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1. Introduction
Rk, R} and angular observables in B — K*upu

2. Global fits

model-independent fits of NP contributions
only Ry, R;{

+ angular observables

3. Summary
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1. Introduction

® b — s¢t¢: FCNC transitions; due to their suppression
within the SM, they have a high sensitivity to potential NP

contributions.

® In2013,LHCDb [| fb-1] observed a 3.7 sigma discrepancy
between the data and the SM in one bin for P5’.

® In 2015, LHCDb [3 fb-1] confirmed it with a 3 sigma
deviation in each of two bins.

® LHCDb also observed a systematic deficit with respect to
the SM predictions for the BRs of several decays, such as

Bs — opp,
In 2016, Belle confirmed the PS5’ anomaly.

Recent ATLAS and CMS data show a good overall

agreement with the LHCDb results.
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B — K* form factors

* — D, *U o 2
(K (k, A)[87,:b1B(P) = €pwpo X PPRT = V()
_ _ ) " .
(K™ (K, A)|57,750|B(p)) = i(€) - q) m;{g W A0(?) +i(mp +mp-) (Gi,u 5 qg)q“> Ai(q?)
o (2p —q) q
(6 0) | D (g = e %] oG
qyg_(*(ka A)|§qub|g(p)> = QiEMVpaeiyppka Tl(q2) ;
0" (K (M) 50,355 B(P)) = |€,u(m = m¥e) = (€ )(2p — 0)u] Ta(a?)
2
% q
+ (€ - q) [qu Ty (2p — Q)u] T3(q°)
(R (kX = 0t B) = —2 ) )
® In the heavy quark and low g2 limits,
2 _ mp 2y _ MpB + MK+ 2\ _ oy _ MB 2
§1(q7) = —— V(g) = — 5 Aile) =T(a") = 5 T2(q").
2y _ MK* 2y _ MB + Mg~ oy MpB — MK+ 2y _ MB 2y 2
§1(¢7) = ——Ao(q”) = —7— Aild") o~ A2(q7) = 5= Tale”) = T(0”)

B only two independent form factors!
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B — K* form factors

Tl ) T2
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Bharucha, Straub, Zwicky'2015
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Optimized angular observables

d’ d 1 K 11n K IS cos COS
q2 (COS He)d(COS HK)d¢ 327 1 1 2 2 K Y/

+ I3 sin? O sin? 0, cos 2¢ + 1, sin 20k sin 20, cos ¢
+ I5 sin 20k sin Oy cos ¢ + (I sin? O + Ig cos? Ok ) cos 0,
+ I7 sin 20k sin 0y sin ¢ + Ig sin 20 sin 20, sin ¢

z) + Iqg sin? 0 sin? 0, sin 2¢) .
I’i _I_ I_z
D = > = S;

2i3 2i6s 29 24

P, = ’ Py = ’ P; = — ’ P;; — ’
2223 8223 4223 \/_223220
> > >
P! = > ., Pl=-— T, Pl=- I
2\/_223220 2\/_223220 \/_223220

Kruger, Matias (05); Egede et al. (08); Descotes-Genon et al. (13)
® less sensitive to form factors

“optimal” in the heavy quark limit ignoring axs corrections

and long-distance hadronic contribution.
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Optimized angular observables

® Piis insensitive to the choice of form factors.

Descotes-Genon et al., 1207.2753
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Figure 11. Predictions in the SM and in the case of NP at the benchmark point b2 for P; (left)
and S3 (right). The yellow boxes are the SM predictions integrated in five 1 GeV? bins. The blue
curve corresponds to the central values for the NP scenario. The green band is the total uncertainty
considering the form factors of refs. [26, 28], while the gray band is the total uncertainty obtained
using the form factors of ref. [27]. In the case of P; the gray band is barely visible.
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Anomaly? LHCb, 1512.04442
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DHMYV = Descotes-Genon, Hofer, Matias & Virto (2014)

Os = (57, PLb) (E4")

NP I
Co <0 C'" /CM| ~ 25 %
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Possible interpretations

CNP <0 0o= (57uPrb)(r"0)

_|_

/ f
® NP contribution, e.g., from Z’ Nﬁf
b p
<

® Hadronic contributions might mimic a short distance NP
contribution in Cy,, .

Underestimate of SM uncertainty from long-distance
charm loops ?

C o
_ 3 A
O2 = (by,Prc)(cy" Prs) 563‘@
-4 |
LCSR estimate Khodjamirian et al. (2010) g O )K*
—

Main problem for the P5’ anomaly!! | >
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P5 anomaly in B — K*u*pu~
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2.8 and 3.0 o from SM ) 2/ .4
 JHEP 02 (2016) 104  ATLAS-CONF-2017-023 q [GGV /C ]
« PRL 118 (2017) CMS-PAS-BPH-15-008

® DHMYV vs.ASZB:
different inputs for form factors

different parameterizations of hadronic contributions

and power-suppressed contributions
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LFU ratios Rz«

® The Lepton Flavor Universality (LFU) ratios are very

clean probes of NP:

2
9max

2
qmin

RM[2 2 ]:

dg

»d['(B—>Mpu ")
dg?

mins 9max 2
9max

2
qmin

dg

»dI'(B — MeTe™)
dg?

® very clean theoretically; hadronic uncertainties cancel

to large extent in the ratio.

Hiller & Kruger, hep-ph/03 10219

® potential to discriminate among NP models.

Hiller & Schmaltz, 1411.4773

® The SM values of Ry are expected to deviate from
unity only at the percent level, considering QED

logarithmic corrections.
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LHCb data for R+
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Sources of LFU violation in the SM

® masses of the charged leptons

relevant only for a very small di-lepton
. . 2 2
invariant mass squared close to g° ~ 4m,

® their interactions with the Higgs

® (negligibly small neutrino masses)

o tiny effects in rare B decays

C &

-y

® Hadronic contributions cannot generate (2
LFU violation. B v JK

7z
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LFUV data from Belle Belle. 1612.05014

® Belle reported data for LFUV observables, but not
yet statistically significant.

_ /1L /e
Q4,5 — P4,5 — P4,5

I
15 I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' ] 15 - - - T ,
i 71 SM from DHMV 1 I T
10 [ - 1 NP Example ] 10 L
[ [ | F . I
< i . o 2 0ol
Q 00 ' * L & ————
-0.5 | | . -0.5 F
]—O—I | I
-10 f . “LOF = SM from DHMV
I ] 1 NP Example |
1y = . . v ..oy ] -5
0 5 10 15 0 0 5 , 10 . 15 20
q° [GeV?/c?] q” [GeV©/c7]

® Less sensitive to hadronic contributions.
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Clean or Dirty

® LFUV observables Rx ) and Qa5 = Py — P;5
less sensitive to hadronic contributions

theoretically clean!

® Angular observables, such as P5’

suffer from hadronic contributions

dirty!
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2. Global fits
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Relevant operators

4G
V2

Og = (37" Prb) (£v,.8), Oslae = (37" Prb) (£v,.£),
Oty = (37" PLb) (Fuvst), O = (57" Prb) By, vs0),

® In the SM, \ chirality flipped

Co(ps) = 4.1 Co(p) = 0

ClO(I«Lb) ~ —4.2 CiO(l’l’b) ~ 0

Hor = VsV, Zcfo“rhc,

® Operators with chiral lepton currents:

O%5 = (57" Pab)(£v,Pst), A,B=L,R
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Patterns of NP In R g+

® The dipole operator O7, and four-quark operators
cannot lead to LFUV.

® The (pseudo-)scalar operators are strongly

Alonso, Grinstein & Martin Camalich, 1407.7044

constrained b)’ B (B s — fﬁ) . Altmannshofer, Niehoff & Straub, 1702.05498

® NPin C{’" and c{)*

The nodes indicate steps of AC}' = +0.5.

Ry % R~ g
0.6} ,-"/ Cio
the presence of chirality flipped S | | |
contributions 06 08 :192 12 14

Geng, Grinstein, Jager, Martin Camalich, Ren & Shi, 1704.05446
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Patterns of NP In R g+

® B— K
dl' i 3 mMp fr(a®) 2 :
—Nk |k C C C — 87%h
iz KRR o+ |- mp +mi (@)
4 2 A
+ 024 + =L < O(ay, q2 w2,
¢t mp mp  Mp fi, Vi, T; : form factors

h; : hadronic contributions

® B K*¢ Tk _dlL dlo

dq? dg®  dg?
dly 5 2my -, To(q°) 2
ag = NieolFP Tl (010- I O B

dl’ |
e = Nx-1|kl¢*V_(q ( ol +‘

® V. (g% and T (¢?) are power suppressed.

+|Cs +

Ag:A_: Ay =1:A/mp: A?/m; in the heavy quark limit
® relative minus signs due to the different parities.

® Chirality flipped contributions increase the decay rate in

the transverse polarization.
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Fit of R 7+

® NP in muon couplings: Geng, Grnstein, foger, Martn Camlich,Ren & Shi, 1704,0544¢
Ry only +B(Bs — pp)
4 . /{ / _ 4 . . . . :
y : 3} R
| , // 4 / | 2 | AN Rk
52 & "10 and 3|o i) | '
Q0 2 —
-2 _ 1 - BS >
- 2 1o and 30
_4 .
-4 -2 0 2 4 4 -3 -2 -1 0 1 2 3
6Cy 6Cs

® The fit favors NP in the directions of 6C§ = —6C1, .

® NP in electron couplings produces very similar
results with §C¢ ~ —§C¥.
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Fit results

Coeft. best fit lo 20 pull Altmannshofer, Stangl & Straub, 1704.05435
Cy —1.59 [-2.15, —1.13] [—2.90, —0.73] 4.20
Cio +1.23  [+0.90, +1.60] [+0.60, +2.04] 4.30
Cs +1.58 [+1.17, +2.03] [+0.79, +2.53] 4.40
C1o —1.30 1.68, —0.95] [—2.12, —0.64] 4.40

] ]
[ ] ]
[ ] ]
[— ] ]
Ch =-Cl, —064 [-0.81, —0.48] [~1.00, —0.32] 4.20
Cs =—-C% +0.78 [+0.56, +1.02] [+0.37, +1.31] 4.3¢0
[ ] ]
[ ] ]
[ ] ]
[ ] ]

Cyt —0.00 [-0.26, +0.25] [-0.52, +0.51] 0.0c
Ciy +0.02 [-0.22, +0.26] [—0.45, +0.49] 0.1¢
/5 +0.01 [—0.27, +0.31] [-0.55, +0.62] 0.00
Cié —0.03 [—0.28, +0.22] [—0.55, +0.46] 0.1c

® A good description of the data is given by
Cy{—C§—Chiy+Ciy~—14

unless some of the individual coefficients

are much larger than one in absolute value.
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Chirality-flipped operators

® The primed coefficients, corresponding to right-handed

quark currents, cannot improve the agreement with the
data by themselves.

Oy = (57" Prb) (£y.8), O34 = (37" Prb)(£v,75¢L)

I RK
2 1 Ry

—— LFU observables EtK(*), Q4,5
RK* > ]_, RK < 1 | < \ b — supu global fit
° 3@ \\\\\
and vice versa S
< 4

Altmannshofer, Stangl & Straub, 1704.05435

T T T T
-3 -2 -1 1 2 3

ReOCg
® In combination with sizable un-primed coefficients, the
primed coefficients can slightly improve the fit.
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Chiral lepton currents

O4% 5 = (37" Pab)(4v,Pst), A,B=L,R

New physics in u New physics in e 4% = [1.1,6] GeV?
1.67\ AL L 4 B S 1.67\ T ‘\\\‘ T Q
- N / 7 - ]
14- C // e g 1.4~ \ 4
Y : A z
1.2~ p & ?SM 7 1.2~ 1 7
N L MR
- CBSM . 7 N ]
< 1.0 74 ] < 1.0 .
- N _ B BSM ]
0.8- A 0.8~ ’ ]
0.6 E 0.6 i
- b : - 4 :
0-4 T T T S R R B R R R 004 p ol 2 \/\ T R R Y A R B S S B R R R
04 0.6 08 1.0 12 14 1.6 04 06 08 1.0 12 14 1.6
Ry Ry D’Amico, et al., 1 704.05438

® A reduction of the same order in both ratios is possible

- - BSM
in the presence of negative C;°" " .

® Ry <1 E’ brpr, brer, brer, brer
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g2 dependence

1.0 ( — 1.0 -
\
0.9 1 0.9 1
0.8 SM 0.8 SM
e Cl=-16 & Cl=-16
= CS = +1.6 S CS = +1.6
e O =-13 e O =-13
0.6 7 Cl = —Cl = —0.7 0.6 7 — O =-Cly=-0T
e CE=—C% =07 e CE=—C% =07
0.5 1 4+ LHCbH 0.5 1 4 LHCbH
0 5 10 15 20 00 25 50 75 100 125 150 175
¢* [GeV?] q* [GeV?]

Altmannshofer, Stangl & Straub, 1704.05435

C'g E’ R S R+~ <1
Cio 9 Rk-SRk<1

® In the SM, uncertainties almost cancel in the ratio,
but it’s no longer true in presence of lepton-specific

. . e, 1
NP contributions.

€, 1t

® Rk~ at low g2 is dominated by the photon pole,
which gives a LFU contribution. @ o @
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First bin of Ry~

® The first bin is dominated by the dipole operator,
which is bounded by B(B — X.v).

® It is difficult to accommodate the data for the first bin
through C9 and CI0.

® A significant discrepancy in the
first bin would imply the existence
of light NP degrees of freedom.

® More precise measurements
will be important to clarify
this issue.

D’Amico, et al., 1 704.05438 Ry+[1.1, 6]
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Global fit

Capdevila, Crivellin, Descotes-Genon, Matias & Virto, 1 704.05340
® Two cases:

- LFUV(I7measurements): Rk (LHCb), Q4,5(Belle)

-All (175): B - K*up (ATLAS, Belle, CMS, LHCb) + above
Bs; — ¢pp (LHCD)

B(B — Xs7v), B(B — Xsup), B(Bs — up), etc.are also included in both cases.

® Main anomalies:

Largest pull (Pue | (s | REY[RREM] RN (BRY B
Experiment —0.30 + 0.16|—0.51 4 0.120.7457 5557 | 0.6670-423 10.685100221 0.77 £ 0.14 | 0.96 & 0.15
SM prediction —0.82 £ 0.08] —0.94 + 0.08{1.00 £ 0.01|0.92 £ 0.02|1.00 & 0.01| 1.55 & 0.33 | 1.88 & 0.39
Pull (o) -2.9 -2.9 +2.6 +2.3 +2.6 +2.2 +2.2
Prediction for C)F = —1.1||—0.50 4 0.11|—0.73 & 0.12]0.79 4 0.01{0.90 4 0.05|0.87 4+ 0.08| 1.30 + 0.26 | 1.51 +0.30
Pull (o) -1.0 -1.3 +0.4 +1.9 +1.2 +1.8 +1.6

28/46

® SM: p=4.4% for LFUV and p=14.6% for All

Satoshi Mishima (KEK) €




Global fit w/o LFUV observables

® NPin b— suu

Altmanshofer, Niehoff, Stangl & Straub, 1703.09189

Coeft best fit lo 20 pull
e —~1.19 [—1.41, —0.97] [—1.61, —0.73] 4.90
C} +0.13 [—0.08, +0.34] [—0.29, +0.55] 0.60
CRP 10.64 [4-0.41, +0.90] [4+0.18, +1.16] 2.80
C1o —0.05 [—0.22, +0.11] [—0.38, +0.28] 0.30

O = O —0.33 [—0.53, —0.12] [—0.70, +0.13] 1.50
CiF = —CRF —0.61 [—0.74, —0.45] [—0.92, —0.31] 4.30
Ch = C1, +0.07 [—0.18, +0.32] [—0.44, +0.58] 0.30
Cl = —Cl, +0.05 [—0.05, +0.15] [—0.15, +0.25] 0.50
OGS (—1.17, +0.16) — — 4.60
cit, G} (—1.25, 4+0.55) — — 4.90
CY=, O (—1.34, —0.36) — — 5.00
cy, CXF (+0.17, 40.66) — — 2.40
cy, O, (4+0.18, +0.05) — — 0.20
CcXP, C1, (+0.64, —0.01) — — 2.40

® The data can be described by NP in C§'.
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1D fits

Capdevila, Crivellin, Descotes-Genon, Matias & Virto, 1 704.05340

® A NP contribution to muons is strongly preferred to that
in electrons due to the angular datain B -+ K*upu .

All o] [%] LFUV o] (%]
1D Hyp. Best fit 1o 20 Pullsn | p-value||Best fit 1o 20 Pullsn [p-value
Coy -1.10 |[—1.27,-0.92]|[—1.43,—-0.74]| 5.7 72 -1.76 |[—2.36,—1.23]|[—3.04, —0.76]| 3.9 69
Cop = —Cio, || -0.61 |[—0.73,—0.48]|[-0.87,—0.36]| 5.2 61 -0.66 |[—0.84, —0.48]|[—1.04, —0.32]| 4.1 78
Con = —Co, || -1.01 |[—1.18,—0.84]|[-1.33,—0.65]| 5.4 66 -1.64 |[—2.12,—-1.05]|[—2.52, —0.49]| 3.2 31
Cop = —3Coe || -1.06 | [-1.23,-0.89] | [-1.39,-0.71] | 5.8 74 -1.35 |[—1.82,—-0.95]|[—2.38, —0.59]| 4.0 71
NP NP SM
CQM <0 ‘CQH /CQH |N25%

® The 3rd hypothesis that would fail to explain Rx are not
disfavored due to their good compatibility with Rx~ data.
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Signs of NP contributions to coefficients

Rx  (P5)ue)i68 BB
e T _
- 7 v d Og = (57, PrLb)({V"L)
TR v _ 7
oy p O10 = (57, LLb) (" v5L) |
I _ (g )~/ M
CNP + v 09 — (S’VMPRb) (Z”}/ E) ;
- Vv v I (5 0~ M
Ol = (59, Prb) (("50)
np TV v
C
0 Y
Descotes-Genon, et al., arXiv:1510.04239
--LHCb -m-BaBar —a—Belle :": zé: IIIIIIIIIIIIIII LII_ICEb | :_
e 77— 2 = E E
L L L B ] & L § ) = SMpred. _3
E LHCb E 25_ LHCb —E °-goD Z §_+ = Data _%
“F " E 1= SM from DHMV—; N: SE_ —l— —E
[ i 0:*‘—{—_ N g 4F _}——{—z
i M g —— 1 X 3 —t— =
e ] - —— —— ——— = -—}—-
5F ] '15‘ 2.80 3 0 g % 21: =
of 108 B
TS0 s w0 B T R T a———- 5 10 15
q? [GeV2ich] ¢ [GeV?/c4] ¢ [GeV?/cH]
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NP shifts in angular observables

3 - | e - e ————————
5 | 00 &= | :

j -05

< 10 o 15-
0 * v -15 )
:F = I; -20 » C

=1 | 00'=l=’ e

-25

q
| 1.0 0.8
| 06
| 0.5
04 |
=n 0.0 o 02
<« o 0.0 % o 5o %—_‘:'__‘ 1
’ -0. -02 :
-1.0 . -04
6 8 0 2 4 6 8

Pink: SM
Blue: NP with Cy,; = -1.3

32/46 Satoshi Mishima (KEK) @&y



Capdevila, Crivellin, Descotes-Genon, Matias & Virto, 1 704.05340

2D f|tS All LFUV
2D Hyp. Best fit |Pullsm |p-value|| Best fit  |Pullgy |p-value
(Coy ,Ciop) || (-1.17,0.15) | 5.5 74 || (-1.13,0.40) | 3.7 75
(C5F,Ch) || (-1.05,0.02) | 5.5 73 ||(-1.75,-0.04)| 3.6 66
’ NP in (Coy s Cory) || (-1.09,0.45) | 5.6 75 || (-2.11,0.83) | 3.7 73
(Co s Cro,) || (-1.10,-0.19)| 5.6 76 [|(-2.43,-0.54)| 3.9 85
(Coy ,Coe ) || (-0.97,0.50) | 5.4 72 || (-1.09,0.66) | 3.5 65
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2D fits by another group

Altmannshofer, Stangl & Straub, 1704.05435

1.5 1 1.5
1.0 1 1.0 4
+
o 0.5 . o 0'5 -
3=
3 3
= o
A~ 00 0.0
—0.5 —0.5 A
' —— LFU observables
b — supu global fit —— LFU observables
b — sup global fit
a].l _1.0 T Jle~aA
~1.0 1 flavio all
——-all, fivefold non-FF hadr. uncert.
| T T T T T T
—20 -15 -10 -05 00 05 10 15 —20 ~1s o —L0 ‘0-}5{6 02-0 0.5 10 15
Re CY¥ 9

® The results are very similar to those by Capdevila et al.

® In the left plot, uncertainties of hadronic contributions are
inflated by a factor of 5 w.r.t. their nominal estimates.
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6D fit

Capdevila, Crivellin, Descotes-Genon, Matias & Virto, 1 704.05340

Cr" Cou Cioy. Cr Cor, Ciop
Best fit +0.017 -1.12 +0.33 +0.03 +0.59 +0.07
1o |/[-0.01,40.05]|[—1.34, —0.85] | [4+0.09, +-0.59] | [4+-0.00, +-0.06] | [4+-0.01, 4+1.12] | [-0.23, 4-0.37]
20 ||[-0.03,40.07]|[-1.51, —0.61]|[—0.10, 4+0.80] |[—0.02, +0.08] | [—0.50, +1.56] | [—0.50, +0.64]
® 6D fit to “All” data
® SM pull: ~5 sigma
Cr 20, Cy, <0,Cr, >0,C;20,Cy, >0,Ci, 20

where Cg,, i1s compatible with the SM beyond 3 o, Cio,,
C»» and Cyr at 2 o and all the other coefficients at 1 o.

® The result confirms the need for a large negative
contribution to CY¥.
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Fit of LL, LR, RL, RR, ...

New physics in the muon sector

Wilson Best-fit 1-0 range VX — Xt
coeft. ‘dirty’ all ‘dirty’ all ‘dirty” | all
—0.99 | —1.01 | —1.10 . ‘
BSM || _ _ _
Cosuy || 133 | =133 12133y 70 |y 65 | —158 q
1.27 | —0.40 | —0.03
BSM _ _
Cp || 0.68 | =073 | —0.35 || | e | s | 12| 21| L1
0.32 | —0.04 | —0.01
BSM _ _
Copir 0.03 0.20 | —0.15 —096 | —0.20 | —0.05 0.1 1.3 |11
0.14 0.61 0.50
BSM || _
Cyprin 0.44 | 0.41 0.29 100 | 018 | 007 0.8 1.7 | 1.3
New physics in the electron sector
Wilson Best-fit 1-0 range VX — Xt
coeft. ‘dirty’ all ‘dirty’ all ‘dirty” | all
2.31 0.69 1.30
BSM
cpst || rme [ oas foge | U0 00 (@] 03 |85
—4.23 | 0.33 | —2.81
BSM | 515 | —1.70 | —3.4 . . |
Chien | 015 30 610 | 283 | —4.05 09 |30
0.39 0.29 | 0.30
BSM _
Cyror 0.085 0.51 | 0.02 —091 | —155 | —0.05 0.3 0.7 |0.1
—4.66 | 3.52 | —2.65 .
BSM || _ _
Cyron 5.60 | 2.10 3.63 656 | 270 | —4.43 0.5 |25

D’Amico, et al., 1 704.05438

clean: Ry, - -

dirty: angular obs’, ...

T~

larger NP contributions

® ‘dirty” obs’ favor a deviation from the SM in the same
directions as “clean” ones.

BSM
£ CbLuL <0
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More results

® 4D fit

D’Amico, et al., 1 704.05438

CPSM = —1.35+0.22 [ 1 =026 002 —0.33 )
CoM = 4+0.44 4+ 0.21 . -0.26 1 —0.17 047
sy with p =
PSM = —0.33£0.33 0.02 —017 1  0.25
CESM = 40.86 4 0.54 \ 033 047 025 1 |

® electron vs. muon

2 \ i \ o |
B ¢ 4 ' i 4 _
1 B ] i j Pairs of C, clean data only: Rx R ..
| 4 B 2 | Tl
% s L ] % < N All C, “dirty’ data only: P5... /I
< 0F @ — = 0Or o e e e e
T smoo - T :
d . of . [ All C, global fit, 1 230 j
1+ - - .
n | 4 _
_2 _ ! Lot [ [ | | i [ A [“‘ T I | “?. TR I B \‘L [ ‘?‘ |
-3 -2 -1 0 1 -3 -2 -1 0 1
BSM BSM
CéL UL CéL ML
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Global Bayesian 8D fit

D’Amico, et al., 1 704.05438

® dirty data favor an anomaly in muons.
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Implication to NP scale

W.Almannshofer, Talk at Aspen, Jan. 2016

1

generic tree /\Tw(é%PLb)(FWVM) Awp ~ 35 TeV x (CNP)~1/2
L Vib Vis (87, PLb) ("
MFV tree ATI\HD t Vis (S7u PLD) (v 1) Anp ~ 7 TeV x (CglP)—1/2
1 1 _ _
generic loop 2 1a2 (ST PLb) (A1) Awp ~ 3 TeV x (CYP)~1/2
NP
MFV | 1 1 *x (= - v NPy—1/2
o0op th Vts (Sfy,/PLb)(,ufy lu) Anp ™ 0.6 TeV x (Cg )

/\ﬁlp 1672
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NP or hadronic effects?

® NP contributions are independent of g2 and universal
for all helicity amplitudes.

1.0 2

Altmannshofer, Niehoff, Stangl & Straub, 1703.09 189

0.5 1

/
/
/
/
] /
/
/
/
0.0 py;
/
0 /
7/
7/
/
k

—0.5 1

[ =y
Zo —1.0 QO -1
<
~1.5 -
—2 .
y ——— NP-like
—2.0 - il —— 0.04-2.5 GeV?
3 7 —— 2.00-4.3 GeV?
—2.5 4 P —— 4.00-6.0 GeV?
g —— 6.00-8.7 GeV?
_3.0 1 1 1 1 _4: 1 1 1 I 1
0 2 4 6 8 4 ~3 —9 —1 0 1 9
0
q° [GeV2] ACy

® compatible with a flat g2 dependence.

® consistent with a universal effect in different polarizations.

® but cannot exclude a possibility of large hadronic effects.
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NP or hadronic effects?

® Hadronic contributions have been taken as fitting

parameters: Ciuchini et al., | 704.05447
™ L
fl, | _
ﬂ ’
S &
c @ e
al _ Al
P I A TN Pl A v
CP Coye
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C9 vs. C10 and electron vs. muon

_ /L /e
Q495 T P4,5 o P4,5 I
Q4 Qs

0.20 - — SM — SM
' — Ch=-16 Chl=-1.6
015_ —— Cg :+1.6 0.4- ——— Cg :+1.6
— Cfy=+13 — Cfy=+13
0.10 —_—— 7y =-13 0.3 1 —_—— Oy =-13
005 e O = (% =07 o 027 ——- C5=-Cf =07
000 LT—F SN ——— 014 | \
- —r———
—0.05 - 001 NI == = e
—0.1 1
—0.10 1
0.0 2.5 5.0 75 10.0 125 150 175 0.0 2.5 5.0 75 100 125 150 175
¢ [GeV?] ¢ [GeV?]

® Q45 will be very powerful tools to lift degeneracies
in the fits.
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Further observables

Value of Observable

0.4+

o
o

0.3
0.2

0.1F

GeV?

0.045,1.1] GeV?

1.1,6.0]

I
Y

|
JHI

Value of Observable

Qi — Pf,;M_P@'e

Ql Q2 Q4 Q5 Bs Bes Ql Qz Q4 Q5

» Scenario 1:
» Scenario 2:
» Scenario 3:
» Scenario 4:

» Scenario 5:
fit (Table IIT).
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[0.045,1.1] GeV? [1.1,6.0] GeV? Low Recoil

1.0—I H = O |

Ut

0.8_—
||
ol 1

I
I
I
I
I
I
I
o
I
I
I
I
L

0.6 -

Re Re Fo Re Re Ro R R R
Co, = —1.1,
Co, = —Chy,, = —0.61,
Co, = —Cy, = —1.01,
Cy, = —3Cq, = —1.06,

The best fit point in the six-dimensional
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SMEFT

® Experimental data suggest that the NP scale is well

above the EVV scale.

® Consider an EFT built exclusively from the SM fields
with the SM gauge symmetries. SU(3). x SU(2)r x U(1)y

1
LIMEFT D 2 ZCka -
k

T vl ~ ~ ~
Cé\IaP — WP{ [Cé;)}aaQB + [Cfg2>}aa23 + [qu} 23aa} 2
T vl ~ ~ ~
CFOE — _a)\fb ﬁ{ [Cé;)]aa23 + [Cfgg)}acﬂ?) B [qu]QBaa} )
=T e é
C9a — Wﬁ [ Ed] aa23 + [ ed} aa23 [’
Clow = =216 . —[C] .
10a — Oé)\fb A2 ld] 4423 ed| 4a23 )

SMEFT operator

Qb ooz
Q43 Jaa2s
[Qgel23aa
(Qed]aa2s
[Qealaa2s

[Cgﬁu]aaBS

[Qeelaa

Celis, Fuentes-Martin,Vicente & Virto, 1 704.05672
44/46

[Cgeu]aa33

Definition Matching Order
(Ea’yuea) (427" qs3) Og,10 Tree
(bavpum'la) (@27"7"q3) Q9,10 Tree
(G27193) (Eay"ea) Og,10 Tree
(Ea’mfa) (_27“d3) O9.10  Tree
(EaVu€a) (_z’y“d:),) Og.10 Tree
@Tzﬁugo> (Hav“éa) Og,10 1-loop
(@Ti%},{m) (Ecﬂ/“TIﬁa) Og,10 1-loop
(Caypla) (usy"us) Og.10 1-loop
(SOT”L(B)MP) (eav"eq) Og,10 1-loop
(EaVpea) (Usy"us) Og.10 1-loop
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SMEFT

(1’3) o . .
9 [Ceq } 2003 Play a crucial role in the explanation of the
anomalies
N\ A=30 Tev2 | ; ; ; | Celis, Fuentes-Martin,Vicente & Virto, 1 704.05672
i Rg [1,6]GeV™ | f | ] . .. .
AN S NS S 1 (see also Feruglio, Paradisi & Pattori, 1 705.00929)
—— R [0.045,1.1]GeVA._ | ; 7
1 Ry [1.1,6]GeV?
— ] s + Ry N /I ! SMEFT operator Definition Matching Order
% | ) -
.—N ' [Qéq)]aa23 (&u’)ﬂu&z) (_2’7’LLQ3) 09,10 Tree
== |
N —
g [Qéi)]aa23 (%%ﬂIﬁa) (6727“7'1%) 010 Tree
/- ] [Qqe]23aa (CYQ’YMCIS) (_a’YMGa) 09,10 Tree
) [Qed)aa23 (Za’yuﬁa) (_gfy“dg) Oé,lo Tree
7 [Qed]aaQB (éaf}/uea) (_27ud3) OS/),lO Tree
____ (NS S R Y . > _
2 -1 0 1 2 3 Q) laa 1D up) (lar"ta) O 1-loop
1 RN _
[Céq)]2223 [prgg)]aa (SOTZ D LQO) (EQ’YMTIEQ) 09,10 1_100p
_ . ]
FIG. 2. Constraints on the SMEFT Wilson coefficients Cé;) and (Qeulaass (Ea%‘ga) (@37 us) Og,10  1-loop
Cea with A = 30 TeV, assuming no NP in the electron modes. T _
The individual constraints from Rx and Rx~+ at the 3o level are [Qeelaa (90 v D MSO) (Eav"e€a) Q9,10  1-loop
represented by filled bands. The combined fit to Rx and R+ ~ _
is shown in blue (1,2 and 3 o contours). The result of a global [Qeulaass (€aypea) (U3 us) Q9,10 1-loop

fit with all b — s/~ data included in [7] is shown in a similar

way as red dashed contours. 45/46 Satoshi Mishima (KEK) @



3. Summary

® RK and RK* can be explained by lepton-specific NP
four-fermion contact interactions (5Prb)(£PL¥),

® Models with the RH quark current are disfavored, since
they cannot explain RK<I| and RK*<| simultaneously.

® LFUV and angular observables look consistent and favor
independently the same pattern of deviations from the

SM.

NP NP o
Colf =~ —1.2 CpP o~ —1.3

® Preferred hypotheses:

NP NP _ NP NP __ /NP
Cgu,a CQ[,L T ClOp,a CQu T CQp,

® Future precise measurements of Q4 and Q5 can help to
identify the chirality structure of the lepton currents.
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Backup
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" " " M. Ciuchini, M. Fedele, E. Franco, S.M. , A. Paul,
H ad rOn |C CO ntrl bUt|OnS L. Silxlllégtr’inn’i & MéVZIIG;, arx:\i7c50/2.07/57 -

® Hadronic contributions have been fitted from the data.

* (A o _
ha(g®) = 6”(2) / d e (K| T{jh, (@) Het (0)}]B)
me L AC(non pert.) 20
: ; = /(2C1)
RO N S X C N SR C)
A GeV2 A 1GeVE A
| Kh dJ mir T l 2010 | | | | Khod:jamir‘ialn eTI all. 2010I 5 | | | | Khod:jamir'iavn earl ali 2010'
¢ SM@HEPf‘r fu IIfT | i ¥ SM@HEPfit, full fit || 47’ 3 SM@HEPfit, full fit
o iqg —4m] | i ti =4m? | 5l 5(12 =4m? |
s < < | l
hHHHH ; MHHHHHHH MHHH}HHH
0 [GeVz/c ]6 7 8 0 [GeVZ/c ]6 7 8 O 1 2 q23[G2V2/24]6 7 8

The hadronic cont’s extracted from the data are
compatible with the LCSR estimate for ¢* < 1 GeV?
and seem to grow towards charm resonances.

® Not conclusive! Need more efforts!
See also 1701.08672, 1702.02234 Satoshi Mishima (KEK) @&y



