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global flavor symmetry can be found
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They are broken by the Yukawa couplings.
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Important point

Only explicit flavor symmetry breaking terms

Yukawa couplings: Y, Yijd’ Yi

- 2mY v/2md
Yii + = (V" )k Vk- Y= (VY ) Vk-

Yukawa wU ™ Q

» Observables are CKM and masses

_ d d
Vekm = VYVE ) md, mf, m;



Important point

Only explicit flavor symmetry breaking terms

Yukawa couplings: Y, Yijd’ Yi

- 2mY v/2md
Yii + = (V" )k Vk- Y= (VY ) Vk-

Yukawa wU ™ Q

» Observables are CKM and masses

_ d d
Vekm = VYVE ) md, mf, m;

What happen if we consider new physics?
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Constraint on generic 2HDM (nho MFEV)

LFV

Hepr — Callplp)(IR11)

Irom ju — 3e

’ mp/ (\/ p:#p:c

From 7 — lpp (I = p, €)

€r Ck’

may {(/PEp) 2 TETeV

(Crivellin,etal, arXiv: [ 303.5877)




Constraint on generic 2HDM (no MEV)

AF=2 processes /)
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df’ Jdf! B; By: mH/pf,b = 32TeV

i — Ca(lIR)(IR1L)
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From v = lpp (L= p, e
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mu (v pi-pir) 2 T8 TeV

(Crivellin,etal, arXiv: [ 303.5877)
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(way to avoid constraints from ! F=2 and I" 111213 at tree)

Flavor symmetry (U(3)arxU(3)urxU(3)drxU(3)1LxU(3)eR)

> source X Yukawa couplings, Y\, Y, Y& w

N\
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Yukawa couplings U non-dynamical field (spurion) iq¥ M ¥ ¢ O
» U(3)axU(3)urxU(3)drxU(3)1LxU(3)er y symmetric model > 1 R
Yi' : U(3)auxU(3)uR bi-fundamental
Yijd . U(3)atxU(3)dr bi-fundamental
Yii @ U(3)xU(3)er bi-fundamental

£ (YY), (YD), (Y®) only break the flavor symmetry

» Higher-dim. operator, extra fields > C Q0 <z
CKM p flavor violation U G\ e " {

“Minimal Flavor Violation™ (D’Ambrosio, Giudice, et. al, hep-ph/0207036)
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Let me add Extra Higgs (H2)

u foly, f°
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HtVEV>Ehdo mass eigenstate th”
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* No FCNC at tree-level

where HJ = (H.,(Ho + iAg)/ 2)

* charged Higgs (H+) couplings written by the CKM, like W boson.
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H2 gH wlinear combination w “M X0 :K”

(Several possibilities of au, ad and ae )

5ZQF * )% Y, QlHyul, + & .Q Hudh + Y& Il Hue, (au = ai = a)

5ZQF ** )oY Q M,uk

+ Y9.Q Hady + Y 1 Hyel,  (ag = ae)
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quark W scalar partner (4z,&p.etc) >C QO™
(2 e & O + g & ROl + %Yf?!cb[ A+ ho

(Mg, )t !ClilfR élfR! + g(ltifR X_Lde + h.c. + etc.

where

(MG, )ee + = Ler o+ by(Yy Ya)ert + ..

(M i+ = Lo+ bg(YaYg )ir + + Bu(Yu Yy )it + ...
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| F=2 processes

Hett = Ca(ToR)(TRG)

K! K: mu/!ld! 32! 10°TeV

Byl Bg: Mu/!§! 32TeV
Bs! Bs: mu/!% ! 10TeV

(Crivellin,et.al, arXiv:1303.5877)
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LFV
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ey
Fom u! 3e
............... e ' mu/( TE1&)! 220TeV

o From! ! lup (I = y, e)

muy/( '818)! 7.8TeV

(Crivellin,et.al, arXiv:1303.5877)
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Experiment: SM prediction:
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Experiment: Experimental bounds o%" |#

Br(7! €Y)exp < 3.3" 10 °
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lepton Universality in Meson decays

(1) Bg! I

helicity suppression



lepton Universality in Meson decays

(1) Bg! |l

SM prediction

B(Bs! ee=(8.54+ 0.55)" 10 **
B(Bs! pu)=(3.65+ 0.23)" 10 °

B(Bs! !1)=(7.73% 0.49)" 10 '
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lepton Universality in Meson decays

(1) Bg! I

helicity suppression
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SM prediction
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(2) b" s |l transition

Flavor dependence comes from mass difference

g
[ f I

[ oy
, Z -
Y l v
\%Y
W \%Y
b - S b - S
Vib € Vis Vib U Vis

o 2 CB=Mu ) - Ry 1101, 6.0M = 1.00+0.010D

2 dg?
Rqu'aqza — qmlg ’ ’ -
(min; Gmax] Tmax dqzdF(B—>Me+e—) R i+ [0045 [ |]SM = 0.906 £ 0.028
Tin dg*

(Bordone,et.all, arXiv:1605.07633)



Interestingly, excesses are reported in specific g"2 region

g

/!

Lepton universalityin B™ | K* 171" (I = e, W) (14066482

Lepton universality in Bo ! K4lt 1 (1 = e, W) @LHCD.

(Talk by Bifani@CERN, 2017.4.18)



R(D*)

Other processes relevant to LFU in B decay:

!
0.5 — 7T * * * 1 * 1 ]
[ — BaBar, PRL109,101802(2012) "12=1.0 -
0 45'_ — Belle, arXiv:1507.03233 —]
N LHCb, arXiv:1506.08614 ]
N = Average 3
0.4 2
0.35— =
0.3 =
0.25F — =

- SM prediction P(l ) 5504
o—- 1. .

%.2 0.3 0.4 0 5 0.6

R(D)

lepton universality of B" D(*)%&

R(D®) = I'(B— DWry

)
)

where /¢

SM predictions:

R(D*) = 0.252 £ 0.003
(Fajfer,et.al, arXiv:1203.2654)

R(D) = 0.299+0.011
(Bailey,et.al, arXiv:1503.07237)
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The b to s Il processes

W

Anomalies are reported in low g2 region, that is sensitive to C9 and CI0
operators:

4G+ &
5 VioVis 152

o = LS Wb () + Clo(STubL )" sl) + hic.



In the Standard Model, the b to s Il iIs given by
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In the Standard Model, the b to s Il iIs given by

l+ [ l+
, 2 "
Y [ v
\%%
W A"
b - S b - S
Vib t Vis Vib U Vis
Heﬁ——ICF tb‘tszc O,
V- 7]

2 7
Og =

e T
1672 PEMmen) (70 1 Y 7
e? 7
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1672

Oy = (BLAI";J CL)(CL’\*'L"S r )

Cr~—-03, Cg~4 Cip~—-4 Inthe SM.




Contributions of each coefficients in b to s |l

|
q v],/ l’{,(.l AS‘)
e
f W(25)
| i
I dag*
(/) v(4)
) el ol
Long distance
contributions from
above open charm
Uresr{\
) .
4 ()] — q?

g"2 region where the excesses are reported at LHCb.

Key boints (In the SM, LFU is predicted.)

~C9 and CI0 are relevant in that g"2 region.

~ Ambiguity is from the charm-loop.



Observables

IN which excesses are reported.



Lepton universality in B* 1 K* 171" (I = e, W) (1406.6482)

Talk of Trabelsi on 31th

-o-LIICb -—m-DBuaBuar —a—DBelle

observable & f LI B B B
_ l LIICh
2o dU[BY'—= K'iplu ] !
[ _ dg’ 15k _ i .
B’ L iy (1(1"‘ :
e dUBt— Kete| ., +
21!1;1..\ 5 (lq"' -
Tmin (lg‘ SM
— SM PredlCthn ’S ~I. _ 2.6' deviation
(Bordone,et.al, 1 605.07633) e TR T T
« PRL 113 (2014) 151601 2 |GeV2/eh
« PRD 86 (2012) 032012 7 eV e

« PRI 103 (2009) 171801

~B" K ee looks consistent (Hiller, Schmaltz1408.1627;LHCb, |406.6482)

B(B — Kee)"" " = (1.56 1515 0.04) - 107",
B(B — Kee)™™ = (1.757959). 107",
B(B — Kee)lHCD

B(B — Kee)SM

= 0.83+0.21. | |
with 1GeV? < ¢2 < 6 GeV?




° ° ° | 1"
Lepton universality in Bo! Kou' U
(LHCb, arXiv:1705.05802)
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Other excesses

Branching ratio of Bg ! I u* |.l!

Talk of Trabelsi on 31th
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There are a lot of papers about the New physics interpretations!

L

%

L

5PQJDT

Which kind of operators are favored?
Which kind of models can achieve?

Are there connections with other physics?
(R(D), R(D*),DM,g-2, etc.)



Which kind of operators are favored?

1G
Heg — — thbl Zc O,

e € ,

O = = my(sa,, Ppb) F* Oy = = my( 50, PLb)F*,
— (59, °Lb) (£4#F), Oy — W(gmp,zb)(i«,ﬂc),
2 o2

O — 7o (S Lb) (€4 756), Oy — 75 (5% b} (7 750)




Which kind of operators are favored?

Heﬁ — ICTF Z C C)

€

Or = 66;2 (50 Prc) F* O = ——5m(50, PLO)F™,
2 B
5 (57 Dub) ((70), Oy — o= (5 lrb) (1),
2
. 5
1671 2(5 mPLb)((') ¥5E), Oy — 1()17' |S PRb)(f“u“'i)

~ Scalar operator can also contribute to b" s .

o2

1672

The scalar operator is strictly constrained by Bs "$$
(Hurth, Isidori,et.al, 0807.5039)

~ Tensor operator contribution could been also discussed.

(5.br)(LR!L)

Or = [50,,b] [Ea’“’ﬁ] ,  Ors = [50.,b) [Za“”'y5€]

These operators are disfavored by the RK excess.
(Hiller,Schmaltz, 1 408. 162 7;Bardhan, et.al., 1 705.09305)



Parameter dependence

%

(Geng,Grinstein,et.al., | 704.05446)

C9<0I C10>0

Ry =0.74570-9%0 + 0.036  ¢* € [1, 6] GeV?
Ric1.1, 6 Geve = 0.68510:565 +0.047

[1.1, 6] GeV? bin
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There are many references on model-independent

analyses.

(Descotes-Genon,Matias,et al., 1307.5683;Hiller,Schmaltz, 1408. 162 7;Altmannshofer,Staub,
1503.06 | 99;Descotes-Genon,Matias,et al., 1 510.04239;Altmannshofer,Stangle,et al.,

Pairs of €, clean data oaly: R Re-

1 704.05435;D°Amico,Nardecchia et al.,1 704.05438; etc.)  PinoCacmbmoly ReRe |

6% CL
0.4 95% CL
- 20% PC crr
0. 2 - 0% PC err
== (.0
> =3
202 o]
S
-0.4
-0.6
-0.8 .
-06 -04 -02 00 02 04
(-vBSM
Oy uz

(Hurth,et al, 1603.00865) (D’Amico,Nardecchia et al, | 704.05438)



There are many references on model-independent

analyses.

(Descotes-Genon,Matias,et al., 1307.5683;Hiller,Schmaltz, 1408. 162 7;Altmannshofer,Staub,
1503.06 1 99;Descotes-Genon,Matias,et al., 1 510.04239;Altmannshofer,Stangle,et al.,

| 704.05435;D’Amico,Nardecchia et al.,1 704.05438; etc.)  PumdtCutmey ReRe

ANC ilnty” datacnly P35

All €, plobat fit, 1,2 3

04 el | AR
. Favored operators:
L Co(SC! b ) (| Fp) b Coo (S pb ) (H HEsp)

SCio/CYN
|

) ’ closeto ! Cp(SC!pub)(PC! HuL)

0.3 '
-06 -04 -02 0.0 0.2 0.4
8Cy/CM

(Hurth,et al, 1603.00865)

BSM
Cbz. 7]

(D’Amico,Nardecchia et al., 1 704.05438)



First example

MFV case



HDM with MFV (Huliet al,1612.08867)

induced operators

' 2 2
€= L _ - € g N frims m o
(._)g T Th 5 I‘.é—f"}”‘PLb) ‘[.l"au;l: (1o T (& :'MPLb] (u s i)

167

Cog>0Ci0<O

opposite direction

—_—SM )

— LIICb2015 ] .

— LHCb2013 ] X slze: C9~O(OO])
— Belle2016 ]

green:Type-|, -X * LFU i1s not violated

Blue:Type-Il,-Y
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Flavor Universality ZIE 9 /= (C.
{ah flavor-dependent int. H%E L L)

ML L Operators

Ho = (5(STWb)(M ) 5 (st b )(T M)

B Z . box diagram in Type-l, I, X, Y 2HDMSs
0 s

suppressed by muon mass

C9, C10IFKE < 7&H7E LY

chirality is opposite

(sc!ub ) (FR! FUR)



' ' K Okawa,YO, | 706.04344
One |nterest|ng Setup (nO MFV) (Kawamura,Okawa,YO, 1706.04344)

extra Fields  spin SU(3). SU(2) . U(l)y U(l)x

Q) 1/2 3 2 1/6 1
L 1/2 1 2 —1/2 1
X U 1 1 0 1
extra Yukawa
mq Q'L Qr + mu L' Ly +[' Q'R X Q| +|! JLR X pL + h.c.

X: DM candidate

wep  (SC!FRU)(FC! L) (Co =1 Cyo)



' : K ,Okawa, YO, 1706.04344
Large 1 Yukawa is required ~ “"meien )

mQ/@LQ!R + mL/FLL!R + 'IquRX Q. +|! HKX uL + h.c.

LHC bound

#IM

excluded byBs! Bg

I #" ™ %" &""

)

F[%&]

LHC bound "hvigh =D < i~ 71z



D RIEENE

1 1 _

He = !—2( L)1) ! _—Z(SL!ubL)(I!“!sl)

b S
b. leptoguark S

Z' A

¥ M

i I

Required NW scaleisabout ! ! 25TeV for Cgq = —1.

There are correlations with other observables in each model.
Other FV processes are (often) suppressed by hand in these models.



Third example

/' model

Seethetalkof O (Shigekami)



We introduce extra flavor-dependent U(1) symmetry.




We introduce extra flavor-dependent U(1) symmetry.

h S Z’ scale should be around
Mzopp 1 v o5ty
J q.l(gfl)sb

Seethetalkof O (Shigekami)




The stringent bound comes from Bs-Bs mixing.

The constraint from Bs-Bs mixing

|\/|Z!I 1

g  (g")sb

I 200 TeV

Is it possible to explain the b to s Il excesses?
Seethetalkof O (Shigekami)



How about other processes?




How about other processes?

~ 1
I

BR(B, — ptu~)™® = (2.8704) x 1072

BR[BD — }l+,'_.!,—\,'s}‘"l — (363 + ‘]33, v 10_9
Cio contributes to Bs "$$

BR(Bs! M)

C10 from LL coupling is positive when C9<0

" 2
= |1" 0.24C4




How about other processes?

Excess reported

—

-
i

BR(B, = utp=)®® = (2.8707) x 10~° hl gll

is also predicted.
(boyse ) (ICyume ) W (B! HsU)("TT ")

BR(B, — ptp )™ = (3.65 £0.23) x 107?

Cio contributes to Bs "$$
Current status (1303.7465(BaBar),1303.3719(Belle)):

BR(Bls ) = |1" 0.24C}, 2 Current upper limits are a factor
BR(Bs ! HW)sm 4.3 (K) and 4.4(K*)
C10 from LL coupling is positive when C9<0 above the SM predictions.




—EICIEZ. &2 TDelement ICFCNC ' 5:

b d d S
d
(9L )ao (6 )as
Z ! Z !
B-Bbar K-Kbar
d '3 Mzi/g d 4 Mzi/g
|(g|_)db| | 854! 10 10TeV |(g|_ )sdl I 3.47 x 10 10TV
o e
0°) e
Z !
O 11l
$|| 3e /O 3$
| e ! Mzi/g" : e Mz:/g'
(e ! 1.88! 10 2 15Tev (), ! 0.29 T



Second example

L eptoquark model



0 leptoquark

X



0 leptoquark S

X

Candidates for X

spin-0 X: 1], Q% "2 Lj Xs + 15, QF i"2 X3,
(Hiller,Schmaltz, 1 408.1627;Chen, Nomura, et al., 1 703.0325[;
Becirevic,Sumensari, | 704.05835; etc.)



0 leptoquark S

X

Candidates for X

spin-0 X: 1], Q% "2 Lj Xs + 15, QF i"2 X3,
(Hiller,Schmaltz, 1 408.1627;Chen, Nomura, et al., 1 703.0325[;
Becirevic,Sumensari, | 704.05835; etc.)

spin-1 X: hl Qu1HL; X3+ h) Qu "I L X2
(Sahoo, Mohanta, et al., 1609.04367; etc.)



Interesting points are

R(D*)

R(D) and R(D*) anomalies may be also explained.

0.25F

= BaBar, PRL109,101802(2012)

— Belle, arXiv:1507.03233
LHCDb, arXiv:1506.08614

= Average

SM prediction

P( 2) = 55%
I L L

0.3 0.4

B |

0.5

D(I)lll

0.6
R(D)

lepton universality of B" D(*)%&

Talk of Trabelsi on 31th




B —D(*)lv processes

(I=e, u, 7)



The new particle that may appear in R(D(%))
Is charged Higgs!




B —>D(*)lv processes % iCih 9 50perators

4G V.
Heg = \F@ b Z (é”j.-'“l’LV,e) + h.c.

l b—e 1,7

b) + gsrid" (¢PRrD)

charged Higgs appears

leptoquark
(Fajfer, et al., 1203.2654; Sakaki,Tanaka, | 205.4908;Crivellin,et al., 1 206.2634)



B —>D(*)lv processes % iCih 9 50perators

AGrV,
V2

Heff —

b .
= Jbe.p E ([tﬁ.—"‘]’Lz/_g) + h.c.

l b—e 1,7

b) + gsrid* (ZPrb)

charged Higgs appears

leptoquark

(Fajfer, et al., 1203.2654; Sakaki,Tanaka, | 205.4908;Crivellin,et al., 1 206.2634)

charged Higgs contributions

In B" D*%& ID'|(clsh)|B" = # mbi“mC!D! (T #1 5b)[B™

NB" D%& 'DIEHIB"= ——k—1D|( “b|B"




The charged Higgs contributions

Notation: Hefg = C'SMO -+ Cquqb - Cquqb

where ()sM — qvuFLb Ty FrLyvs . O%b — gPrb TPy | O;{b — gqPLb T PLu-.

(jcb Cvcb
A7 } +1.0

Zal
(- o l\l

. \ . , Cvc{, (‘C() .2
R(D) — Rsm( D) (1 + 1.5R l R +b L_| )
CC
/S M

9
, ‘ , | ] th th o Crb Cnb -
R(D*) — Rape (D) (1 | u.mm{ L L] L0056 | =& __—L
. ; \ / Cnb (’"(‘.b
SM SM

(Fajfer, et al., 1203.2654; Sakaki, Tanaka, | 205.4908;Crivellin,et al., 1 206.2634)



The charged Higgs contributions

Notation: Hefg = C‘SMO -+ Cquqb 4 Cquqb

— — b — —
where ()sm = @b Ty Prys O?{? — qPrb 7PLy, , O — qPLLTPLur.

(/wb C‘vcb
7 } +1.0

Zal
(- W l\l

‘7Y . | Cvcb 4 (jcb '2
R(D) — Rsm (D) (1 + 1.5R [ R - L | )
CC
“SM

~veh ~irh ~ich b E
R(D*) — Ranm (D7) (1 0128 [_LROB_(“L] nos|CR - CF \
S &
(Fajfer, et al., 1203.2654; Sakak® °4F
0.2
I T T
In MRV (type-II) od
! I —
= 03
H- | ' 'm, tan'! n_zij
o’ 0 02 o4 06 08 1
0 . C tan8/m,,+ (GeV=")

(BaBar, 1303.0571)
Talk of Trabelsi on 31th



In non-MFV (type-II)

(Crivellin,et al., 1206.2634)

Free parameters



3¢ decay rules out the explanation!

(Alonso,Grinstein,et al., 1611.06676;Akeroyd,Chen,|708.04072)

I
B I D ! I 11
[FE T or s Pl
C
b 0
0.8 .
- Exclusion based on
Bc | " -~ g theoretical calculation
H + U; ~ (Beneke,Buchalla, 9601249.)
Ej 04
0.2
SM
| | 00 — P . - —_— B S,  ,
022 024 026 028 030 032 034

i Mg :
Br(Be! !")= |1+ #q + —— i, 1 Br(Be! !")sm

See 2 (Iguro)Otalk on 31th



Let's see the other candidate, leptoquark!



Leptoquarkfor instance, predicted by Pati-Salam:
SU4)ISU(2)ISU(2)R

Lsuy = G B !

X |
T oKk

ba
G,LL

| K

o

('?%I

W

(Calibbi,Crivellin,Li,arXiv:1 709.00692.)

'! i AP uel + (Veokm i uPk




Leptoquarkfor instance, predicted by Pati-Salam:

SU(4)!ISU(2)ISU(2)R
LSU(4):g4.§ &’ EE él%a

B" D(*)%&

| A

o

('?%I

W

(Calibbi,Crivellin,Li,arXiv:1 709.00692.)

'! i AP uel + (Veokm i uPk

X K




Leptoquarkfor instance, predicted by Pati-Salam:

S U (4) I S U (2)-I S U (2) R (Calibbi,Crivellin,Li,arXiv:1 709.00692)
| o W 1 . W
e b T B X " Fj . 1bin . " . b
Lsua =% B & Xlg Cha o qaLI ’! i a2 ue + (Vekm )k uP i # [XPH
0 i 1.
" SK 5
B" D(*)%& .  BriB-K « 10"
ERVAY 06
H eff 33M02 > (_L H b_ )(#L_" p$|z-)
X 0.5
' R(DY)) i1+ 2 l!ssvci!,gi2 0.4 IR('D::)QU'
R(D(!))SM I AGE Vep M)% N m RD") 1o
0.3 Cé,‘”:-Cﬁ"g 2
~ 0.2 M Clgw=—C'$g 1o
B" KMIO
01
L] o _ L |
— 31" 21" M noq" 0.0 ! 05 2 . ]
Hers (S 7h)("ull) 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14

M

sS=s5




For R(D) and R(

D*) anomalies,

1
= (T )T ) ’ | 1 2.4TeV
| 0 times smaller than RK
. 1 o "
Assuming ——  Veo(T! *o)("T!p#) + (B! ) (T )
Vector LQ exclusion
S
- for R(D(*)) anomalies
pp"%Y@LHC 4 :
(ATLAS, 1502.07177:1608.00890)
= 2
1P .
pp" &E@IHC —ot— | where | =Muylgy
My > 770GeV 0o L0 lo 20
(ATLAS, 1605.06035,1508.04735) M (TeV) (Faroughy, Greljo, Kamenik, 1609.07138)



Summary

- Flavor physics in Beyond SM:

| F=2 processes, especially K-Kbar, and LFVs are very sensitive.

Minimal Flavor Violation is a good way to avoid the stringent bounds.

Even in this case, LHC excludes the low mass region.

Natural SUSY case sormee———— =
: ; -~ . 1 *|+_ n
- /5 M 1+,
_ S Gt _
40+ Al i
- 5 4 L - i *
- T Auy=300 | 0
2 30¢ /.
S
I /*
os=1.0
P | 0>
10 L] Neutrino Floor

500 1000 1500 2000 2500 3000 (Kawamura, YO, arXiv:1710.03412)
ma [GeV]



. B=M II' in Beyond SM:

Excesses reported in LFU of b" cl& and bs Il

R(DM)), R, Ryt |

! AN
B I M ” B, — J/UT D)
NB. —= J/Uuv)

#
b q (Watanabe, 1 709.08644;
Alok,et.al 1 710.04127;
Duta,1710.00351)

NP Candidates:
B.! | ' MFV difficult
q - " Z, 2HDM, leptoquark
suppressed

by lepton mass in SM !

Constrain New Physics

Direct NP search@LHC
wii be also sensitive

END




Backup



"FQUPO TFKJPS

Neutrino mass =67/t 5 &

Yukawa coupling for lepton with Dirac Neutrino:

explicit flavor symmetry violation

LY :He‘;; +TLH!;! + h.c.

\ \U(3)eRxU(3) p«d” /

U3 pVe=V& psMvVv“ “zTM«dsM

» PMNS matrix
Vemns = VEV'




Decay widths for Rk and Rk*

For RK

dl'k = 919 2 ms fT(QQ)
_=NK kaf q ) Ct +C'[ — C£+C,[+2
dq2 | | +( ) | 10 10| 9 9 m8+mK f+( 2)
4 2 2
my m A
+O(=£) + —f x Oas, = x —),
qA mB mB meg
For RK*
9
dl’y 3 vk £ vk 2my, TO(QQ) Q2 i
i = Nx-o|k[*Vo(q?)? (|CIO Ciol” +|C5 — Cg p— C7V0(q2) 872hic+0
dl’y _ 2 212 £ |© r£ 1f ¢ . 2mpmp T—(q?' 9
dq2 —NK J_lqu V_ (q") (lcl(]l + ICg -+ ICIOI + Cg q,2 C, V_(qz) — 87




Angular analysis of B! K

o s
NOAN |

L d*
dl'/dg” d cos 0 d cos (0 dodg?

9 13, .9 . 1, L. e :
7 TU — F)) sin” By — kpcost By + —1{'1 — FL)HIII?HK vos 28,
an g ’

a « 9 . 9 '
— I, cos” 0y cos 20, — Sysin” (lx sin” 0; cos 2@
— Sy5in 20y sin 20: cos ¢ £ Sssin 2y sinlecosd )

— Sgsin® O cos (p + S; sin 205 sin 0 sin @

— Sgsin 20 sin 20, sin ¢ + Sg sin? 0 sin? 0; sin 2¢ J :

(1308.1707;1512.04442
SATLAS-CONF-2017-023;CMS-PAS-BPH-15-008)

Talk of Trabelsi on 31th

(Blake,Gersabeck, et al., 1 703.10005)

e THCh o ATLAS prelun.
= Belle o CMS prelin.
SM from DIIMV

(=5
-
=1
- T




R I 1
Angular analysis of B ! KoU" W (13081707 1512.04442
ATLAS-CONF-20 7-023;CMS-PAS-BPH- | 5-008)

4 K *
Ty 2
s i3 | CTU N el 2 2y
(.,\ {k, /\)lﬁ"{ﬁhl”‘tﬂ)‘) = tpupoty [!" i m | |¢f ),
0 C Do - . . (63 - 4)
n B Ok K (e, |Fysb| By il - ) '”;‘3 W Aalq®) +iCn + k) (ej\:,,, — ¥ q;""’“) Arl?)

r i a (2}) q.)p Jp -y
\ \‘\\ HEy - g) Im (mp  mg-) ] Aalg) .
! H
\

Define the observables that are
less sensitive to the choice of the form factors.

1 41 g g
dl'/dg” d cos 0 d cos (0 dodg? 3,69 P 4,5,7 s P!
/ F 4 1,2,3 ? F F 4 4,5,6
T VITLL

1
a 5 .9 .2 0.2
— I cos” Dy cos 20; — Sysin” (lk sin” 0; cos 2@

9 (3 s B 5 1 L .
T [TU — F)sin® 8y — Fpoos® By + (1 = kL) sin® 8 cos 28,
10+

— Sy=in 20k sin 20; cos ¢ + Sy sin 20 sin (¢ cos @

SM predliction;:

03}
— Sgsin® O cos (p + S; sin 205 sin 0 sin @

EATE:

{P :

0o

— Sgsin 20y <in 20, sin ¢ + S sin? Py sin? 0 sin 2¢ J ,

/ 0:

] ——

_0.5' R r —

K—/ -U-:--

-10} ] -03F

1 2 3 r 5 6 R y 45 6
q° (GeV?) q° (GeV?)

(Descotes-Genon,et.al., 1 207.2753)




Form factor in B" K(*)ll can be estimated in heavy quark and large E limit.
(heb-ph/9812358;1503.05534)
The 4-quark operator largely contributes via one-loop | O(10)%

- — 2 N
(IS, X)) sy, 01 B0n)) = 6006t 17 R V (a°
\ . ! I lp | AT K prpTt A “B + - K \ ’ J
g . , . Qvripe-i ) . ) f(—" . (-')r i ,
[ Rk, M| Fyursb| Bip)y  dlel - q) !‘i, fu 4.-.(112_.! + iy +ang-) (é‘ — A . fu ) A1 ':.';’2,3'
q- ' q= )
/( | p ) N
ey cg) | ——E (mp k1= A |
, ) 9 {
\)k B+ - e
~

/

(Khodjamirian,et.al,, | 006.4945)

~ But excesses are reported in flavor universalities of B" K(*)ll,

that is not relevant to the ambiguity.

~ Angular analysis would be relevant to the contribution.



B =>D(*)lv processes % st 9 % Operators

A4GrV, .
- \1;§Cb J bju e:%;,T ([:7.-" 1 L.Ve) + h.c.

J;)l(‘ :+ gSL‘i(‘)“((_fPLZ)) - gs-R'i(?“(EPRb)

SM charged Higgs appears
leptoquark

Heff

(Fajfer, et al., 1203.2654; Sakaki,Tanaka, | 205.4908;Crivellin,et al., 1 206.2634)
B" D*%&

dl'z _ G%|Va|*|p q° i 2 2 2 m7 3 m7
= H H__ H, 14— ——|Ho¢ |4
dq2 967r3m23 (I ++| + | | + | 00| ) + 2(]2 9 2 | Otl

B" DW& Mo = TT5M [1 + (7sm —ﬂsr,)zmimc]

dl'(B— DI"v)  Gp|Va|?
dq? - 192m3mY,

X [Ap ( q
[ q q 2 —q°) — Am3q>.

(Iguro,Tobe, 1708.06176)




