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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.
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* The CPV is too small to account for the
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—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.
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Experimental strategy

« Upgrade the accelerator and detector.

—Luminosity: L = 8x103> cm“4s-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 e+e-
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.



SuperKEKB accelerator

KEK (Tsukuba, Japan)
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* Nano beam scheme
g=7am - Giving 20x L.
= asas is&  » Doubled currents
3wl & —Giving 2x L.
« Asymmetric energy collision

- Time-dependent CP asymmetry meas.
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Belle Il detector
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Leptonic and semileptonic B decays (1)

«B—=D™M t 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 universality?

» Charged Higgs, leptoquark, -
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Leptonic and semileptonic B decays (1)

«B—>DM 7 v Py = LB = D7ty
L\ | ‘:| W \ ¥y y
— R(D™) measurements show (B — D! I’_‘ Vi)
deviations from the SM. Bda
> Combined result is 4.1 0 aways T T
from the SM 0'45:_ :mmm ICHEP 2016 Preliminary _:
— Hint of NP which violates 0.4 - Spmdcson PRGOSO @S, PROGS S D
the lepton universality? 0351 E
» Charged Higgs, leptoquark, - 0aF E
— The uncertainties will be ook E
reduced to 2-3% at 50 ab™! [ e Belle Il @50/ab
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Leptonic and semileptonic B decays (2)
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—BF is sensible to NP. ; W T 3
>4 o level signal evidences in - .
Belle and BaBar. ISM(B-— ¢-py) = CEMBMe |y 2]y e f2
> Currently consistent with SM. 8m my.

» The uncertainty will be reduced

- B(B~ — (" g)xp = B(B™ — £~ g)sm X NP
to 5-6% at 50 ab' in Belle II. ( eJne £EM

LI L T T T T T I T T T T I T T T T
. i 1.7 £ 0.8

BaBar (Had tag)
o—+ 1.8330%

Belle (Had tag)
SM I WA (6 ~18%)
1 1 1 l ' 1 1 1 l 1 1 1 1 l

+0.29
0 1 > 3

BaBar (SL tag)
H——H 1.25 £ 0.39
0.72 527
Belle (SLtag)
BB - v)(1 0%
Nature 22346
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Leptonic and semileptonic B decays (2)

.B%‘E V b Vub I
B @ )ﬁ\/“\/“uﬁ’//////

—BF is sensible to NP. ; W T 5
> 4 o level signal evidences in - ,
Belle and BaBar. SM(B-— ¢-p,) = CEMBMe 2]y M £
> Currently consistent with SM. 87 my

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

—Another excellent mode to B | MALREAPEIPN
test the lepton 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

B(B~ — ¢~ g)np = B(B~ — £ 7¢)sm X NP

Belle (Had tag)
1| BRw | BFep, (WA T 0.72%%
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 <1.0x104 I T -
e (0.811%£0.065) x 101" <0.98 x 104 BB -1 v])(107)
Nature 22346
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Leptonic and semileptonic B decays (2)

.B%‘EV b Vub '
B @ )r\/\/\./

—BF is sensible to NP. ,3 W T :
> 4 o level signal evidences in ,
fs

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

—Another excellent mode to B | MALREAPEIPN
test the lepton universality. BaBar (Had tag)
+—e—+ 1.837%5;
—If no NP, can extract V| BaBar (SL tag)
> Independent from b—ul v. o D B1él$e5(t|£d?gg)
I T NS
-5 + 4 Belle (SLtag)
¢ (7.71£0.62) x 105 (1.06%0.19) x 10 sml | wa (5 ~18%)
uw  (3.46%0.28) x 107 <1.0 x 10 I -
e (0.811+0.065) x10""  <0.98 x 10 BB -1 r) (1079
Nature 22346
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Leptonic and semileptonic B decays (3)

.b_>UIV,CIV (|=I,L,e) 0.0060 ———r
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— IVl and V| determinations.
» Using incl. and excl. final states.
» 0|V ypl~5%, 61V l~2%. —

0
- 30.0040

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

» QCD predictions for form factors,
. . 0.0030
Inclusive processes, quark masses.
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Leptonic and semileptonic B decays (3)

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
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Leptonic and semileptonic B decays (3)

boulv,cly (I= u,e) o 2
— IVl and IVl determinations. ™
> Using incl. and excl. final states. oo L. 5 R
> 0 Vypl~5%, 6 IVepl~2%. . :
> Large X|v BGin XJv mode. =
» QCD predictions for form factors,
inclusive processes, quark masses.”™ [ IVellval,

_ Tension: incl. vs excl. meas. @ S

.10) IncI.(lllo)I |

lv"” LL--J
1

value
Pvareo

LI

00035 =, 1 Y -
wly o 1 1

> Vyl: X v vs mly o oo oo ao Vo e
> IV pl: Xclv vs DOy B — mwlv full simulation
— Major effort with much higher ‘[ﬂ";;:;;t:jjs) T o
statistics at Belle Il is required filsggedl1 3 136 ™™ 36
to improve the precisions. 5 ggazy MO 5
> More detailed BG decomposition. 10 oiste MmOV g
» Further progress in QCD calc. 0 gyarg B0
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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. 7o



QCD penguin b—s transitions (2)

* Indirect CPV (ICPV) in b—sqg
(cont’d)

q

sin(2f") = sin(20; ") EEEA

— Currently b—sgqg show

consistent results with b—ccCs.

— The uncertainties (6 ) will be

reduced significantly at 50 ab.

> b—ccCs: to 20-25% of present ¢,
systematics limited.

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

» Both are theoretically clean.

i

' 0.69 +0.02

b—sccs Warld Average :

0K"  Average e 0.74 21}
wK®  Average ) il 063£006
KsKsKs Average - .—L L 072019
°K®  Average * : 0.57£0.17
'K, Average L —

oK, Average i —

o avermge i

f,Ks Average H— +—H—— 0484053
fy Kg Avérage + - 0.20 +0.53
<t Average | o72+071
o Kg Avérage f-J 0.97 %35
©x K NAverage ~ ——+—— || 001033
KKK Average o 1 06883

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

30/08/2017 18th Lomonosov Conference,

-6 -14 12 -1 -08 -06 -04 02 0 02 04 06 08& 1 1.2 14 16

Moscow

15




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—=K

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

asymmetry (Acp).

— Non-negligible contributions
from several diagrams.

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

— A sum rule of Acp was proposed. (= <
» Applying the isospin symmetry to B(K°t*) 10
the leading contributions. 0= Aca(K*n7) + Aca(KP*) ) BKT) T
> Violation could be NP in b—sqgq. _ ACP(K+N0)’[Z‘<K+"°>f_0
3(K+m—) 1y
Phys. Lett.B 627, 82 (2005) 2B(K°70)

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

— DCPV: interference between<s sk ' 4.
amplitudes to a final state.

I Belle II
04Ff

> Giving a time-integrated CP . E
asymmetry (Acp). "I \ 1 .

— Non-negligible contributions  °f AN N
from several diagrams. 02} N N\ ]

\
. - |

> Because of suppressed charmless _o4k

o 1 05
b—u, s transitions.

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{NO)ZL’%K::O.:%
— Important to systematically study all e (070 257
i B(K+m—)

K 7t modes with high precision in Belle Il.



T decays

 Lepton Flavor Violation (LFV) decays

—The BFs/ULs are expected to be improved by
~2 orders of magnitude at Belle II.

— Any enhancement from the SM predictions
(BF~102°) indicate clear signal of NP.

> NP can enhance BFs up to 10-8.
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Prospect on Unitarity Triangle

Present
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Prospect on Unitarity Triangle

Present
T T T 1 L L
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Prospect on Unitarity Triangle

07

§ — — T T —
[ -

: =) ! ‘ l l‘l l‘!l. f :
06 E 3 ! 3 Am, € CHER 16 ]

| . i =

05 F i =

g S solwicca2e <0

2 — = (wol afCL>035)

04 3 3

I= 8 . ¢,
03 2 -

01 E

0.0 1 ¢|Z oy J=riss 1 1 1 1 =

04 02 00 02 04 X 1.

Present

For a SM-like scenario Belle Il @ 50 ab-! If the

0.7 ™ T I T T | - | -
os E2 | Am, Attse 3 LES | Ay Am, il
- N 1 ¢ M O = - H ¢ WL - —
3. - i 2/ e Ao ! y =
05 g sl i / wcl o =8 <0 = os ! i " -l i 84, <4 E
ol MO 088 T fod WOL>08R T
04 —_: 04 g -
\ = = H —~
0.3 | L — 0.9 I \ b, =
| 'y E | 5 =
0.2 E = o2 ! t
i 3 : g
01 : wl ,_E 0.1 i é
| ® g | J
0.0 1 PR N T SR 1 1 L a PR N T TN T O N T 0.0 [ T T I T T 1 L e N
0.4 02 0.0 0.2 04 06 0s 1.0 0.4 0.2 0.0 0.2 o8 10
30/08/2017 P 18th Lomonosov Conference, Moscow P 22



Future prospect

70¢
T 60
I Goal of Belle 11/SuperKEKB
> 50}
g 405 — 50 NP observation Xt e~ CJP
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Summary

« 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,
— Significant progress in flavor physics.



