New physics implications of
B > K*€e
and £’/ anomalies

Kei Yamamoto
( KEK IPNS )

PPP2016
Sep. 8th

collaborated with Satoshi Mishima (KEK IPNS)



Current status of Flavor physics

® Unitarity triangle ® Flavor anomaly
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Minimal Flavor Violation

[G.D’Ambrosio, G.F.Giudice, G.Isidori & A.Strumia, hep-ph/0207036]
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Constrained Minimal Flavor Violation
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Constrained Minimal Flavor Violation

[G. Buchalla, A. J. Buras, M.K. Harlander, ‘91]
SM™C flavor-universal variable

: Jz [iUWQ m ( 14+ ’)/5)]dj y-magnetic penguin

chromomagnetic penguin

S(ze) : (didj)v—a(dsdy)v—a AF=2 Box
X(a:t) (Jidj)V—A(DV)V—A, (d_idj)V—A(’L_b’UJ)V—A Z penguin + AF=1 Box
Y(%ﬁ) (Czidj)V_A(Jd)V_A, (Czidj)V_A(ée)V_A Z penguin + AF=1 Box
Z(xt) (Jidj)V—A( )V (d d; )V A(dd)v, (d d; )V A( )V Z penguin +y penguin
E(fEt) (szj)v Z(QQ)V, (d@ Oéd‘7 5 V_A Z QBC]a gluon penguin

(¢)

()

: cii,a[iauyq’\mb(l + 75)]Taaﬂdj,6

NP ZE ZZEE. FCNC processes IC3< operators DY SM E[F U THDEIRTE
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/ / SM NP
S X, Y, Z, E, D', E' & X =Xqy +06X

CMFV type NP5 ©  2HDM at low tanP



Constrained Minimal Flavor Violation

[G. Buchalla, A. J. Buras, M K. Harlander, ‘91]

KphEF. BPEFOHRRBZYIESN. [@ U flavor-universal variable TEeii TED

KY — K%-mixing (ef)

Bg,s — Bdo,s—mixing (AM;.q)

K — mvv, B — X4 vv

Ky, — s Bd,s - ll—

Ky — mlete™

e/, Nonleptonic AB =1, AS =1
B — Xy

B — X, gluon

B — XTI~

S(v)

S(v)

X(v)

Y(v)

Y(v), Z(v), E(v)

X(v), Y(v), Z(v), E(v)

D'(v), E'(v)

E'(v)

Y(v), Z(v), E(v), D'(v), E'(v)



NS | =

/EE g 35%51;
EERNS DO ITNHRESNTUVNDUTOMEBE(CFE

Y B->K*|] ICRITIBEKREFDM

[@ Uflavor-universal

7.9, ) variable CEZ(7 3

CMFVIZ &L B->K*IIE e’ /eH @ U flavor-universal variable Caoih C=dcsH. BERMH <K

CMFV NP



B > K*u'w
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B > K*u'w



Angular observables B° - K*(— K—7")utu~

d®T
dq2d(cos 0y)d(cos Ox)dp 327

I®sin? O + I€ cos? 0 + (12 sin Ok + IS cos? Ok ) cos 20,
1 1 2 2

+ I5sin® Ok sin® 0 cos 2¢ + 14 sin 20k sin 20, cos ¢
+ I5 sin 20k sin @, cos ¢ + (I sin? Oy + IS cos? Ok ) cos O,
+ I;sin 20k sin Oy sin ¢ + Ig sin 20 sin 20, sin ¢

+ I sin? Ok sin® 0, sin 2(]5) .

C. Bobeth
I + I,

- I(¢?) :angular observables
2 f(q2) : all weak phase conjugated

27;5

“optimized” observables :form factors drop out in the heavy quark limit

{P17P27P37P117 5/7 6,7Pé}

Pl = 23, P2: EGS, P3:_297 P, = 24
2225 8223 4223 4 V _223220 ’
Pl _ 25 P/ - _ 27 P, _ 28
5 2\/ _223220, 6 2\/ _223220’ 8 V _223220.

Kruger, Matias (05); Egede et al. (08); Descotes-Genon et al. (1 3)



P’. anomaly in LHCb & Belle

LHCh(3 fbA-1) 1512.04442
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Belle 1604.04042

Belle preliminary

T
M4 This Analysis

LHCb 2013
LHCb 2015

s sM™ from DHMY

10

g* (GeV?/c?)

DHMV : [S.Descotes-Genon, L.Hofer, J.Matias and J.Virto 1510.04239]

B - K*u+u- is golden channel in LHCb
LHCDb : ~2500 events, Belle : ~200 events
Belle confirmed LHCb result
LHCb : 2.80 and 3.00, Belle: 2.1 0

20



B - K*u*u & flavor-universal variables

Semi-leptonic operators

o . ¢ 7 (.1
Ogy = 4—(51:%011:)(”“1) \?’y \-/
o : e ™ @
O104 = E(EL%CZL)(W“%Z)
Dipole operator ¢
§v Y ?e
€
— Q pnv
Ory 1672 MesLu bR DA ~ @) O7, @

5Coy (1) ~ 4.32 §Y — 4.0 6Z — 0.03 6E
(SCloA(ILLb) ~ —4.32 0Y

5C7 (up) ~ —0.323 6D’ — 0.048 §E



Other observables

B — K*utp~ Bas—pp~ b— sy

Ogy = 4a (527.dr) (Iy"1) v
Oroa = |- (13 ([7751) v v
077 - 166 meSLUW,F“ bR V V
T o CMS 20d LHCb (LHG ) F/gurefrom M B/anke 1412 1003
leptonic decays '§o.8"
5 07F
b w b w+ w %TJ o.sé
B°.B* w+ BB ¢ Vu -
t T E
s,d U s,d e wo : g
SM exp
BR(B? — ptp™) (1.06+£0.09)x1071° (3.9179) x 10
_ _ MFV:
BR(B, — 9 (2.8107) x 1077
(Bs — pt ™) (3.65+0.23)x107° (2.8%55) BB _ IVl 2,
B(Bs — pp) |Vis|? -f}zs’S
radiative decay
SM exp

BR(b — sv) (3.36+0.23) x 107* (3.43+£0.214+0.07) x 10~*



Fit of 6C,,-6C;,,-6C,, from B - K*u'w

Data

/ / / /
angular observables {P17P27P37P47 5 67P8}
at g2 bins : [0.1,0.98] [1.1,2.5] [2.5,4] [4,6] [6,8] GeVA2

leptonic decays  BR(B, — u ") BR(Bg — put ™)
radiative decay BR(b — s7)

chi2

2 _ (077 — O’
O L G

Correlations

Not include exp. and theory correlations, but they do not alter our fit results



Theoretical errors in B - K*u*u

[S.Descotes-Genon, L.Hofer, J.Matias and J.Virto 1510.04239]

E 0.021 40.039 +0.058
w O ii+ , (P5)6,8) — 0.934 551648 0055 T0.058 £0:078
+ 1

-0.55 E
o |

q* (GeV?)

P parametric
all input parameters except form factors
(e.g. masses, decay constants, renormalization scale)

[Bharucha et al. 1503.05534]

depend on 7 form factors, calculated by ight-cone sum rules (LCSR)

P power correction
O(AQCD/mb) correction

!
S
P Non-local contribution | |
. . O e Hhad |
charm loop contribution (LCSR) B )K*
[Khodjamirian et al. 1006.4945 | N N




1dim. fits {C;} preliminary

best fit value : 6C,,=-1.3

ndf X° p value
0Cov (up) | 34(ang.) 35.7 0.38
5010A<,LL(,) 34(ang.) 44.3 0.11

36(ang.+leptonic) 54.2 0.03

6C7~(up) | 34(ang.) 38.8  0.26
35(ang.+radiative) 47.7 0.074

* 6C,, MEREKU) fit, 8Cy, ~ -1is favored
*6C,, 6 ang. DHIZEXVNtZSZ DN b->syZER
FDEFRDDE. fitHELED

where up = 4.2 GeV

6C9V, 6C7y, 6CloA GDJ”E\TJ:(/ \ﬁt



best fit value : 6C,,=-1.3

preliminary

1dim. fits {C:}
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2dim. fits {C;,C;} preliminary

{P17P2’P37P417P5/7Pé7p8/} >
6 T T T T
4_
2_
E
<0
g
-2t
-4t /
6 4 2 o 2 4 6
6Co v (ub)
ndf e p value
{0Cyy,6C104} 33(ang) 357 0.34
35(ang.+leptonic) 40.2 0.25
{6Cyy,0C7,} | 33(ang) 35.7 0.34
34(ang.+radiative) 35.7 0.39
{0C104,0C7,} | 33(ang) 36.2  0.32
36(ang.+lept.+rad.) 52.0 0.04

6C 10 altp)

BR(B, — ptp~) BR(Bg — ptp™)
{P1, Py, P3, Py, Py, Pg, Py}

)

-a-  best fitvalue : 6Cq,=-1.3 |
6C,p,=0.2

-6 -4 -2 0 2 4 6
O6Cq v (up)

* 6Cy, -6C,y, plane :
negative 6Cgy, & 6C,,, ~0 are favored



2dim. fits {C;,C;} preliminary

{P17P2’P37P417P5/7Pé7p8/} >
6 T T T T
4+
2_.
E
<0
g
-2t
-4
6 4 2 o 2 4 6
6Co v (ub)
ndf e p value
{509‘/, 5010,4} 33(ang.) 35.7 0.34
35(ang.+leptonic) 40.2 0.25
{6Cyy,0C7,} | 33(ang) 35.7 0.34
34(ang.+radiative) 35.7 0.39
{0C104,0C7,} | 33(ang) 36.2  0.32
36(ang.+lept.+rad.) 52.0 0.04

6C 10 altp)

BR(B, — ptp~) BR(Bg — ptp™)
{P1, Py, P3, Py, Py, Pg, Py}

6
| Brunching Ratios
. Angular Observables
4+ i
L All
_ resulgi‘from DHMV
2: 2F V Al
of o @
-2t 2
..4: bEJLJIL vuidc . vegy— -1.3
C6 4 2 o 2 4 6
6Cov(ub)

* 6Cy, -6C,y, plane :
negative 6Cgy, & 6C,,, ~0 are favored

Y consistent with the global fit result
by DHMV

[S.Descotes-Genon, L.Hofer, J.Matias and J.Virto 1510.04239]



6C 10 a(Hb)

3dim. fit {Cov,Cioa,Cry}

AREREEES . EEaEE R
4
2|
o (\
I \___ J
_2:_ ]
: best fit value : 6C,,=-1.3 |
-4 6C,4=0.18
| 6C,,=-0.007 |
N T .
6 -4 -2 0 2 4 6
6Cov (k)

% negative 8Cy, & 6C;,, ~0
are favored

e p value

preliminary

{509\/,501014,(5077} 35 (ang.+lept.+rad.) 40.3 0.25
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Direct CPV (K->t decays) : ¢ /¢

—>talk by Kitahara

/
G_K — — U.J (ImAO — l ImA2>

€ w
K \/§ ‘GK’exp ReAO QCD penguin EW p€enguin

AO’Q — A(KL — (7'('7'(')]:0’2)

In SM, there is accidental cancellation between ImAO and ImA2 due to
the enhancement factor 1/w

Al=1/2 rule



SM prediction for €’/¢

—talk by Kitahara

Recently, RBC-UKQCD collaboration have reported the first lattice result of €'/«

B6, B8 : Non-perturbative parameters

B{? (m.) = 0.57 £0.15 B (m,) = 0.76 £ 0.05
3
QCD penguin Qs = (5adp)v-a Z (G8Ga)v+a EW penguin Qs = Sadﬁ V-A zd: ¢ (@8Ga)v+a

[RBC-UKQCD’15]

KM (€/€)gy = (1.38 £ 6.90) x 104 ~?2.10 difference

[Buras et.al15]

( /E)qM (1 9+ 4. 5) X 1()_4 ~2.90 difference

[Kitahara et.al ‘16]

(EI/E)SM _ (0.96 £+ 4.96) > 10—4 ~2.90 difference

[NA4S, KTeV] 10%x107-4 DA —S —DNPHINE
*Exp  (€/€)exp = (16.6 £2.3) x 10~



g’le & flavor-universal variables

, Xgpn = 1.48
Ysu = 0.94

5= ~ (6X +0.88Y —16 67 — 0.4 6E) x 107 2o
€

Esy =0.27

RERIBLHBATE=DLLHL) ¢/e ZREL T DICIE. negative §Z H'ER],
85X, 8Y & 8E [ClJinsensitive

&XId. BR(K*->mwW)D'SRHDDCENTED
2 2
(Ir;l;‘tX(v)> - (Ri\/\CPC(X)Jr R;?tX(fu)> ]

BR(KT — 1t uD)exp = (1.7371:15) x 10710 X =0.92

B(K+ — 7T+V17) = /€+(1 + AEM)




preliminary

Constraint on 0Y-0Z from €’/¢

_6Y-0Zplane Oy 0Csnplane

% of 20

lo

||||||||||||

Xey=148 =2 =1 0 1 2
Year = 0.94 &Y

Zsn = 0.65
Esy =0.27 509V (,Lbb) ~ 4.3290Y —4.00Z —0.03 0F

5010A(ﬂb) ~ —4.32 oY

* 8Y-6Z plane : negative 6Z DMHZE, 6Y (8E) [C[Jinsensitive



B > K*u'w
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preliminary

Comparison between
B> K*u*u & &’/s

* KPEFR, BPEFR. ZNnzens
MBI DIEEBICT VY3V HD

K*CMFVC@AND /N —%=53BA9 DD
(& 0N

6C 10 alMb)

* beyond CMFVODRIE




Summary

> KPEF. BPEFOMIBEIC., SMH'S5~3c6D TN,
g'/e
P5’ (B->K*pup)
b KO+, BOEFOWMIEENE Cfunction TEEili =1 -DConstrained Minimal Flavor Violation
ZIREL. CNBM? /N —Z=EiFICiRBA TE DR LI

KPEFR. BPEFR. TNZNAREIDIRBEICT VY3 VABDICEZRm UL

» beyond CMFVODRIE
D) flavor-universal variable S (AF=2) [CRUNT 2.3 0 DTV 3 [M Blanke, Al Buras, 1602.04020]

S(ze) - (Ciidj)V—A(Ciidj)V—A AM; a4, €K

» RER&IB5HE TS — D improve HVAL]

52§% : LHCb & Belle2 B->K*|l statistical error
185 - B->K*Il (non-local charm loop contribution)
g’/e (hadronic matrix element)



