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New physics search

Energy frontier
~direct approach~

SM NP

> ............ < )

Directly produce new particles
using high energy collision.
l

Sensitive to the energy scale of NP.

Luminosity frontier
~Indirect approach~

NP

SM SM

Find signatures of new particles
In the iIntermediate state.

l

Sensitive to the flavor structure of NP.

The Belle Il experiment is a luminosity frontier experiment.
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The Belle |l experiment

The Belle experiment
- KEKB accelerator upgrade -
. Belle detector :

The Belle Il experiment
SuperKEKB accelerator
Belle Il detector

Search for new physics beyond the Standard Model
with high statistics data up to 50 ab-! integrated luminosity.

Interaction

—

L= \.: o

LS

electron ring ]
4

~S gl [ —3 !
o 2

L o

positron ring

& e
>

positron damping ring \s !)‘_

Region Belle Il detector

electron / positron
linear injector

The SuperKEKB accelerator

2019/10/1

BEAUTY2019

The Belle Il detector




The SuperKEKB accelerator

Interaction
Region Belle Il detector
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electron ring :
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positron ring electron / positron

linear injector

positron damping ring

N

- Asymmetric beam energy . Boosted BB pairs

—e (7 [GeV]) and e*(4 [GeV]) —Lorentz factor : 8 ¥ =0.28

e” —> <« et =>Y(4S)=> BB - Target luminosity : 8x1035 [cm-2s-1]

—Luminosity at KEKB x40
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The Belle |l detector

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
(end-caps , inner 2 barrel layers)

—

EM Calorimeter
CslI(TI), waveform sampling electronics

WA
o\ h>
\

—~—

S—
——

Particle Identification
= Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

electrons (7 GeV)

Vertex Detector

2 layers Si Pixels (DEPFET) + !:\:u

-

4 layers Si double sided strip DSSD | | » i "

gy

positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

Belle Il TDR, arXiv:1011.0352

- General purpose spectrometer - 30 kHz readout
. Seven sub-detectors - High background resistance
. ~4 1 acceptance - Good particle identification
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History

[Feb. ~ June 2016] Phase 1 : beam background study w/o Belle || detector
[March ~ July 2018] Phase 2 : Belle Il detector w/o VXD

First collision!
[March ~ June 2019] Phase 3 : Full Belle |l detector

First physics run with full Belle |l detector

Belle Il online luminosity Exp: 7-8 - All runs

Phase 3 run summary
- Collected 6.5 fb-

with full Belle |l detector
- Peak Lumi. at data taking

Integrated luminosity [fb~1]

EEl Day per Day
m— Total

Total [ £ dt =6.49 [fb™]

0.30 A

0.25 A

0.20 A

— Lo = 55X 10°% cm™?sec™! 015 B
- Lumi. challenge (SuperKEKB peak)
— Loy = 1.2X 10°* cm™2sec™! |

Total integrated luminosity per Day [fb~1]

0.05 -

0.00 -

We have started to look into
various physics processes. S & & & &

2019/10/1 BEAUTY2019
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Rare decays

Rare decays have high sensitivity to search new physics.

— New physics contributes in loops or new tree diagrams.

Some new physics models contribute some of rare decays.

— New physics model can be identified by patterns of deviation from SM.

Belle Il Physics book :
arXiv:1808.10567

%% : Sensitive

%% : Moderate effect

% : Small effect

[1: No specific study

X : No significant contribution

Multi-Higgs Models (§17.2)

Experimental Sensitivity
generic SUSY

MFEV (§17.3)

Z'" models (§17.6.1)
gauged flavour (§17.6.2)
3-3-1 (§17.6.3)

left-right (§17.6.4)
leptoquarks (§17.6.5)
compositeness (§17.7)
dark sector (§16.1)

Observables

b — s EW penguins:

X
*
X
O
X
O
X

* K K * * K Kk

AAcp(B — K®7) * x %

Radiative Penguins:

B(B — Xs7) xkk | krkx | kkk | kxx | x| x| % * * *x %k | X
Acp(B = Xsta”) *hkk | xxx | kkk X * * * Kk * * X
Scp(BY — K270~) | wxx | wxx | kxkx [ *xx | % * * | *% * * %Kk | X

Scp(BY = p) XKk | kxx | kkk | kxx | * * x| xk * O X
BY — nWy lifetime | xx% | **x | *%* | %% * * * x * O X

Measurement of rare decays are important to search new physics.
2019/10/1 BEAUTY2019 10




Rare decays

Rare decays have high sensitivity to search new physics.

— New physics contributes in loops or new tree diagrams.

Some new physics models contribute some of rare decays.

— New physics model can be identified by patterns of deviation from SM.

~
> b~ ~ .
s | = o R Belle Il Physics book :
5 d - P~
'z < i — - S -
;| 2 0 I N P I I~ arXiv:1808.10567
I SN VR R T I B I
= = - s |z 58|25 ;e L
= &8 | 2 C |22 lelz| & | £ | 5| Sokk:Sensitive
- £ %2 |2 |2|S|z2|2a] E| % |G
S Z e 2 |ElE|ZF] E| & |2| Yk:Moderate effect
o1 = < @9 . S| o | 2 g =
Observables Lg = & = N S | b 9 9 3 =z * . Sma” eﬂ:eCt
Semileptonic b — s Penguin Decays: []:No Speciﬂc Study
B — K(®*)¢¢ angular *k X X *x *k X *k X * x % *Kk X X * No SigniﬁCant contribution
R(K™), R(K) *x X X X x| X | xk | X | kkx *x X
B(B — Xst0) * % * X X *kok | kk | X | kk | X | kokk *x X
R(Xs) * % * X X X xx | X | oxk | X | kkx *x X

B(B - K®)r7) xk Kk | kokx X * * X * X | okokx * X

B(B — Xs77) O * % K X * * X * X | okokx * X

B(B — K*)vv) * % * X X * * X * X | okokx * X

B(B — Xsvv) O X X * * X * X | xkok * X

Measurement of rare decays are important to search new physics.
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Rare decays at early Belle |l

- There are many rare decays
— Radiative and electroweak penguin
— Charmless hadronic
— etc.
- Today, two decay studies will be shown.
— B - K*y
— b — s radiative penguin
— Most major mode in radiative B decay.
— B —> Kn

@ — § radiative penguin },\
u,c,t

\b

b — s penguin

S/

— b — s penguin + b — u tree

— Direct CP
— Most major mode in charmless
hadronic B decay.

2019/10/1 BEAUTY2019
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B —» K*y sStatus

- Flavor changing neutral current (FCNC) Phys. Rev. Lett. 119 (2017), 191802

— b — sy process

BB - K%) =(3.96+0.07+0.14) x 107>
RBBT - KFy)=3.76 +£0.10+0.12) X 107>

Ag, = (+62+1.5+0.6%12)%

Uncertainties Belle 2004 78fb" °
first : statistical +1.2£44+26
second : systematic
. ) Babar 2009 347fb’
third : f+-/foo bl / ——@

+66+21+22

- Isospin violation. N
—Evidence : 3.10 152426 —®
— Constrain mSUGRA parameter space.

Belle 2017 711fb"
+62+15+13 H—@—H

Isospin violation can be found -10 -5 0 5 10
with >5 o precision at Belle IlI. Ag.(B — K™ ) [%]

2019/10/1 BEAUTY2019 14




B — K*y results at Belle |l

. Search B —» K*y decay using three decay modes

—B? > K% - K*z")y 10 F *
. 0 - Bellell 2019 [B® - K% — K'ny
—BT" - K (= K'n)y

| preliminary B* - K™ — K'nd
+ 4 0_+ ! _ + HlB —K™ — Koy

il L

0
5.2 521 522 523 524 525 526 5.27 5.28 5.29
2
m, [GeV/c?]

Events / (0.002 GeV/c?)
(@))

52

. Distribution of beam energy constrained mass m,,. = \/ beam — Pp

clear peak is seen at my = 5.28 GeV/c?
- Signal yield and significance is obtained by fitting. — next page

2019/10/1 BEAUTY2019 15



B — K*y sighal yield extraction

5 5r
«— 45F Bellell 2019 — 45F Belle I 2019
§> 4 F  preliminary §> 4 F preliminary
S ssf fL dt=26210" S ssf fL dt=2.62 10"
% 3§_B+%K*+Y%K(;TC+’Y ¢ g 3;— B%K'Y%KTIZO [ Y
) 25 F O 25F /N
=) : =) :
: 2 H : 2 - ¢ ® 'Y /..\
£ 154 L2 15}
G>J 1 ir ¢ ¢ ¢ [ G>) 1 f— (X ) ¢ ¢| e ¢
W o5 W o5k
O_ RIS BTSN AR | B N ] Qi1tE 0' 11 P P T DT U [ PP DUt b
5.2 5.21 522 523 524 525 5.26 527 528 5.29 5.2 521 522 523 524 525 526 5.27 5.28 5.29
m, [GeV/c?] m, [GeV/c?]
| signal yield significance
—~ - Belle Il 2019 . -
N§ 75 oreliminary (statistics only)
6
3 f Ldt=2621b" B° — K — K*17)y
5F
N F (B > K% — K'ny "
S 4L ! B* > K" (- K*n')y
O =
: :_" 'Y + >l<-|' O +
> 3 BT - K"(— Kizn™)y
C 2 L 'YX o ¢ ¢0¢ 1 b ¢, 0 ¢ . . . .
¢ Yields agree with WA branching fractions.
W 1F ? : C
bl el L T - Combined significance exceeds 5 0.

52 521 522 523 524 525 526 527 528 5.2¢

m, [GeV/c?]

2019/10/1
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B — Kz status

- Charmless hadronic B decay
. AAp puzzle : 5.6 o discrepancy

of the difference of CP asymmetry.
— Acp(K*77) = — 0.082 £ 0.006

— Arp(KT7Y%) = +0.040 £ 0.021

- Isospin sum rule can identify NP or not 2
BKzh) 1 <
Lo, = Acp(Ktn™) + Arp(Kont : Z
Kr CP( ) CP( ) BK+- T, 2
2B(K*TnY) 1 2B(K 7"
— ACP( K+7Z'O) (K77 .0 _ ACP( KOn.O) (K"7")

BKtn~ 1, BKtr~
— If I, # 0, effect of NP in EW penguin.

I =—14+11% (WA)

Events/(5 MeV/c?)

Need more statistics
for precise measurement.

2019/10/1 BEAUTY2019
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arXiv:1612.07233v2[hep-ex]

Phys. Rev. D 87, 031103(R) (2013)

Phys. Lett. B 627, 82 (2005)

Phys. Rev. D 58, 036005(1998)

600 |

MbC(GeV/cz)

18



B — Krx results at Belle |l

Search B — Kr decay using following decay mode.
_BO N Kin.i

—
(0))

o
NN EEE

¢ Data Belle Il 2019 (preliminary)
14 BO s h+h|' 1
-.«. Background fL dt =5.15fb ¢

o o

Candidates per 1.6 MeV/c?
o

_‘21 :Z::l:::Z:ZZ:ZZ:ZZ:ZZ:ZZ:ZZ:ZZ:ZZ"Z:ZZ:ZZ::Z::Z::Z::Z:ZZ"Z:ZZ:ZZ:ZZ:ZZ:ZZ:ZZ:Z::Z::Z::ZZ:ZZ*Z:ZZ1::ZZ:ZZ:ZZ:ZZ:ZZ:ZZ:ZZ:Z::Z::..:Z::ZZ:ZZ:ZZI
5.25 5.255 5.26 5.265 5.27 5.275 5.28 5.285 5.29
M, [GeV/c?]

yield : 26.3£6.2, significance : 5,460

Pull
OahhWw O \©) EAN
——i |
-~
=
—n.u—h YIS

S N

S R

B . 7
—F.-—F T

. . /N
Ll : >
I I
o :

—-—
| ——
To— |
. —o—
K=EuE
———
o

First signal of charmless hadronic B decay at Belle Il.
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Prospects for B — K*lI

b — sll process
— loop or box diagram

Anomaly of lepton universality : 2.4-2.50 from SM
— Latest Belle result is compatible with previous measurement.

BB —> K*utu")

R(K*) = 95’(B—>K*e+e )

1.8

—— Belle 201 9 Belle 2019

LHCb 2017 Prellmlnary
. AAAAAAAAAAAAAAAAAAAAAAAAAAAAA BaBar2012 ........................... ................................................ -- ...........................
i — ..SM..JHEP.“OL..Oga (2013) ..............................................

Y S N LT TTTTTT T PP PPPPPTTTTTTOTPPPPPTTTITINS ROTT [TTTTTTTTTTPPITY RRTTTTTPPTPTTTTTTe SOPPPPPN

2019/10/1

SR(K*)

0.6

0.5

0.4

JHEP 08 (2017), 055

arXiv:1904.02440v2 [hep-ex]

OR(K*) Includes both statistics

‘e,
I ; .,
H : o
O 3 ;“.?/, >
. : : /0,
‘/
: 7, : L3
: . ‘e,
: H ., *,
P P ‘o LR
0.2 N . D

01—

IIIIIIIII|IIII|IIII|IIII|IIII

and systematlc uncertalnty

A Bellell2019 el
...... ............ ....... .......... Projechons for R(K*)

TR YT W T O e qz ............ (0. 04511)GGV2

%*'-g-'qze(1160)GeV2
qze(150190)GeV2

10
Integrated Luminosity (ab™)

Expect to verify the lepton universality violation.

BEAUTY2019
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Prospects

Primary goal : collect L, = 50 ab™!

. Current status : very early stage with L, . = 6.5fb™!
e I . L I % e

3 S
Xl@l" L L.,
IU) - | T Hpeak.

N : .

co
| |

(=)}
| | |

B — Kuvp
SM discovery

()
| | | |

B — Kee
LFUV new physics

Peak Luminosity [cm
i

o
| |

n - - L] [ M B K
B — K*y : verify isospin violation B o K GTSOS 3 — Kr

. o _ pin sum rule
B — Kr : verify isospin sum rule Isospin violation

B — K*Il : verity lepton universality violation
B — hui : can be observed etc. We will provide many results.

2019/10/1 BEAUTY2019 22
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Summary

- Belle Il have started collecting beam collision data.

— Collected 6.5 fb-! integrated luminosity.

- Rare decays are important to search new physics.

- Studies of various processes have been started.
— Rediscovered B — K*y decay.

— Signal for first charmless hadronic B decay.
- We are searching new physics with rare decays.
— We will show many results.

stay tuned!
2019/10/1 BEAUTY2019
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Thank you for your attention!

BEAUTY2019
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SuperKEKB

KEKB_)SUperKEKB Ingeer;c;‘on Belle |l detector
. LER (3.5 GeV — 4.0 GeV) '
— longer Touschek lifetime

Bl

L= “-: 11:\ ——
electron ring .

- HER (8.0 GeV — 7.0 GeV) .

— Lo Itt b =

wer emittance beam .ﬂ/

electron / positron
linear injector

4
.’\\ = ‘;_ r 77/ /
— Lower Synchrotron radiation loss pesitron ring

- Luminosity X40 ;
— smaller beams X20 =7 @
— |arge currents X2 positron damping ring \

KEKB | SuperKEKB Major upgrades
LER/HER | LER/HER _
E [GeV] 35/80 | 4.0/7.0 - beam pipe
By at [P [mm] 59/59 0.27/0.30 [X20 - et source
AL 1.6/1.2 | 36/26 |* . positron damping ring
L'.fet'me Lmin| 130/200 ~10 . QCS for nano-beam scheme
crossing angle [mrad] 22 33 _
L [cm2s1] 21 x 1034 80 x 103+ |x40 - IR design etc.

2019/10/1 BEAUTY2019 27



SuperKEKB

“Nano-beam" scheme

22mrad

f

100um -~

SuperKEKB

83mrad

Continuous beam injection

(started from 14th, May)

Decay mode run

D19-0504 11.07

USANar 01y O - 020N Y x
HER Ioeart 3407 mA] |1 3.00 [mm] Ty 789
LER lpar: 3604 (mA] Ps: 300 mm] Do 789

v v 1 v v v v T v v 1 v v T v E"00 .
(‘\—5 250(_ 10

200 § )

—ise 3 (10

Peak L 20,50 [10°“fum”ss] @
Int. Lda y

47.08; 8833 [fpb)

=
=
3
—_ 3 =
= Ve e e M P QL0 |57
E —so = .
é ) —— 009 10°
2 1% o
3 o5 159 ¥
. loog 107
X = £
0.85 l' i | I
EY.| — o 10
25 —{80

...
L
A
l

Spec L[10°7] L1102 em™s)
S 84

|
|
[
1
|
8
palaNjap  papI0Ias
[ad]) 1w

‘«"“/MM/""\/MWK—

11h 12h

ghgmes 10N
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13h 14" 15h 16“ 17h

Continuous injection mode run

Peak L 3993 [10°%/em"A] @ 20190525 11:35 "ERI;»u 500.5 (mA) [L, : 100/ 3.00 [mm] Mo 1576

Int. L/day 108.36/ 12451 |/pb) LER Ipeax:  500.6 (mA] Py’ : 200/ 300 (mm] Mo 1576
0 5: o1 K I I I VI I s I I I _;250
0.4 -
0.3E- HER beam current =~ 3¢
-3E -~4156
E 0.2 E‘,‘t"—,{h, - .y P NI g SN ONIC LIS I R e, T 7 prairn . ay ».i 100
E| e —oo
N == ——— ——
"E’ 9 E LEK 200
- 0.4~
2|0 LER beam current 15
O.ZE— 100
8.1:.2 I SRR R T T N B SRR ATy L PP - 50
83 | 1 1 1 1 1 | 1 1 1 1
- YOE —ilzo
KA e 100
B “Luminosity 3
e = —— 60
. 3
= o a0
3 )0':— o e
P S § I l 1 L | L l 1 1 1 o
o wE T T T T T T T T T T T
‘~;__, 30
= 20 T W e B Y gt
H E Specific [iminosity
o ' A ' A A

L A
e"e™es 1" 2" 3" gh sh gh P gh 9" 19" 11" 12"

BEAUTY2019

F10°
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F107

L10®
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F10°©

-
1o
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PRIIAPp  pIpioIn
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Vertexing

Distribution of width

Beampipe : r= 10 mm
DEPFET pixels

Layer 1 :.r =14 mm
Layer 2 :r =22 mm

Double sided silicon detectors

Layer 3:r =38 mm
L ayer 4 :r = 80 mm
Layer 5:r=115mm

N of impact parameter resolution Layer 6 :r = 140 mm
- pelen 2019 (preliminary) |
[ —— —+ ‘
20 | o :t:_'_ .
g | = = += =
= s ) T _+_i - =+
= ’// \\\ +_.__._ //, AN —
5 |/ N/ N VXD resolution in
~— 10 |- ’ A / \ N
c0 I // \\ ,/ \\ | =
S |/, N \ Impact parameter ~ 14 um.
5 I/ Data \\ /I \\ |
E,’I _-t_ ‘;’?a::asg;"e \\ //I /Ldt:Zl.l pb~1 \\:
o bbb e o o 0 ]
-3 -2 -1 0 1 2 3
oy estimate
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Particle identification

Barrel : Time of Propagation (TOP)
forward endcap : Aerogel RICH (ARICH)

ARICH principle TOP principle

T Incoming track Photon from 7+
Photon from K+

K ID and T Mis- ID from CDC TOP ARICH

0.9F
0.8/
0.7F

radiator photon
detector

K effumency (MC) Prellmmary |
0.6 _ .................. ................. e J' Ltz 62fb,1 ......
0.5 __ __________ (-AR-I-CH--and--TOP--fldu-GlaI-»reg-lo-n)---§ ______

K Efficiency/n mis-ID rate
>

0.4 __ _________________ N _________________ — ______

K efficiency and m mis-ID by s z:._m,_'_s___'P___rate___<_data_>_ _______ _________________ __________________ L
Combining CDC dE/dx, TOP and ARICH. 04__ __________________ _________________ _________________ _____________ _PMMM# ______

0.1

D't - D% DY 5 K7t ot

Momentum [GeV/c]
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Long term prospects

10 L ] ] ] ] 1 ] | ] ] 1 1 1 ] 1 ) ] 1 ] | 1 1 ] 60
3 ey I I I I I
x10° 3 - 0

' - w— Speak

v E
B—n'Ks = Bl 20 WR in
new CP + g aa Int. L = B—py

—_ . —-40 —+

> o ]
Confirm B—=D"tv : 30 = B—Kvv SM

new physics o 4‘ : e discovery

o -,

E | —120

- - I—.l-.

Resolve -, - " B—Kee LFUV
\Vub| puzzle % F —110 new physics
o | ;

m 0 i i i 1 l 1 i 1 i i l i i 1 1 1 I 1.0
2019 2021 2023 2025 2027
All the details are in
“The Belle Il Physics Book” ee—)A'(XX)Y ee—)mt(y) Sty
precision for (g-2)y discovery
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B — K*y measurement at Belle

Phys. Rev. Lett. 119 (2017), 191802

Simultaneous fit to mpc distribution In
[/ categories to extract

: : : © 800
branching fraction and asymmetries 2 600
%400
E, 200 }
Fit results Yoo
BB - K*Oy) =(3.96 £0.07 £0.14) x 107> G 200
BB+ — K*y) = (3.76£0.10£0.12)x 10| £'
Aqp(BY > K%)= (—13+1.7+£04)% -
Aep(BY = K*ty) = (+1.1+£23+0.3)% ’
Appy =(+62£15+x0.6x1.2)% G 300
AAcp= (+24£2.8£0.5) % 2 200
Agp=(-01%14+03)% g toe
Yoo
2019/10/1 BEAUTY2019

% 120
100 f
80 |
60 |
40 F 4

20 b 4

Events/(2 MeV/

+ +

T

e P

(b) K't*

J o

{ 2 600

1 400}
w L

] Y= i
] Q)2OO_
4 >

522 524 526 5.28
M, (GeV/c?)

(d) K'n?

t 4

W4 W LE
H R

522 524 526 5.28
M,. (GeV/c?)

—rTT

PP

(f) K’

+

522 524 526 5.28
M,. (GeV/c?)

522 524 526 5.28
M,. (GeV/c?)

T

© 800
>

LI B

(c) K'm

522 524 526 5.28

M, (GeV/c?)

e
—
O,
o
1

(e) K*n?

522 524 526 5.28

M,. (GeV/c?)

-

o

o
1

LT+

(g) Ksm*

-

+ .
¥

522 524 526 5.28

M,. (GeV/c?)
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B — Kr

diagrams for B* - K*z° decay

(Ttree (T)] . 5 o) penguin 5@% )
%% if y N,
n b u 0 b « M’Sji\<§ Kt
u u " U
e ™
K u > u

b ‘ - i g fﬁEW penguin (Pew)| 4 O\
+ u " A _ 7
B* 4 5 ’
3 b S
k u : . K7 B¥ S+ K™

- C and Pew are expected to be negligible in SM.
— Enhancement of C? — breakdown of theoretical understanding
— Enhancement of Pew”? — would include new physics
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B — huo

Phys. Rev. D 96 (2017), 091101

® BaBar hadronic == SM prediction

Belle hadronic Belle semileptonic ( b % S y D \
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B decay channel

Not observed yet : factor 2 above SM expectation
— can be observed at Belle
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