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ANOMALIES IN THE B SECTOR: Rk
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ANOMALIES IN THE B SECTOR: Rk

LHCDb, arXiv:1406.6482 hep-ex
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ANOMALIES IN THE B SECTOR:
SEMILEPTONIC DECAYS

b — s transitions

Decay obs. ¢ bin SM pred. measurement pull

BY — Kt~ Fr, 2,4.3]  0.814+0.02 0.26+£0.19 ATLAS +2.9
BY — K0t~ Fr, [4,6] 0.74+£0.04 0.614+0.06 LHCb +1.9
BY — K*0ut Ss [4,6] —0.33£0.03 —0.15£0.08 LHCb -2.2
BY — Kt~ P! [1.1,6) —0.44+£0.08 —0.05+0.11 LHCb -2.9
BY — Kt~ P! [4,6) —0.774+0.06 —0.30+£0.16 LHCb —2.8
B™ — K* ptp~ 107 G5 [4,6]  0.54+0.08  0.26+0.10 LHCb +2.1
B — KO%*p~  10° 95t [0.1,2]  2.714£050  1.26+0.56 LHCb  +1.9

B — K%tp~  10° 950 [16,23] 0.93+012  037+022  CDF  +2.2

By — ¢ptp~ 107 93 [1,6]  048+0.06 023£0.05 LHCb +3.1

Altmannshofer, Straub 1503.06199



ANOMALIES IN THE B SECTOR
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Standard Model:
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ANOMALIES IN THE B SECTOR

Vector currents
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ANOMALIES IN THE B SECTOR
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ANOMALIES IN THE B SECTOR

BT S Ktutum
| By —ptpT

1 Becirevic et al. 1608.07583

DHMV, 1510.04239

, ici Best fit 1o 3o Pullgys

C ) C j 0 / CcHF —0.02 [-0.04,—-0.00]  [-0.07,0.04] 1.1

—1.0- - cNP —1.11 [-1.32,-0.89] [-1.71,—0.40] 4.5
—2 5 2 0 —1 5 —1 O 1 cit? 0.58  [0.34,0.84] [—0.11, 1.41] 2.5
C9 ¥ 0.02  [-0.01,0.04] [—0.05, 0.09] 0.7

Cor 0.49  [0.21,0.77] [—0.33, 1.35] 1.8

oy —0.27 [-0.46,—0.08]  [—0.84,0.28] 1.4

cit =iy —0.21  [-0.40,0.00] [—0.74, 0.55] 1.0

c'’t = —Ccy —0.69 [-0.88,-0.51] [-1.27,-0.18] 4.1
. IS NP _ _ AoNP  _ . . . .
Cancels N RK P C; cl 1.09 [-1.28,-0.88] [-1.62,—0.42] 4.8
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ANOMALIES IN THE B SECTOR
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oy —0.27 [-0.46,—0.08]  [—0.84,0.28] 1.4
cit =iy —0.21  [-0.40,0.00] [—0.74, 0.55] 1.0

c'’t = —Ccy —0.69 [-0.88,-0.51] [-1.27,-0.18] 4.1
cP = —cy¥  —1.09 [-1.28,-0.88] [-1.62,—0.42] 4.8
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TWO MAIN (CANDIDATES

Vector Currents

Gauld, Goetz, Haisch, 1310.1082

Altmannshofer, Gori, Pospelov, Yavin, 1403.1269 S

Crivellin, D’Ambrosio, Heeck 1501.00993

many more!
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(3,3)a/3 Fajfer, Kosnik 1511.06024
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ANOMALIES IN THE B SECTOR: R(D*))
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ANOMALIES IN THE B SECTOR: R(D*))

3 DO rp -
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ANOMALIES IN THE B SECTOR: R(D*))

Measurement SM Prediction
R(D™)) = B— D™ty [0.388+0.047, D 0.300 +0.010, D
B — DX 10.321+0.021, D* 0.252 +0.005, D*

SM contribution is tree-level...

’ ’ VchQ o) :
- X .and we want a 10-20% shift
Nl M,

/-

Needs a large new physics contribution:

1 V2 1
Cnp ~Csp /10 = . (M) =10 = M =1—-2TeV



ANOMALIES IN THE B SECTOR: R(D*))
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New Leptoquark



ANOMALIES IN THE B SECTOR: R(D*))
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e Using H= 7 Vo, Oy, + e Z c" o Freytsis et al., 1506.08896
OV Csi
6 S
. b C
, H—I— .
0 V ’
-2 g_
—SAZI—ZGV -4 =2 2 4 —
Cs : Cs, = Q@GF Voympm., tan 52
M2,
Os, = (cPrb)(TPrv) —9/2G 1
— — CSL — 5 Veymem, 5
Os,. = (cPrb)(TPLV) Mz, . npS
New H ™ Hard to get two sizable coefficients
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ANOMALIES IN THE B SECTOR: R(D*))

% Z 07;(”’0 o@(””> Freytsis et al., 1506.08896
7
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good fit
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from LHC searches



ANOMALIES IN THE B SECTOR: R(D*))

. 4G
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"THE SITUATION

* Both anomalies in neutral and charged b -> 2nd
generation transition can be described by
leptoquark currents

 However, one needs leptoguarks with different
poroperties

b— s b— c
b H b 2
ilj I?;
ety Pttty

be = 35 TeV X VY9su9bu qu = 1TeV X \/gbz/gm'
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ONE |[EPTOQUARK

Add a single leptoquark ¢ ~ (3,1)_1/3

Lo = (Duo)' Dy — Mg 10 — gng |2°] 9]

+ QN irL ¢* + 1% Aer ¢* + h.c.

Rotation to mass eigenstates

Ly D U7 )\,566[/ O — CZ% )\CI{VVqu* + Up )\5663 ®* + h.c.

with VC(Z;KM A5€ — A(EI,J,/‘/PMNS



ONE |[EPTOQUARK

Add a single leptoquark ¢ ~ (3,1)_1/3

LoD UE A ep ¢* —ds Aj vpo* + 1% N,er ¢* + h.c.

Wlth O © o
Aue = VéKM)\c]?yVPMNS ~[+ @ o
UV Motivation: ¢ o o

W = \; LQD



ONE |[EPTOQUARK
Lo U5 A ep ¢t —ds N vrd™ + a4 A er ¢ + hac.

at tree level gives rise to

up-quark - down-quark -
charged lepton neutrino
couplings couplings

b . v b . 1



ONE [EPTOQUARK: R(D™))
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ONE [EPTOQUARK: R(D™))
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ONE [EPTOQUARK: B — K"y

I E
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ONE |[EPTOQUARK

Lo U A er ¢* —ds A vro* + 1% A er ¢* + h.c.

at 1-loop gives rise to

e Ry, B, — By, mixing, B, — pu pu™
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ONE [EPTOQUARK: Ry
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ONE [EPTOQUARK: Ry

v w S § ———--- ? ....... —_—
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1% t 1Y t
e —
Cu(cb) _ m% |)\L 2 1 V2 ()\LALT)bs ()\LT)\L)
LL 87’(‘0&M£ tu 6471 GFMQ% Vin Vi o’

2 M2 )\L)\LT
CN(Qb) _ my })\R 2 lln @ f(xt)] 1 \/5 ( )bs ()\RT)\R)

LR 16maM? 64 GpM2 Vu s

he W — ¢ box contributions have the wrong sign, but
they are chirally suppressed and inherit a partial GIM-
suppression. Penguins cancel!



ONE [EPTOQUARK: Ry

Y
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| o T )\L)\LT) 12 %,
C(¢) 2Z¢(B¢S) —1 1 myy, ( bs
B ¢ T g So(w) M2 | ViV A
) ¢
(Bs| Het' | Bs)
with Cp, 9% = M E
CBS = 1.052 +0.084 and ¢BS — (0.72 T 2.06)0
(. o 1 (. | T
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ONE [EPTOQUARK: 09z,

* One-loop Corrections to
/ couplings %Z
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ONE [EPTOQUARK: (g —2),

. , p . ~ H
* One-loop Contribution to ey M
g-2 %
m,my M2 7 % m;
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Aa, = (287 +80) x 10~ \ 37 x 107

...wrong sign, but small
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ONE [EPTOQUARK: 7 — 1y

t
T “ " M
[N "

o
Leg = Crrpr o™ 7R+ Crr g 0 FPY 7L %7

BR(T — puy) < 4.4-107% at 90% CL

5 1/2 M2
[ ac NEALY +20.Tay AEAGT — 0.015(ATAY) 2| + (L R)] < 0.017 = \‘?2 .
c

N

( = MM AP <6 x 1077

With these values, BR(h — ut) ~ 1077,
The central value of the CMS measurement is 0.84%.



ONE |[EPTOQUARK

Ry, = Re




ONE JEPTOQUARK: FULL [JISCLOSURE

B — Dup
Potentially problematic: the ratio  RlY/® = =
otentially problematic: the ratio f B Ded

Not measured, but unlikely to be large from PDG
combination of B data to extract Vcb
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Becirevic et al. 1608.07583



ONE |[EPTOQUARK TO RULE [HEM ALL:
(CONCLUSIONS

* An extension of the SM with a single leptoquark
¢~ (3,1)_1/3 canexplain Ry, R(D™)and (g —2),
assuming order one generation- diagonal and

suppressed oft-diagonal couplings

* Correlated effects in R..,Bs — Bs mixing unavoidable

e / boson coupling modifications can be probed at TLEP

* UV motivation: R-parity violating SUSY with a split
spectrum and TeV scale right-handed sbottoms



ANCIENT JIMES
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ONE JEPTOQUARK: D" — putpu~
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(COLLIDER BOUNDS
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NEUTRINO (COUPLINGS

Ly = (Du¢)'Dyud — M 6> — gne |)7|6)°

+ QN L O" 4+ up Aer ®* + h.c.
)\’lll,le — U’I}‘LUev )‘gl/ — U(er)\LUV 9 )\5@ — VuT)\RVe 9
L * T
_..,ﬁﬁs; = Vokm

™~

Diagonal

N




