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B anomaly of b — sy pu™

Measurements



[1] Angular distribution of I'(B — [K* — KrwluTpu™)
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* Lepton Flavour Universality test

 SM prediction is very accurate ~ 1

* LHCb measurement in [1 - 6] GeV*2 bin
LHCb : PRL 113, 151601 (2014)

BaBar : PRD 86, 032012 (2012)
2 . 6 O Belle : PRL 103, 1'71801 (2009)
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* Very recent measurement

LHCb : JHEP 08, 055 (2017)
BaBar : PRD 86, 032012 (2012)
Belle : PRL 103, 171801 (2009)
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B anomaly of b — sy pu™

NP solutions



Global fit to all available data for

OéGF
\/571'

Hg;fp = — ‘/tbv;;.; Z C’},\IP O; (NP contributions)

suggests three solutions within a single NP source

(o) O e Bibllnynl — — €570

(b) : O =[5y, Pob|[py*Prp] = Cy'F = —CIy <0

(c) : O = [57,7°b][avy" ]

B. Capdevila et al. [1'704.05340]
D. Straub et al. [1704.05435]

General consensus:
G. D’Amicoetal. [1704.05438]

= 4-60 disagreement with SM,
G. Hiller et al. [1704.05444] : ? -
L. S. Geng et al. [1704.05446] even taking theoretical hadronic
M. Ciuchinietal. [1704.05447] uncertainties into account

A. Celis et al. [1704.05672]



Three solutions
Ashutosh et al., arXiv: 1'704.0739%7

Scenario Fit result “Pull”

NP
(a) C} ~1.254+0.19 5.9

(b) C2 — —C;-  — 068012 50

() =—c’ 111X 017r 56

Implication : Pull = \/ng R

NP can improve fit at ~ 60
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Measurements



1 1

05 ——— BaBar, PRL109,101802(2012) )

——— Belle, PRD92,072014(2015) Ay =1.0 contours

LHCb, PRL115,111803(2015) .
0.45 —— Belle, PRD94,072007(2016) e=== SM Predictions

——— Belle, PRL118.211801(2017) R(D)=0.300(8) HPQCD (2015)

——— LHCb, EPCP2017 R(D)=0.299(11) ENAL/MILC (2015)
04 [ Average R(D*)=0.252(3) S. Fajfer et al. (2012)
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BaBar : PRL 109, 101802 (2012), PRD 88, 072012 (2013)
Belle : PRD 92, 072014 (2015), PRD 94, 072007 (2016), arXiv 1608.06391
LHCb : PRL 115, 111803 (2015), arXiv 1'708.08856
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NP solutions



Possible explanation

EeNﬂP-) = —2\/§GFVcb CNPONP

NP contributions that reproduce the central value
Oy, = (ev"Prb)(Fvy,Prv) Cy, ~0.13

Ov, = (ev"Prb)(7v,Prv) Cy, ~ 0.532

De i — (EPLb)('T'PLI/) Cs, ~ —1.6
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Combined Explanations
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NP models :

b

7 put

1)

Vector Boson type

U, T

S

LeptoQuark type




General setup

: Ao spin SU(3). SU2)r U(1l)y

Start with mass basis : UF 1 : 7 1/3

g h?,;}l(q’LLWEJ’L)U{”‘maSS + h.c.

4= ((P), a- (2

= d’ L 7 e,
LQ couplings :
0 0 0 quark W lepton
hUl =10 h22 h23 i

O ‘hs  his hgr,



All 2q2/¢ processes for 2&3 generations are affected

Neutral process :

d 14 u v
Ul 14 U1 Y
d U

Charged process :

d 14

U1 4



Related to B anomalies :

I'(B— Kptp™) | hs2ha2 + SM ‘2

I'(B — Dti;)

I'(B — DT1i,)

I'(B — Duw,)

['(B — Duir;)
Addition :

RB—)D* s,

I'(B — D*uv)

h3shagVes + hashss Ve + SM ‘2
h3sha2Ves + hashszaVep ’2
h3aha2Ves + haahsza Ve + SM ‘2

2
hszh23Ves + haahazVes |

1.00 £ 0.05 PDG

Bles =2 P(B - Drep) .



Trivial thing :

I'(B— Kptp~) o« | hgaha + SM ‘2

F(B s DTI?T) X h33h23Vcs —+ h33h33Vcb -+ SM ‘2

two independent products of the LQ couplings

0.10F

0.08L

0.06}

h32

0.041

0.02}




Single couplings :
L(Y — 7F77) = |Fg, (|has|?/mi;, ) + Fgy(o/m%)
D(Y — ptp™) = |Fy, (|hs2|?/mi; ) + Fgy(a/m%)

T(¢p — ptp™) = |FS (|ha2)?/m3)) + Fu(a/m3)

- ho3 cannot be singled out

- Large EM effect, hence loose constraints
h33, h32, h22 5 40 (mUl —= TeV)

not useful to make sure the B anomalies...




LFV :

6 independent products

h32h229 h33h237 h33h229 h32h237 h33h329 h23h22

B anomalies Lepton Flavor Violation
B(Y — 7*uTF) o |hsghsa|”  limit : <6 x 107°
B(B —» K7~ pt) o« |hsshaz|”  limit : < 4.5 x 1075
B(B — Kttp™) o« |hgzhas|”  limit : < 2.8 x 1073

B(T:I: — qb/,l,:t) X ‘h23h22|2 limit : < 8.4 X 108



Ax? =1 (solld), 4 (dashed)

0.10 T, 3
0.08}:" .' 4l
006_ 09(;,05 ~0.04 —0.03 —002 -001 0.0 ' 3'

h32 0:008 h23 I
004 - 0.006 7] 2 -

| = 0004 -

[ 0002 ,' ,' 7 1 L

n / 1 . =

! ] ol
0.0
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Future LFV

Present data :

h33 4 h23 5 2, —h22 SJ 0. 8 h32 SJ 0.4
With future LFV bound : *
h33 2, h23§02 —h22§002 h32§04

Consistency with the B anomalies :

Red dots: present data (Ay” = 1) Blue dots: present data (Ay> = 1) + future LFV
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Future LFV

Present data :

hss 5S4, has S 2, —h22 S5 0.8, h3x 504

~ ~
With future LFV bound : *
h33 ,S 2 ’ h23 Sj 0.2 ’ _h22 SJ 0.02 J h32 SJ 0.4
Consistency with the B anomalies :
Red dots: present data (Ay” = 1) Blue dots: present data (Ay” = 1) + future LEV
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Even if LFVs are not observed,
the B anomaly explanation does work




[Summary so far]

U1 Leptoquark model

1] (=t ' . t)? : i
‘CUl 7 hl}l (qL'yMﬁ%})U{L‘ + h.c. q;, = <(Vdi ) )L , Ly = ( i>L

mass

0 0 0
hy, =10 ha2 hos
0 hs32 hss

B anomalies : (mostly) independent couplings
I'(B— Kptp™) o ' hs2h22 + SM ‘2
I'(B — D7,) | haghasVes + hsshssVey + SM |
Taking all available present data :

h33§47 h23§27 _h22§0°87 h32§0°4



[Summary so far]

What can we do?

This conclusion could be negative since we have

nothing to make predictions to probe B anomalies.

 Direct LQ searches

* Discovery of LFV

. lll?






Example :

U1 LQ with minimum setup

Ly, = hP (@iv.41)UL + h.c.

.
e ( 02 —
L b - L T 2

Flavour mixing

€r, 1 0
153 = |0 cos0Of
TL L 0 —sinHL
dy, 1 0

SL, =10 cosfOp
by, 0 —sinfp

spin SU3). SU(2)r UQ1)y
o 3 1 4/3
0 er,
sin HL KL
cos 07, Lo
0 dr,
sin HD SL
cosO0p by,

mass



Mixing structure correlates different processes

-+ ...

7

Anomalous B observables :
* Central values cannot be reproduced
* h/M does not help to improve the fit

=» Minimal setup does not work well

* Implication
- R ;) should be very close

to the SM value




Loop process

* Highly depends on UV setup

* With hard cut-off, some constraints could be evaluated
Isidori et al.,, arXiv:1706.07808
significant : 7 — 3u, 09z, ogw
h:; = guBi; (gu = hss), A =2TeV (cut-off)

(hes) S @@y Voo 1Q (h32)04: R
af 1
f 0.2}
3t _
> o £ 00f
S [
I —02}
0 _ No radiative constraints_:
[ —04}
—1- ,,,,,,,,,,,,, R 4
000 002 004 00 0.08 0.1 e -2 0 2 4

Cy (h33) lgsu/Vcb (h22)



(For comparison)




All relevant observables

Meson LFUV LFV Invisible
T(1S) R, /¢ =1.005+0.026, R,/ =1.04+0.05 B =2 160- <400 B B
T(29) R =1.04 % 0.06,/ R, /o = LOTEDT2 B2 BB [no datal
T (35) Ror=E065E0.002 R /o — 1100043 B =085 20 S [no datal
P(19) [Ry./e = 0.998 + 0.008] [BL 2056103 B (0. 2L L0 Y107
¥(28) [R-/¢=0.39+0.05, R,/ =1.00%0.12] [no data] B,y =(5:6£6.2)x 102
o) R, = 0.971 £ 0.065 By e RA AT S [no data]
B. — J/1 Rz = 0ifil=0.25 - -
T Brr = (0.944+2.87) x 1073 no data —~
Bs — ¢ no data no data [BW < 5.4 x 10_3]
B—D  R.,=0407+0.046, R,/ =0.995+0.045 - =
B—D* R, =0304+0.015 R,/ =1.00+0.05 - -
B K Bii = (131 £ 0:70) %103 B = (D8 s 10058 2 = e A ) =2 [Bop il tAeE 2
B — K* no data no data [BW < 4.0 x 10_5]
D R =013 - -
D—> K R, /. = 0.969 £ 0.024 - -
b — spp ClsMt — _0.64 £ 0.16 with x2, = 6.8




Leptoquark models

Cio— hy (G, ) h.c. Singlet Vector LQ
Ly, = hu, (Giv.0' 0 )U; * + h.c.  Triplet Vector LQ

Ls, = hg, (CY%O'IZszzg)Sé + h.c.  Triplet Scalar LQ



Direct search

bb — 7-"‘7-_ Isidori et al.,, arXiv:1706.07808
3.0F [1609.07138] 4
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