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Physics motivations and goals

 CP violation (CPV) in the quark

sector was elucidated by B-factories.

—An essential part of the SM.

baryon-antibaryon asymmetry in the
universe.

= 00F

* The CPV is too small to account for the

1.0 -

—There must be undiscovered source(s) of CPV. ™

« The SM does not provide answers to
various fundamental questions.
—Fermion generations and mass hierarchy,
—Diagonal hierarchy of the CKM matrix,
—Constitution of Higgs sector, etc.

Belle Il will search for new physics (NP) in

the flavor sector at the intensity frontier.

BSM-2017 @ Jasmine Palace Resort,

21/12/2017 Hurghada, Egypt
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Experimental strategy

« Upgrade the accelerator and detector.

—Luminosity: L = 8x103> cm“2s-1 (40x Belle).
»>Intending to accumulate § Ldt ~50 ab! (50x Belle).
»Mitigating the beam BG level to be ~20x Belle.

—Better detector performance.
»Tolerable to the high BG level.

* Running on T(4S) mostly, utilizing the clean ete
collision environment and good detector hermiticity.
—Full event reconstruction with kinematic constraint.

« Utilize the reach of indirect NP searches.
—Reach of the NP energy scale can be pushed up to ~O(100 TeV).
—Through W#* exchange processes with t.

—Through quantum loop processes of Flavor Changing Neutral
Current (FCNC).

—QOver-constraining the Unitary Triangle.
—etc.



SuperKEKB and Belle Il at KEK

ey

KEK (Tsukuba, Japan)
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SuperKEKB
accelerator
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SuperKEKB accelerator
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Belle Il detector

K, and muon detector:
Resistive Plate Counter (barrel outer layers)

Scintillator + WLSF + MP!PC (end-caps, inner 2 barrel layers)

EM Calorimeter:

Csl(Tl), waveform sampling =

electron (7GeV) |

ticle entification:

f-Propagation counter (barrel)

. focusing Aerogel RICH (fwd)
-

i Beryllium beam pipe
2cm diameter

; . ‘ positron (4G€V)
adout (TRGr DAQ): \

Central Drift Chamber
He(50%):C2Hs(50%), Small cells, long

lever arm, fast electronics | A\ B(PXD)+100kB(others) per event

BsM-2017 @ Jasf b PN Offline computing:

21/12/2017 Hurghaa’ Eg J]8
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Construction/commissioning status



Accelerator status (1)

no Belle Il

Tune accelerator optics
Vacuum scrub

Beam studies with BEAST ||

BSM-2017 @ Jasmine Palace Resort, 3
Hurghada, Egypt
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Accelerator status (2)

2016 2017 . 018 2019
T _ Phases [

Install final focusing magnet
systems (complete)

BSM-2017 @ Jasmine Palace Resort,

21/12/2017 Hurghada, Egypt



Accelerator status (4)

2016 2017 . 2018 2019
T | Phase2 | Phases

Belle Il roll-in (complete) March 2017

- i

BSM-2017 @ Jasmine Palace Resort,
Hurghada, Egypt
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Detector integration (1)

21/12/2017

BSM-2017 @ Jasmine Palace Resort,
Hurghada, Egypt

Belle Il Detector Installation

Barrel Cherenkov particle ID (TOP)
installed May 2016

Drift chamber (CDC) installed October
2016

End-cap Cherenkov particle ID (ARICH)
Integration August 2017

Global Cosmic Run DAQ July 2017—

Vertex detector will be integrated after
phase 2

11



Detector integration (2)

2016 2017 _ 2018 2019
T BT

Belle Il Detector Installation

o Barrel Cherenkov particle ID (TOP)
installed May 2016

o Drift chamber (CDC) installed October
2016

e End-cap Cherenkov particle ID (ARICH)
Integration August 2017

e Global Cosmic Run DAQ July 2017—

o Vertex detector will be integrated after
phase 2

BSM-2017 @ Jasmine Palace Resort,

Hurghada, Egypt 2

21/12/2017



Detector integration (3)

2016 2017 2018 2019
| Phases [

Belle Il Detector Installation

o Barrel Cherenkov particle ID (TOP)
installed May 2016

e Drift chamber (CDC) installed October
2016

o End-cap Cherenkov particle ID (ARICH)
integration August 2017

e Global Cosmic Run DAQ July 2017—

o Vertex detector will be integrated after
phase 2

BSM-2017 @ Jasmine Palace Resort,

Hurghada, Egypt 13

21/12/2017



Detector commissioning

Belle Il Detector Installation

o Global Cosmic Run DAQ July 2017—

Hits in four outer subdetectors

BSM-2017 @ Jasmine Palace Resort,

Hurghada, Egypt 14

21/12/2017



Vertex detector status

2016 2017 . 018 2019
T _ Phases [

Belle Il Detector Installation

| « Barrel Cherenkov particle ID (TOP)
installed May 2016

e Drift chamber (CDC) installed October
2016

e End-cap Cherenkov particle ID (ARICH)
Integration August 2017

e Global Cosmic Run DAQ July 2017—

o Vertex detector will be integrated after
phase 2

BSM-2017 @ Jasmine Palace Resort,

Hurghada, Egypt s

21/12/2017



* Getting ready for experiment.

Impact parameter resolution

Analysis tools (1)

|
04 = 020 Tracks with PXD clusters
040 Tracks with PXD clusters
o BaBar O30
0.3 [~  © Béwow
o /
,g - 1: L g ——g— i I I -
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» Getting ready for experiment. (cont 'd)

Efficiency

Analysis tools (2)

K/m identification

1.2 e e
B + dEMx K oft * TOP K eft + ARICHK ot _
1- ¢ dEMdx = fake O TOP xfake 4 ARICH = fske
: WWW~ I l*‘i ‘#“““W
B w ++“+Mi“ +‘+ n
0.8—'1 + 1 #*ﬁ—
0.6 + .
I | i
04: ° 4 __
0.2 ' * " w—?*
0 010203040506070809 1
Momentum [GeV/c]
21/12/2017

BSM-2017 @ Jasmine Palace
Hurghada, Egypt
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Luminosity projection

70¢
g S0F Goal of Belle 11/SuperKEKB
g 50E =
27 40 0 fa
38 ¢ < &
§ 30— > -'q—;
- @)
- ©
20—
£ : B =
10— u:_ 9 months/year
: | | | fo‘h”#VT“"“h
x1035 3;_
i o
E:? ab- Flavour MILESTONE
= ; a -1
38 b 5-10 ab
jE s =R PN D
i%17 2018 2019 2020 2021 2022 2023 2024 2025
Calendar Year
21/12/2017 BSM-2017 @ Jasmine Palace Resort,

Hurghada, Egypt

Phase 2:
Peak luminosity reaches
1 x 1034 cm-2s-1(Belle)
20 fb! for physics near Y(4S)

Feb 1,2018: Global cosmic ray runs.

Feb 23, 2018: First HER beam. Belle Il off.
March 2, 2018: First LER beam.

April 2018: First collisions “Phase 2”

July 2018: End of commissioning run.

Phase 3:
50 ab-1 by 2025
50x Belle, 100x Babar

Early 2019: “Phase 3”

18
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Physics prospect

BSM-2017 @ Jasmine Palace Resort,
Hurghada, Egypt
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Leptonic and semileptonic B decays (1)

‘B—>7v, uv . v,, r
B @ )r\/\/\p/

—BF is sensitive to NP. ; W T 5
>4 0 level B— Tt v evidences in o ,
Belle and BaBar. M(B-— ¢-17,) = Ggmpm, Vil [1 - m_f £
> Currently consistent with SM. 87 my

» The uncertainty will be reduced
to 5-6% at 50 ab-! in Belle Il

—Excellent mode to test the B PP
: : H . i 1.7 £ 0.8
Lepton Flavor Universality. BaBar (Had tag))

o+ 1.8370:28

B(B—- — ) _ _ "
— —=, Evidence is expected BaBar (SL tag)
8B~ = w7y, at ~2 ab! H——H 1.25 + 0.39

Belle (Had tag)
1] BRw | B, (WA)
SM

B(B~ — ¢~ g)np = B(B~ — £ 7¢)sm X NP

Belle (SL tag)

0.722922
t (7.71+0.62) x 105  (1.06+0.19) x 10 WA (6 ~18%)

u  (3.46%0.28) x 107 <1.0x10* A S— 4 e
e (0.811%£0.065) x 10 <0.98 x 104 BB — 1) (107
21/12/2017 BSM-2017 @ Jasmine Palace Resort, Nature 22346 50

Hurghada, Egypt



Leptonic and semileptonic B decays (1)

‘B—>7v, uv . v,, r
B @ )f\JP\Jf\'f///////

—BF is sensitive to NP. ,3 W T :
>4 0 level B— Tt v evidences in ,
/3

Belle and BaBar. M(B-— ¢-1,) = Gfémsmfi‘ [ | — m_% ]
> Currently consistent with SM. 8m my.

» The uncertainty will be reduced
to 5-6% at 50 ab-! in Belle Il

B(B~ — ¢~ g)np = B(B~ — £ 7¢)sm X NP

—Excellent mode to test the B PP
: ! I . i 1.7 £ 0.8
Lepton Flavor Universality. BaBar (Had tag)
+—e—+ 1.837%5;
—If no NP, can extract V| BaBar (SL tag)
H-e—H 1.25 + 0.39
> Independent from b—ul v. Bello (ﬁad tag)
I S RS 1
Belle (SL tag)
T (7.71£0.62) x 10 (1.06£0.19) x 104 SM WA (& ~18%)
w  (3.46%0.28) x 107 <1.0 x 10 T I N
e (0.811£0.065) x 101 <0.98 x 104 BB —tv](107)
21/12/2017 BSM-2017 @ Jasmine Palace Resort, Nature 22346 01

Hurghada, Egypt



Leptonic and semileptonic B decays (2)

Excl.(10) Incl.(10) p-value

b—ulv,clv (I=wu,e) 0000
— IVl and IV | determinations. ™
> Using incl. and excl. final states. RE | |

0.0045

> 6 1Vypl~5%, 6I1Vyl~2%. ) B Wl et
>=o.oo4o

> Large X.v BGin X,lv mode. =

» QCD predictions for form factors,
. . 0.0030
Inclusive processes, quark masses. Veol/| Ves,

_ Tension: incl. vs excl. meas. =8

0.0020
> |Vub|: Xul V VS 71;| vV 0.032 0.034 0.036 0.038 I%;:I 0.042 0.044 0.046 0.048
> IV pl: Xclv vs DOy

0.0035 F=7 7

BSM-2017 @ Jasmine Palace Resort,
21/12/2017 Hurghada, Egypt 22



Leptonic and semileptonic B decays (2)

Excl.
InCH ()5) p-value

.b_>UIV,C|V (|=I,L,e) 0.0060 ———r

— IVl and IVl determinations. ™~ 5=

0.0050

> Using incl. and excl. final states. ...l ____

> 01V, |~5%, 61V, l~2%. _

- 30.0040

> Large X.v BGin X,lv mode. =

» QCD predictions for form factors,
. . 0.0030
Inclusive processes, quark masses.

— Tension: incl. vs excl. meas.
>IVubI XJv vs mlv

| Seems to be solved by a different
B — mlv full simulation

0.0035 [y | = —— reres——

0_0020 11 1 L1 L1
0.032 0.034 0.036 0.038 0.040 0.042 0.044 0.046 0.048

V.|

________________ ;  form factor parameterization.

— MaJor effort with much higher “*“’h;w"'sg‘:i‘jj“ ST o
statistics at Belle Il is required naggedi1 336 ™™ 36
to improve the precisions. 5 ggans MOV )
> More detailed BG decomposition. 10 biiis P g

> Further progressin QCD cale. .o ®  naiar ®Or

Hurghada, Egypt



Leptonic and semileptonic B decays (3)

«B—>DM 7 v

— R(D™) measurements show

deviations from the SM.

» Combined result is 4.1 ¢ away 3 os

from the SM.

— Hint of NP which violates the,.
Lepton Flavor Universality? oss
» Charged Higgs, leptoquark, -

-
-
‘o
-
-
-
-
S
-

e
21/12/2017

Il)l: I)‘: * | :|

['( 3

['( 3 -

y Dty )
y It )
l=¢, u

T T L] ' T L] T T I

BaBar, PRL109,101802(2012)
Belle, PRD92,072014(2015)
LHCb, PRL115,111803(2015)
Belle, PRD94 ,072007(2016)
Belle, PRL118.211801(2017)
LHCb, FPCP2017

[ Average

-------------------- Bl HFLAV
" FrcP 2017 1]

P(x) = 71.6%—]
il L L I ]

T T I T T T
AXZ = 1.0 contours

== SM Predictions

R(D)=0.300(8) HPQCD (2015)
R(D)=0.299(11) FNAL/MILC (2015)
R(D*)=0.252(3) S. Fajfer et al. (2012)

\‘"*m\\4\0

h20

IIIli‘fIIIIIlIIIIIIIIIlIIIIII

0.2 03 04 05 0.6
R(D)
pa
- Vg
b ',f’///i/
~1Q .-
B_.' BO . _ ‘.-".L.._. C

(¥ A%
BSM-Z017 @ Jasmine Palace Resort,
Hurghada, Egypt
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Leptonic and semileptonic B decays (3)

«B—DM T v ey - DB = DOty
bl | ﬁ W \ ¥y \
— R(D™) measurements show (B — D! I‘_‘ V)
deviations from the SM. -eH
> Combined result is 4.1 0 aways T T
fI’OI’n the SM 0'45:_ :mmm ICHEP 2016 Preliminary _:
— Hint of NP which violates the o4 — stecc s mosmesenn
Lepton Flavor Universality? . E
» Charged Higgs, leptoquark, - 0aF E
— The uncertainties will be D oek E
reduced to 2-3% at S0 ab™ in [ oo Belle | @50/ab
Belle Il. 0.2=-055 03 085 04 045 05 055 06
& R(D)
....... {—
B-, BY BB § L(i-. c
a,d T

aa ‘“%’ DO, %)

%J.(‘) 9+.4"J .
SM-Z2017 @ Jasmine Palace Resort, 75

21/12/2017 Hurghada, Egypt



EW penguin b—s transitions (1)
«B—>KN (I= u, e)

— Test on the Lepton Flavor ¢

. . *

Universality: R(K(™). . .

g2 range Belle Belle 1l | Belle Il .d nd  ud G.d

[GeVZ/c4] | 0.71/ab | 5/ab 50/ab
RK¥) | 1-6 26% | 10% | 3.2% |R(K") =Br(BO—K™ 0w+ wu-)/Br(BO—K™*Oete")
R(K¥) | >14.4 24% | 92% | 28% |piK) = Br(B+—K*+ u*u-)/Br(B+—K* e*e’)
R(K) 1-6 28% 11% | 3.6%
R(K) >14.4 30% 12% 3.6% —~LHCb —e—BaBar ——Belle

[ R(K*) =Br(B>K*u )/ Br(B>K*ee) | 2 i ' ' l LH(':b i

Belle II 50 ab-!

- 1.5 - Belle I 5 ab'!
N 1.5k _
TTTTTTTTTTT] w -
e o1 A I~ ‘
¢234 29 2.6o¢- { SM ]
® LHCH 0.5F .
Belle I 50 ab-! o BaBa i _
Yt Belle I1 5 ab-! Bells [ R(K)=Br(B>Kuu)/Br(B>Kee)
(), (bbb 1 VU G D S S S S S S S S S 0'- M S PSSP RS BRI P
l[" 13 q’.‘ ‘Z'(\:[] 10 5 IO ]5 20

15 )
, ?SM—Z,OU Jasmine Pz(a)lace Resort,
(q

[GeV=/tlrghada, egypt g> [GeV?/é¥)



EW penguin b—s transitions (2)
B=KMMN (I = u, e)
— The Angular distribution can be expressed in
terms of helicity amplitudes that depend on

> di-lepton invariant mass squared (qg?),
» Wilson coefficients C,, Cg, C;(, > Probeto NP contribution

> B—K"* form factors. Hoer = _4C’,F Vi Vi Y (G0, + ClO))
R B
{ :
J/Y(18) left-handed part  right-handed part
’ suppressed in SM
(. ) C;: Wilson coefficients (short distance effect)
C.(j.l) (12 2S5

O;: Operators (depend on hadronic form factors)

dr’
dq? "_,Kil; s
) e CO g CLY =7 photon s
interference Long distance - g
contributions from CC )
above open charm
threshold . - : a
\J 1I=9 vector current i 1\“ 7
{ ™o
) i=10 axial-vector current $. 7
4[m(p)l* 5q> : .
21/12/2017 BSM-2017 @ Jasmine Palace Resort,

Hurghada, Egypt 27



EW penguin b—s transitions (2)
«B—>KN (I= u, e)

— Test on the anomaly in the _ Re (AbAL* — ARARY)
Py =v2 =
B—K’ll angular analysis: P’s. \(,4 2 AB2) (JAL2 4+ AR+ |AL[2 + | AT
> Insensitive to form factors. Aoy 1" decay amplitudes for different
» LHCb meas. shows 3.3 ¢ to SM. . transversity states (subscript),

» Consistent with the Belle meas.  ° di-lepton chiralities (superscript).

g2 range Belle Belle Il | Belle Il

20 DHMV(SI\/I) [GeVZ/c4] | 0.71/ab | 5/ab 50/ab

L I Sensitive to interference B Belle (muon mode) 1-2c 0.47 017 0.054
“t between Z/y/W diagrams 3 B

I elle (electron mode) 25-4 0.42 0.15 0.049
10F - +{#  LHCb 2015 : :

L -+ ATLAS 2017 4-6 0.34 0.12 0.040
= I CMS 2017 >14.2 | 023 | 0.088 | 0.027
0.0 £ i : | : 36-38% 11-12%

d——#
~ e el Belle Il also has access to
—10F A b - o — (*) + _ (*) —
o —B—=K"t*t7z, B=>K" v V.
—15 P T T NN TR TR T NN TR TR T N S R S | | | |
2()1(}12/23;7 50 7.5 10-0 125 BSi\'?I‘—%ONl@BJasmine Palace Resort

QQ [GCVQ/C4] Hurghada, Egypt ’ 28



QCD penguin b—s transitions (1)

. Indirect CPV (ICPV) in b—sqq BO\ ~ fep
— ICPV: interference between the BO
non-mixed and mixed decays to | fo(At) — f_(At)
a CP eigenstate. A(At) = A7
g f+(At) + f_(At)
> Giving a time-dependent CP = Ssin(AmgAt) — C cos(AmgAt)

asymmetry (A(A1)).
y y (A(AD)) At: decay time difference

— For the tree-dominant b—ccs between BO and BO
transitions,
»>S=—nesin2d;, C=0, ’ ’ AR
» n ¢ CP eigenvalue of the final state.
. . § Ko, K*O
— For the penguin-dominant
b—sqq transitions, , {‘\,\:4”2 :
» Same as b—ccs in SM. _ ¢,

(1
> If NP exists through the loop of FCNC,

{
the S and C terms may change. T



QCD penguin b—s transitions (2)
*Indirect CPV (ICPV) in b—sqqg

(cont’d)
— Currently b—sqq show

consistent results with b—ccCs.

— The uncertainties (6 ) will be

reduced significantly at 50 ab|

> b—cCs: to 20-25% of present ¢,

systematics limited.

> b—sqQq: to ~15% of present ¢,
mostly scaled to the luminosity.

» Both are theoretically clean.

— Will probe NP through the
precision meas. on sin2 ¢ ;.

21/12/2017

Hurghada, Egypt

eff eff
SIH(ZB ) = Sln(zq)l ) mmmmm 2016
b—sces Warld Average g i 0.69 +0.02
0K Average e 0.74 311
K Avérage ) il 063£006
Kok Average o HL T
©°K®  Average * : 0.57+0.17
°Ks Average L — i 0.54 0%
oK, Average o —— | 071021
fKs Average - 'TE 0.69 1212
f,Ks Average H— A——— 0484053
fy Kg Average + - 0.20 +0.53
e | oz2ror
o Kg Average f-J 0.97 %35
xnKsNAverage ~ —+—— || [ 0012033
KKK Average . e 0.68 9%

-6 -14 12 -1 -08 -06 -04 -02 0 02 04 06

BSM-2017 @ Jasmine Palace Resort,

08 1 1.2 14 16
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QCD penguin b—s transitions (3)
* Direct CPV (DCPV) in B—=K

Ir'(B— f)—I'(B— f)

— DCPV: interference between Ace(B— f)=
amplitudes to a final state.

» Giving a time-integrated CP
asymmetry (Acp).

I'B— f)+T'(B— f)
= —C forf=fcp



QCD penguin b—s transitions (3)
*Direct CPV (DCPV) in B=Kmt Ac®- /= gg:;;;tg: ;;
— DCPV: interference between = —C for f = fop
amplitudes to a final state. |

» Giving a time-integrated CP 0—5{3
asymmetry (Acp). ,

— Non-negligible contributions 7—5/

from several diagrams. Ui 0O

.

T+ D

>

> Because of suppressed charmless
b—u, s transitions.

— A sum rule of Acp was proposed.

» Applying the isospin symmetry to v <
the leading contributions. D
. . . — o ’ 0
> Violation could be NP in b—sqg. 0= Acp(K+n-) + Acp(Kox+) 2E 7D T
B(K*m—) 1y
2B(K*7°) 1o
B(Ktm—) 1.
21/12/2017 BSM-2017 @ Jasmine Palace Resort, ZB(KO O)

Hurghada, Egypt - ACP(KONO)B(K—:‘?‘)

Phys. Lett.B 627, 82 (2005)

- ACP(K ' JTO)




QCD penguin b—s transitions (3)
* Direct CPV (DCPV) in B—=K

— DCPV: interference between<s o6l
amplitudes to a final state.
» Giving a time-integrated CP

asymmetry (Acp). : 1

— Non-negligible contributions ~ °f AN E

from several diagrams. -02f

» Because of suppressed charmless _0.4'1
b—u, s transitions. )

I Belle II
04Ff

llll[llllll[l

lllllll

\
-~ - |

0.5

SM (NLO, NNLO, NNLO+LD) lix
— A sum rule of Acp was proposed.  phys. Lett.B 627, 82 (2005)

» Applying the isospin symmetry to ) B(KO7+) 10
the leading contributions. Iin = Ace(K¥77) + Ace (K1) e =
> Violation could be NP in b—sqgq. _ Acp(K*n")iﬁj(KK:O;g
— Important to systematically study all o (00 B
- S J B(K+m—)

K 7t modes with high precision in Belle Il.
BSM-2017 @ Jasmine Palace Resort,

Hurghada, Egypt 33
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Prospect on Unitarity Triangle

- Present
- yﬁ e -
03 g\i 2ol wicoa 29, <0 _z
04 § - T[ {oucd at CL > 0.95) —E
= 03 5 ' ¢, —§
02 : 4 - | ffjr’_‘ ff,j‘jj_:_ B % ( CC) Ko_g
01 : . —E
Observable | Uncertainty
. . . Oy ldeg)] 0.4
For a SM-like scenario Belle Il @ 50 ab-
0.7 Ll'llll!l'll'llZl;klllll'lll': ¢2[deg] 1.0
“ B e f m—-ﬁ'f-'-'-—; ¢;[deg.] 1.0 (w/ LHCb)
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Prospect on Unitarity Triangle
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Non-B physics
« Various decays will be used

—to probe new physics beyond SM,
—to have significant progress in flavor physics.

— T decays, charm decays, dark sectors,
quarkonium(-like)/exotic states,

Lepton flavor violation in T decays
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“The Belle Il Physics Book”: https://confluence.desy.de/display/Bl/B2TiP+ReportStatus
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Future prospect
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Summary
« SuperKEKB and Belle Il are in the final
integration and commissioning phase.

— The detector systems, except the vertex detectors,
have been in commissioning with cosmic rays.

— The “Phase 2” commissioning will start in early 201 8.

« Belle Il will search for new physics beyond the
SM in the flavor sector at the intensity frontier.
— W-exchanging process with t,

— One loop FCNC processes,
— Over-constraining the Unitarity Triangle.

* The physics prospects at Belle Il indicate
exciting future.

— New physics hunting,
w/Significant progress in.flavor physics.




