| 0

0
-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6
AE (GeV)

In the 5-0 Box: In the 5-0 Box:
Observed: 16 ev (9.11+1.7 expected) Observed: 70 ev (52.2+7.3 expected)
diff: 6.94+4.3ev (1.60) diff: 17.8+11.1ev(1.60)
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Evaluation of UL

The likelihood function of the UEML method:

e_(s_l_b) N

1=1

L(s,b) =

N

where N : #(obs. ev), s : #(sig ev), b : #(BG ev),
S; . PDF of the signal, B, : BG PDF

The s and b are determined to give the Max(L(s, b)):
{ r— —>py s=0.16ev, b=15.8ev 17 175 18

Minv(GeV/c?)

r— —pn® s=31ev, b=669ev sS; + bB; (7 — pw°)

The UL of the sig ev @90% C.L. sgg are estimated
by using TOY MC:

T — DY Sgo= 3.7 eV (+O77 SyS.)
7~ — pr® sgo= 9.8 ev (+0.75 sys.)

The UL of Br @90% C.L., B < sg9/2€Nr+ :
B(r— — py) <3.0x1077

1.7 1.75 18

B(T_ — ﬁﬂ-o) < 6'5 X 10_7 Minv(GeV/cZ)
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¥a] Selection Criteria T — Am

1-8 prong with net charge = 0 signal side

Thrust magnitude > 0.9
Divide into two hemispheres by thrust axis.

A selection:
# Proton-ID: P(p/m) > 0.6

o A fake veto by e-ID < 0.1 -
o Select “Good A® (Explain later)
® |Mj,| < 5 MeV/c?

s p{M > 1.75GeV/c
DPmiss > 0.4 GeV/c, 17° < Hm'i,ss < 150°
529 < E€M < 10.5GeV, cosO¢

V18 miss—tag

tag side

f

> 0.0
st ta
N79§1, N79§2

Proton and Kaon veto for tag side trk and 1st r:
P(p/7w) < 0.6 and P(K/p) < 0.6

meSS>15m 1

miss Search for 7 — pw/ﬂ'o and A7, 2004.09.15 Tau04 — p.12/22
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A Selection T — AT
“Good A” condition:
Py (GeV) | fl (>) (cm) | dy (<) (rad) | zdist (<) (cm) | dr (>) (cm)
0.45-0.5 | 0.5(<15) 0.4 1.0 0.1
0.50-1.5 0.24 0.1 2.1 0.033
1.50 — 0.35 0.07 3.0 0.02
X Ldt = 155 fi5'
y A §2oooo— I-t data
8 uds+otherBG (M
o uds (MC)
S —— T-ATT
15000~ }
:
%5 10000~ T
=
- C
p
5000~ — <]
i iﬁ'@m

000
971 1105 111 1115 1.12 1.125 1
) Mass (GeV/c")
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Blind Analysis r— Am
BELLE
> COVERED
O 04 -uds(104/fb) > k— °
< et O B Blind Region:
02 - ° + 50 of M;n.
| (1.76 < My, < 1.80 GeV/c?)
S ~0.5 < AE < 0.5 GeV
0-" ° ;o
Bo o O1 7 Signal eff. = 13.1%
02-8% 0o o
N © o
04 -
?)oo* | ° * | .
15 16 17 18 19 2

M., (GeVIc?)
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Differently from the = — p~/#° case, we consider two = — A decay
modes:

1. B — Lconservingmode: 7=~ — An~ (A — pr™)

2. B— Lviolatingmode :7= — An~ (A — pm™)
(and charge conjugations)
We can simply distinguish between these two modes by the chgs of two
pions:

1. B — L conserving mode: the two pions have opposite charges.

2. B — L violating mode : the two pions have the same charge.

Search for 7 — p-y /7TO and A 7t, 2004.09.15 Tau04 — p.15/22



B — L conserving: (a) B — Lviolating: (b)

AE (GeV)

AE (GeV)
S o o
() o () N

o
SN

BELLE

1.75 1.8
M., (GeVi€)
A ()
o /e
A R
op A\ A >
j 1 1
RN
i % ¢ .%0 " it
E:I m e Fl ! A [}
- g @@ | ® <
i il
E%D 0 e EA: Dé
" e |
16 1.8 2
M. . (GeVi€)

AE (GeV)

0.2

-0.4

0.4

0.2

o
— |E 9. |
1.75 1.8
M., (GeVi€)
~/(d)
o} !
- i
O .
o L .
oo ® :'E:m:: 2
g0 0 %ADI i (Y
g9 lon| AT
0P Ag . 9o o
.. Et]: :D A
o Do
® o e A AA
° ° E.E DA .
o | P A
1.6 1.8
M. (GeVi€)

=y Blind Opening & Results - — A

We evaluate UL of Br in the 90%
elliptical region. Assuming linear BG
distirubution:

con. VIO.
Eff(%) 11.8 11.7
#(ev) in 5 3)
side-band
Expected || 1.7 +0.8 | 1.7 £ 0.8
Observed 1 0
590 2.77 1.47
B(x10~7) < 1.3 < 0.70

S90

Feldman-Cousins UL of sig

@90% C.L. including systematic errs
evaluated by POLE program
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Summary

® 7~ — p~/7% We obtained new BR ULs (Preliminary)

B(t— — pvy) < 3.0 Xx 10~7 @ 90% C.L. (87fb—! Data)
B(t— — pr%) < 6.5 X 107 @ 90% C.L. (154fb~! Data)

Comp. btw Belle & CLEO Belle CLEO Ratio(CBLelg%)
(in the 90% ellipse) Dy pr®  py prn® | pvy prd
Eff.(%) 87 57 107 84 | 08 0.7
Lum.(fo~1) 86.7 153.8 47 47 | 19 33
Observed Ev 6 41 1 14 | 6.0 2.9
Obs. Ev/Lum 0.057 027 021 3.0 |1/37 1/11
B(x10~7) 3.0 6.5 35 150 | 1/12  1/23

We succeed to reduce large BG due to the effective proton-ID.
® 7~ — A/A m— : We obtained BR ULs (Preliminary)

Bt~ - Am7) < 1.3 X107 @ 90% C.L. (154fb—! Data, B — L con.)
B(t— — Am~) < 0.70 X 10~7 @ 90% C.L. (154fb—! Data, B — L vio.)

These results are the first measurement ever performed.

Search for 7 — p~ /7" and A7, 2004.09.15 Tau04 — p.17/22
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Backup Slides
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TOF & dE /dx

T —>p’y/7'ro

To further reduce pion BG, we used dFE /dx in Central Drift Chamber and TOF
information, PTC (p/w) = LT /(LTC 4 L), where

£TC — ETOF % ECDC’_

. e Data
02 - sigMC -
_ ] MC
@
3
10+
o

.

o

0 0.2 0.8

0.4 0.6
atc(-1,1,5)(p/m)

ﬁttﬁj

Our Proton-ID scheme:

0. lepton rejection
(e-ID < 0.8, u-ID < 0.8)

1. 1GeV < P < P},
and ACC Not Fired

2. PTC(p/m) > 0.8

3. P(p/K) > 0.8 forr — pn®
(to reduce BG from + — K™*v)

Search for 7 — p-y /7r0 and A 7t, 2004.09.15 Tau04 — p.19/22



Discussion of the Result 7 — p7°
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Short discussion of the signal like excess of = — p=°.

log likelihood as a function of s:

T
" Red line: Max(In £)—0.5.
_E21'5 I  =>x1o0o0fsis —1.6~8.8.
O.122 - s = 0 within one &
1225 -
\ \ \
5 0 5 10
S

Thus the signal like excess is possibly due to the statistical fluctuation.
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Systematics T — py/m
Sources Sys. related to detection sensitivity

TPy T — pr
Tracking eff. 2.0% 2.0%
Photon reconst. eff 3.0% 6.0%
Selection criteria 2.0% 4.0%
Trigger eff. 3.0% 3.0%
Proton-1D 2.5% 3.0%
MC statistics 0.2% 0.3%
Luminosity 1.4% 1.4%

TT Cross-section 0.03% 0.03%
Total 5.9% 8.7%
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Systematics T — AT
Sources Sys. related to detection sensitivity

A selection 6.0%
Proton-1D 3.0%
B(A — pm) 0.8%
Tracking eff. 4.2%
Trigger eff. 0.5%
Selection criteria 4.0%
MC statistics 0.7%
Luminosity 1.4%
TT Cross-section 0.03%
Total 9.1%

Search for 7 — p-y /7TO and A 7, 2004.09.15 Tau04 — p.22/22
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