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KEKB factory and data sample

*  An asymmetric energy eTe™ collider at KEK.
* LER(e™):3.5GeV e
HER(e™): 8 GeV
Crossing angle: +11 mrad

b
d

Y Y(49)

e+
«  Target: ete™ > Y(4S) - [/ “le(stEf{)(;gv
*  Main background: ete™ < e

about 3 times larger cross

* The CM energy of eTe™ S
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Integrated luminosity of B factories

> 1 ab™?
On resonance :
Y (5S): 121 b !
Y(4S): 711 fb!
Y(3S): 3fb!
Y(2S): 25 b !
Y(1S): 6 fb !
Off reson./scan:

~100 fb!

~ 550 fb!
On resonance:
Y (4S): 433 fb !
Y(3S): 30 b’
Y(2S): 14 fb!
Off resonance:
- 54 fb!


http://jp.f35.mail.yahoo.co.jp/ym/ShowLetter/ringanimation2M.gif?box=Inbox&MsgId=2406_9445966_98224_1696_384623_0_1738_499387_3403004772&bodyPart=1.4&filename=ringanimation2M.gif&tnef=&YY=43275&order=down&sort=date&pos=0&view=a&head=b
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B vertex determination
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Su perKE KB  nano-beam technology

Asymmetric energy e+e- collider at KEK: 7 GeV e- and 4 GeV e+ A 30 fold increase in instantaneous luminosity over
Belle, ¥ =6x 10¥cm™%"
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Belle I| accumulated data

| ] ]
L u I I I I n OS Ity Belle Il Online luminosity Exp: 7-26 - All runs
St t . mmm Recorded Weekly
a USG 15.0 4~ . IcRecordeddt“—"427-79[fb71] ............. - 400

Collected ~428fb ' since April 2019

- 300

Slower luminosity accumulation than inifially
planned, but with ~90% data-taking efficiency

- 200

Record-breaking instantaneous luminosity:
41 x 10%*ecm~%~1

Highest daily integrated luminosity: 2.2 fb*
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One half of Belle data
before 2022 LS

Short-term plan: shutdown in 2022

full PXD installation — important to maintain good vertex
resolution at high luminosity

1000

Goal: 50 ab™*!




Physics topics at Belle (1)
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Basic quark diagrams for charmless B decays

Interference between comparable amplitudes causes big cp violation

b

L_ooking for deviations from the SM predictions of a small BF or Acp

v



Challenge : continuum background suppression

Need to develop good pattern
recognition tools (Al) in order to fight

against huge continuum background in

rare B decays!

“ <
qq pairevent  °
© 2-et like

continuum
v/ p(q) ~ 5 GeVic

B decay event

Spherical
B decays
p(B) = 0.3 GeV/c




B signal reconstruction

Gaussian

"ARGUS" function

Mbc

AE

~
Signal Box

BF = Nsig/€/Ngg

AE=E(B cand.)—Ebeam

M. = JE peam— P(B cand.y _
be eam = ) Determine

(all in CM frame) Signal and
background
shapes and

use likelihood
fit method to

extract signal
yield

0
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Motivation for studying B® — pX n~

®* Branching Fraction :  wWe observed the deviation between theoretical prediction
and experimental measurement

_ Theoretical Value | Measurement With big axial vector
B0 - pAmT~ 1077 ~3x107° [3.14+0.29 x 1076 and pseudoscalar contribution

B° - pEm~ ~ 1.6 X 1076 ? for BY — pAn”

® Threshold Enhancement (TE) :

We observed TE in B® — pKﬂ_ channel
Factorization approaches

QCD counting rules
Cheng & Yang Phys. Rev. D 66, 014020 (2002)

Chua, Hou & Tsail Phys. Rev. D 66 , 054004 (2002)
Chua & Hou Eur.Phys.J.C 29, 27-35 (2003)

® cos, Asymmetry : Phys. Rev. D 76 , 052004 (2007) ¢ °[@
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In BY - pKn_ study, we found cos6,, asymmetry ++
which cannot be explained by the b — sg picture :

+
+

*Hp is the angular between p* and ht
In baryon pair rest frame
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cosep
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https://inspirehep.net/literature/748975
https://inspirehep.net/literature/748975
https://inspirehep.net/literature/748975
https://inspirehep.net/literature/748975

Inclusive pAm~ event reconstruction

p KO
—0
B .
- ‘ :‘ _

. The energy of photon radiated from X

: Is about 200 MeV below (as soft as background)

Signal Background

0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6
E,[GeV] E,[GeV]

® Reconstruct our candidate with charged particle and measure

B° - pxﬂ_ simultaneously

11



Fitting variables
PHSP SiQ_”ﬂ_' 140 | TE S!_g;r_\al e *Red line is signal region

0.2 0.2
045 H— . 120 0.153— Lot ] . ]
| : Energy Difference (AE) :
01— """"""""" i 0.1:— 200
| : i = E*
005 - 0.05;— - AE= Ereco o Ebeam
I N i3 ) w®Ey . m Constrained Mass (M) :
—0.05 n —————————————————— e -0.05— ERE—— L v e
o1l N o4 . 2 %2
) e Lo N e . My = \/Ebeam — DB
5.2é | II5.24I | I-5.25“I | I5.26 5.27 5.28 . 5.23 . 5.25 5.26 5.27 5.28
M, [GeV/c?] M, [GeV/c?] * means CM frame
50 200 . .
=R ey = meemerie | @ Fitting region:
A pEin 175 g ;:T:;glfj enhancement B"-»pz®n
40
10/ 523 < M, < 530 GeV/c*
30- 125+
L0, —0.14 < AE < 0.20 GeV
201 75
- ol ® Signal region:
5.26 < My, < 5.30 GeV/c*
R | | | 0523 524 525 526 527 528 5.
0.1 gE[GeV] 0.1 0.2 5.23 5.24 52|_:>I|bjc2;6e\/]527 528 5.29 _0'14< AE < 0'00 G'eV

® No significant discrepancy of
distribution between TE and PHSP
12



Background study: rare & generic decays

®* Main rare decay background list:

Decay channel B(107%) in decay table B(107%) in PDG
Bt - pK 0.37 0.24%5:32 + 0.03
Bt —>p§ 1.5 -

B+ prO 5.7 4.78%5:87 + 0.60
Bt > AAmt 2.8 <0.9

BY 5 AA 0.3 <0.3

BO 55 AY 1.0 -

BY =YY 1.0 -

* Narrow down AE region can eliminate most rare decay

Candidates per 0.0003 GeV

® Rest of rare decay are too rare and overrated by decay table

* Main generic decay background : BY - pA7

cut off 2.15<M,,, <2.30 GeV/c?
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0 005 01 015
A E[GeV]
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PDF modeling

525 526 5.27"2 5.28 5.29 5.3
M, [GeV/c?]

525 526 5.272 5.28
M, [GeV/c?]

5.25 5.26 5.27 5.28
M, [GeV/c?]

® Signal :P(My,.) x P(AE)
P(Mp): 1D HistPDF
P(AE): 1D HistPDF

® B0 s pATT™ :P(M,,) x P(AE)
P (My,): Double Gaussian

P (AE): Triple Gaussian
(Self-cross feed : 2D Kernel)

®* Background : P(My.) X P(AE)
(gg+BB+Rare decay)

P (My,): ARGUS Function
P(AE): 2nd Polynomial



Likelihood fit results
* Whole M 7 region:
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: 450 Be”e 71 1fb T 17T [ LI 1T 17T T 17T L _| E 450 _Bielll\e |7\1| 1\f|b1 T T 17T | 1T T 1 _]
5 b Total PDF 1 &,.0 Total PDF E
?—: 400 L Background ] c 400 . Background ]
P BopAn . 3 e B—pAn E
3 350t Self-Crossfeed of B — p A = ] £ 350¢ Self-Crossfeed of B = p A ]
Lo F meeeee Signal B ,_% 300 "ttt Signal =
- —e— Data ] —e— Data .
250 = 2501 =
200 f —f 200 - =
150/ g2 & 150F 3
100f N = 100} =
50 é - 50L =
0 F1==ri==r1==ka I'-’:.J [ l“Pd..I st d ot aa oy LJ: I I Ll =l s *1 |.|-T"'|. .

-0. 1 —0 05 0 0.05 0.1 0.15 0.2 é’.23 524 5.25 5 26 5 27 5.28 5.2 3
A E[GeV] M, [GeV/c?]
(a) whole fitting region

250 Bellel 71 1fl|)" | Belle 711fb"
: [ LI T 17T L L r T 1T 17T [T rT 117 17 1T T 171 ] 5" B L | L ‘ L | LI L 1T 1T LI ]
g i Total PDF i g 140 Total PDF —
- T Background - e [ aeee- Background ]
@ 200 """ B—pAn . <120 ..... ~p R .
% - Self-Crossfeed of B—p A | %’ - B=pAx —_ .
> L . @ r Self-Crossfeed of B = p A =« 7
Weor o Signal D 100f Signal 1

| —&— Data - Tt ] - -

- i * .
150|- + e Data ; Projected region :
5.26 < My, < 5.30 GeV/c*
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(b) projected in signal region
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Belle 711fb’’

Fit results In TE region
'M 7 <2.8 GeV region:
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[ Phase space B-»p3°n-
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L = - -
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TE Region

*Projected region :

526 < My, < 530 GeV/c?
—0.14 < AE < —0.05 GeV



Differential branching fractions In M, & cosb,

o0

dBr/dM _

Consistent with

— pAm™ channel:
L L B BN B ELRRNRERA

previous study

x107°
F I "?;|25|_I T
O -
o i = i
> o _ =R
o 10 MC 2 |
g 8 2 |
© —e— Data 2 r
o i ©
s

—
o
T T T 1

I - o5l
- .0 ] i 1
U
M -[GeV/c?] cost,
B0 - p¥7~ channel:
Region Signal yield Significance (Stats) | Significance (Stats+Sys)
Threshold<MpX<Iimit 50.29118-9¢ 3.000 2.980
M 5 < 2.8GeV/c? 36.7015:35 3.560 3.500
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—0
Summary for B® » pX m~ _Phys. Rev. D 108, 052011 (2023)

*The result of BY — pxn_ IS consistent with previous study

® First measured 3.5 ¢ B® - pfn_ signal with TE

® Agree with the theoretical expectation

COSQP distribution of B® — pfﬂ_ needs more data

B® = pAn~ B® - pEm™
Threshold Enhancement \/ \/
CoS 9p Asymmetry \/ Not enough statistics
B.F(107%) Significance
B® - p¥m- 1.17%355 £ 0.07 3.50
BO — pAn- 3.21%55: £ 0.16 18.550

18


https://inspirehep.net/literature/748975

Motivation for studying B* — pnn’

*B(BY - pnD*™) = (1.4 4+ 0.4) * 1073 (CLEO) vs B(B° -» ppD*Y)
= (9.91.1) * 10 —° (BABAR), clear deviation from naive isospin
symmetry due to color suppression

* Significant yields for both B(B* - ppr™) = (1.62 + 0.2) * 107°
and B(B® -» ppr?®) = (5.0 £ 1.9) x 10~7

®* Determine the contributions from the transition or current
produced diagrams for baryon pair

(2)B* — pprc™ (b)B* — pnn®
/ =3
B L = L




Mechanism for nn detection and identification

®* n has high chance to annihilate in Belle2 EM calorimeter, which
has crystals with 16.1 X, in length. This process makes extra
energy deposited at GeV level with distinct shower shape.

® One can use machine learning to develop an n tagging tool to
separate n fromy.

®* The cross section 6ecm X 6 cm of each crystal also provides good
resolution in solid angle. This helps us to determine the direction
of n.

SIDE VIEW

Barrel Forward
Belle i KEM

KLM Super conducti KLMm

0

= X ®
dcap |~
g Tpp® ||




n selection and Bt - pnr’reconstruction

+ 1. Get E,, Ey, P,, P, from CDC and other detectors.

« 2. Set constraints: M-, Mg (from PDG) and
Ep=Ep+Eq+Eq, Pp=P, + Py + Py,

« 3. Get 6, ¢ from ECL cluster and set:

’15;—“= (sinHCOSQb,SiHHSiHQb,COSH,\/l+M,%/P,%)

* 4, By applying Mg = \/Eé — P constraint,

we can determine P; to reconstruct Py , ETp,

and obtain AE = Eg — Epeam

21



Performance of n tagger

BDT output from MVA ROC curve

* This model can well separate 7 ®* The ROC curve shows background

from other patrticles, especially rejection rate against a fixed signal
for v | efficiency. It also shows the model

having good performance from the
AUC(>98%).

04 [+

0.2 [

0.6

0.4

0.4

0.6

0.8 1 0
MVA
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Compare MVA training information for data and MC

r - 1 i + By =08
N— pr
= 1 F
- MC =
= [Jata Z .t
00 0 '
ar 05 10 2.5 00 02 04 04 08 LD

| ] 20 i}
FF e (GEV) p Cluster E,/E,,

“r E tuee = 05 GV 0.5 GeV
::‘:3 2.1
L0 =
< =
—
E 15 "
- I=
T >
el r
&S|
g
ﬁ 05 [
0.0 | A0 {0 '
i i 1.0 1§ i 5 10 15 2 26 0 5 10 15
p Cluster Eypq (GeV) p Cluster N .. 7 clusterLAT (em)

23



Correction table from A4 — pz ™

Calculation of Calibration Factor

C+6C=

evc + S€yc

& aof
& o5}
S
S a0t
S st
=
@ 10k
c
2 st
w

Tyl ey
p[GeV/c]

1.90
1.60
1.35
1.15
1.00
0.90
0.80
0.70
0.60

0.00

BW -0.45

Apply MVA cut to

€data + 5€dam )

obtain the eff. ratio in bins
of p p and cosd

Determine correction table

0 k= a+-1 L 1 ak
1105 141 1415 112 11425 113
M,.. [GeV/cT

-0.30

for different cut values

Factor1 with cut = 0.50

1.5
1.4

1.3

1.2

0.5
cosb

FW

-0.15 0.00 +0.15 +0.30 +0.45 +0.60 +0.75
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Validation using MVA to select p for BT — pph™

— - 600
S 300 | S
o C - N - :
~ | 5 50
S 250 S N L TR 10 o5 g N; = 450.7 £ 45
> Y 1 * ) > r r -
2 200 { 1! 7w 400 N, = 22425.4 + 1570
P -
[ +
o o 300
§ow fo : (I |
10{}_ ) J . 200_ ] B T ﬁ ppj z _
50 100} ]
..u\““\\l L jm | hessshirish \ hoae)
—%.01 0 0.01 0.02 0.03 0.04 0.05 Qs
AE (GeV)
g F 600|-
§ 0 -
&
5 600 500 )
S - N, = 1248.1 + 82
S %00 a00f N, = 22425.4 + 1570
- -
2 400 -
0 C 300
W 300"
, 200 B + N +
T - ppK*
100 100[-
0501 0 001 002 “UTGOSTTTGIOET"G0s 0

AE (GeV)

Red: Signal, Green: Background

By combining fitting results of BT — ppr™ (K ™) and their signal efficiencies in MC respectively, we got
B(8= - ppr) = (IEEGENENIONE) - 10~° ond B(E* - ppk*) - (MSENEN0) 10~

By previous studies, B(B* — pprr®) = (1.62 + 0.2) * 107¢ and B(BE — ppK*) = (5.9 + 0.6) = 107°.
25



Systematic uncertainty for n tagging

53000 L | *»  p-C data
E || n-C data
E ; p-C OPM (Friedman})
= = l : A-C OPM (Friedman)
25001 | — — p-C Glauber mod . (Lee and Won a)
[ ' -G Glauber mod. (Lea and Wong)
|I “ vemeeme pelG OPM [Lee and Waong)
| B n-C OPM (Lee and Wong)
2000/ | ‘ i m  p-C data ASACUSA
1500 '|,]| * -
Z ",
A Y
N \
1000 \ o,
5"'0__ "‘“"‘;;"-'_-'—*-:-_-_.a____ .
L1 ]JIIIlLlI]JJIIII.lL]J]]III'.LlJ]]IIIl'.

hitps:/fdod.org/ 10105 Lepjconff201 8 18203013

Ll LI L
0 100 200 300 400 500 GO0 YOO 800 900

phb [MeV/c]

« Dominant source Is the different
annihilation cross-sections
between n and p , especially in the
low momentum region

» Correction table related statistical
uncertainty and smearing across
neighboring bins

 Total Is estimated to be 6% for
Bt - pnn®
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Fit results for B* - pnn®

1200—
— 1000
> .
(o)
8 800 B Total
= ||}l pAr®
. M= Signal
o 600
R 11l 100X pAr®
;; BN 15X Signal U.L
= 400
@ [ f e,
&
20015 e,
3 :..:-'-M’I,.
OFB i v s e ::t::’.‘.".'.'.".X'\'\\'\\'Kl“i'&'i\mu
-0.01 0 0.01 002 003 004
AE (GeV)

Signal yield = -28.7 £ 49.0

BB -» pnn®) < 6.3 x 1076

700}
j M Total
| B0 Signal

e Wil 100X pAn?

N ; BN15X Signal U.L

© :

© 400

33 i

2 I

c 300

2 I

> }

w |
200| oy
100|

Oi ------ -ouunﬂ:?:‘::“.; .................................. ~—
6 <4 -2 0 2 4 s
Cnbh

Uncertainties B* — pna”
.'.\'IEB 1.4
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p identification 0.3
x” reconstruction 2.3
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Summary for B T PN O phys. Rev. D 108, 112007 (2023)

® The search result for Bt - pnn® is negative
only upper limit is obtained

®* Developing an n tagging tool is successful

Efficiency correction table and systematic uncertainty
can be applied in future data analysis

* More decay modes such as B® - pnr~, B® > pnK ™
etc. should be studied
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https://inspirehep.net/literature/748975

Prospects

*Bellell will collect 1 ab-* data in two years and
we will combine Belle and Belle Il data for
physics search

*Some puzzles from baryonic B decays can still
be tackled with Belle data

®* More results of anti-neutron In the final state
from B decays will be reported in the near
future

29



