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UPSHOT

e h—sll flavor anomaly
® theoretically clean, ~40 excess
® does it make sense?

® reasonable scale for NP models™

*mostly face the I. I. Rabi's, "Who ordered that?", muon question
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EXPERIMENTAL SITUATION

e at present two significant anomalies in B physics
e b—ctv : excess of more than 40
® no easy model building

, GrVis Vi Cornor 517" br B )el
e ph—sl] : focus of this talk s g 000 ’?\ .

bL SL
\ ¢

e in the SM b—see the same as b—sup
e Lepton Flavor Universality in the SM
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b—sll : EXPERIMENT

Br(B — Kpupu)
Br(B — Kee)

BR(B — K*utu™)
BR(B — K*ete™) |

e three clean observables: Rxkand Rx*  two bins>

Ry =

Rk~ =

|
|
[1,6]GeV?2

® 2.60 anomaly in Rk

Bordone, Isidori, Pattori, 1605.07633 ——LHCb —e=-BaBar ——Belle

svi: R = 1.00 +0.01~_ <

71 rrrrrrrrr
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b—sll : EXPERIMENT

e 2 bins in R+ -‘

Br[1077]
BR(B — K*u*u~) |

fe = BR(B — K*ete™)

e 2.2-2.50 deviation in each
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‘H}_j I | 1 | experiment: 1HCb, 1705.05802 (3.0 fb-! @7+8TeV)
0.6 F ® LHCb 0110
4 L BIP . RK*[O 045, 1.1] GeV2 — 0.660 —0.070 + 0024,
0. N v CDHMV ]
i B EOS i +0.113
0.2 ¢ flav.io ] | Ry > = (.685 + 0.047
" LHCb o 10 g K~*[1.1, 6] GeV —0.069 :
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LHCb, 1705.05802 q° [GeV®/cf] 2017 CERN-CKC workshop, Jeju, Jun 2 2017




WHAT DO WE LEARN?

see, e.g., Alonso, Grinstein, Martin Camalich, 1407.7044

* Rgcan only be explained by NP in

/ Oem ,_ - Kem
O = 2 (s Py ayh) (), O = ™ (594 Py ) (B0

® scalar currents constrained by Bs—lI

* Ry and R~ different parity, complementary info, e.g. for central bin

Re CBSM Re CBSM
b b
Rg ~1+2 C“R(“ e | Ry« ~ Rg — 4p Alie)r
brir CYbL/»LL
® NP can be either in muons or electrons see, e.g., D'Amico et al., 1704.05438

e in both cases (5b); ok
e for electrons also (5b)y(¢e); possible (from quadratic dep.)

e combined signif. from "clean" observables >4¢
Altmannshofer, Stangl, Straub, 1704.05435; D' Amico, Nardecchia, Panci, Sannino, Strumia, Torre, Urbano, 1704.05438;
Capdevila, Crivellin, Descotes-Genon, Matias, Virto, 1704.05340; Hiller, Nisandzic, 1704.05444;
Geng, Grinstein, Jager, Martin Camalich, Ren, Shi, 1704.05446; Chobanova, Hurth, Mahmoudi, Neshatpour, Santos, 1705.10730
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New physics in 4 New physics in ¢
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e NP can be either in muons or electrons see, e.g., D'Amico et al., 1704.05438

e in both cases (5b); ok
e for electrons also (5b)i(ée); possible (from quadratic dep.)

e combined signif. from "clean" observables >40
Altmannshofer, Stangl, Straub, 1704.05435; D' Amico, Nardecchia, Panci, Sannino, Strumia, Torre, Urbano, 1704.05438;
Capdevila, Crivellin, Descotes-Genon, Matias, Virto, 1704.05340; Hiller, Nisandzic, 1704.05444;
Geng, Grinstein, Jager, Martin Camalich, Ren, Shi, 1704.05446; Chobanova, Hurth, Mahmoudi, Neshatpour, Santos, 1705.10730
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GLOBAL FITS

Em]LCSR Lattice —e-Data

IS s S S s S B B R

e in principle much more info r S
5 < LHCb ]
% ~ ]
® Br(B— K ’up), Br(Bs—¢pup), x af ;
Br(B—X uu) = of o+ :
S E E
. 0 *0 e B b
e angular obs.in B" — K N , , , |
5 i © % TS 015 "202"
Bs—ouu LHCb, 1403.8044 q* [GeV*/c]
e these are "dirty" observables ~ . LHCbdua o ATLASdwa | D
= Belle data CMS data A
. : 057 [ SM from DHMV ] )
® require form factors predict. =8 DAsvomasze | =
(QCD sum rules), charm 135S —- £
i i Jp)
loops, nonfactor. contribs. —05F _]L l T
e prefer NP in muons e N
« JHEP 02 (2016) w: " T.T)A?Lr:):-l(?(;f\‘r-:ul7-023 q* [GeV/ct]
*+ PRL 118 (2017) CMS-PAS-BPH-15-008

]' Zupan On LFU VIOIatlon | Simone Bifani, seminar at CERN (overlaid predictions from SJ&Martin Camalich 2014)




GLOBAI

* in principle much more info

 Br(B — K" uu), Br(B~puu),
Br(B—X uu)

e angular obs. in B’ — K" uy,
Bs—puu

e these are "dirty" observables

® require form factors predict.
(QCD sum rules), charm
loops, nonfactor. contribs.

e prefer NP in muons

J. Zupan On LFU violation

Re CY,

LFU observables
b — sup global fit

— all
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Simone Bifani, seminar at CERN (overlaid predictions from SJ&Martin Camalich 2014)




WHAT KIND OF NP?

e from now on will assume that NP in b—suu

e what is the NP scale?

e the Wilson coeffs. in previous slides

Vo Kom C'r e CNP~O(1)
’ (36 TeV)2 *

¢
* A2

Cr =

e types of NP
e tree level (heavy or light)

® loop level
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TREE

e two distinct types:
e mediated by a Z’

® SU(2).singlet
or triplet

Altmannshofer, Straub, 1308.1501;
Altmannshofer, Gori, Pospelov, Yavin, 1403.1269;
Greljo, Isidori, Marzocca, 1506.01705;

. . . +many refs.
J. Zupan On LFU violation

LEVEL

e leptoquark

® spin 0 or 1

N~
N

see, e.g., Hiller, Nisandzic, 1704.05444;

Hiller, Schmaltz, 1411.4773; +many refs
2017 CERN-CKC workshop, Jeju, Jun 2 2017




GENERAL CONSIDERTATIONS
ABOUT /'

Altmannshofer, Straub, 1308.1501; 1411.3161
* nontrivial constraint from B; mixing by by

Gosz' . U.01
Mz = 2 5 ey

compare: Vi=0.04
* bounds from ATLAS, CMS from pp—Z’'—uu

95% CL limits on MFV Z' frompp - u* yu~

SL SL

e e.g, for MFV ansatz I
1.4F ATLAS 13 TeV, 36.1 fb~!

Greljo, Marzocca, 1704.09015
1.2}
L : : :
oy ~ (14 0¥y + BYY, ) ) Lo}
%% 0.8}
J 1) ij L L 0'6;-
n— (QZYI-LQ]) ( kY# l) 0.4

0.2f- :

rleljo, Mar;occa, 1794.09015 ]

2000 4000 6000 8000 10000
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FOOP LEVEL

e three distinct options

e Z'w/ loop  Z'w/loop @ boxw/ NP
to bs to uu fields

14
bx b / by, 1T
0 L
SL// H SL \ ST 0
| [

Kamenik, Soreq, JZ, 1704.06005 Bélanger, Delaunay, 1603.03333 ~ Gripaios, Nardecchia, Renner, 1509.05020;
Bauer, Neubert, 1511.01900;

Becirevic, Sumensari, 1704.05835
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FOOP LEVEL

e three distinct options

e Z'w/ loop  Z'w/loop @ boxw/ NP
BF to uu fields

14
b
br / L Iz
SL \ ST, M
M |

Bélanger, Delaunay, 1603.03333 Gripaios, Nardecchia, Renner, 1509.05020;
Bauer, Neubert, 1511.01900;
Becirevic, Sumensari, 1704.05835
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TOP-PHILIC Z'

; : Kamenik, Soreq, JZ, 1704.06005
e where is the flavor structure coming from?

e why the (5b)y.,4 chiral structure?

e automatic for top-philicZ' g — l
Z
® h—s due to SM 14
W in the loop i t 0

® avoids contraints from dimuon

(3,1) T t
o, ~ O+ vy, +BYde)lJ

resonance searches

® MFV structure: all FV due to CKM

cf. NA62 reach:
e there is a correlated signal in K—mvv 10% of the SM

|
1 2
B(K" = mvw) = (844 1.0) x 107 x 53 ‘1 +0.11(CENP CbeP)’ k
: ‘ o

j\ see also Bordone, Buttazzo, Isidori, Monnard, 1705.10729
lation 12 2017 CERN-CKC workshop, Jeju, Jun 2 2017
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MINIMAL U(l)) MODEL

K ik, S , JZ, 1704.06005
e new U(1) gauge symmetry e

e scalar ©~(1,1,0,9°) ® = (¢+7)/V2
e vectorlike fermion T'~(3, 1, 2/3, q'%, SUG RSU w1 wlI(1)
e all the SM fields singlets under U(1)’

e interactions with the SM through only three terms

Lmix = —N|®|°|H|? —eB*" F},, — (ypT'®uz +h.c.)

® assume alignment with the SM up Yukawa

yY ~ diag(0,0,y;) yh ~ (0,0, yk)
e for us the interesting limit |y | »A’¢
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SIZE OF b—suu

t—T mass matrix

Mt—T’ _ (

yv/vV2 0
yp0/V2 My

the mixing angles for the two chiralities

Or ~ yyv/Mr

e main effects due to mixing with #5

the induced b—sll

2
Cu,NP L L,, my g
9,10 2

~2

= —q'q —L 2 5% log m_%

i
d t
14
| . t
| @/
& Loz
| W
|
: T
dJ
di
| Z/
9L ~ QRU/MT W
y f
&’
d’ i

+ & g

&

e fits the anomaly for m,~O(500 GeV), g3'~O(1)

couplings to muons due to mixing with vectorlike leptons

® depending on the details could explain (g-2),

J. Zupan On LFU violation
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Kamenik, Soreq, JZ, 1704.06005

DIRECT SEARCHES
g% t \N\E\PZ/ g . VA

t t T T

important contraints from
dimuon searches g g g g

production channels: g W \N‘NZ g t
® tree level pp—ttZ’, g t 7
t
t

® 1-loop: pp—Z27Z°,;Z’

mT:5mZ" SR:0.3, Q'ﬂ,V:_Q'ﬂ,AZQ' |

depends on Br(Z'—puu) 2.5 | T A
® e.g. below ft threshold: 20!
® coupling to y;, = Br(Z'—uu)=0.5 _ 15;.
® coupling to u;,7; = Br(Z'—uu)=0.25 5 1.0;
interesting possible searches at CMS, ATLAS: 0. 5
® pp—ti(Z' —uy), t(Z'—17), H(Z'—tt) ool

200 400 600 800 1000
J. Zupan On LFU violation 15 201 my[GeV]




CONCLUSIONS

e LFU violation anomaly in b—sll stands at
present at ~4o0

e reasonable NP models can explain it

® showed a top-philic Z’ as a
representative of a new class of NP
models
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BACKUP SLIDES




b—ctv

A 0.5 N ] ] L) ] l ] ] ] L) I L) ] ] ] I ] L]
* [ = BaBar, PRL109,101802(2012) 5 ]
a) - — Belle, PRD92,072014(2015) Ax*=10 -
oz 045 LHCb, PRL115,111803(2015) -
- Belle, arXiv:1603.06711 -
- -~ HFAG Average, P(x?) = 67% -
04 [~ = SM prediction =
035~ ]
03= =
0.25 =
R(D), PRD92,054510(2015)
R(D*), PRD85,094025(2012)
O.% L 1 L L l 1 L 1 L I 1 1 L 1
2 03 04
R(D) R(D™)
BaBar 0.440 + 0.058 + 0.042 0.332 + 0.024 + 0.018 -
Belle 0.37570:96%2 +£0.026  0.29370052 4 0.015
LHCb 0.336 + 0.027 4 0.030
Exp. average 0.388 + 0.047 0.321 + 0.021
SM expectation 0.300 £ 0.010 0.252 £ 0.005
Belle II, 50 ab ™" +0.010 +0.005
J. Zupan Onl

vorkshop, Jeju, Jun 2 2017






LOW Q2 BIN

D'Amico et al., 1704.05438
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e Rk vs. Rk selects only three lept

LEPTOQUARKS

® scalar S; and vectors

J. Zupa

label representation Wilson coefficient Relation

RK(*)

So (3,2,1/6) CrrL Chy=—Clo Rk <1, Rg+ > 1
S (3,3,1/3) CYE Co=—-C10o Rix ~ Ry~ < 1.
Sa (3,2,7/6) CLr Co=Ci0o Rk ~Rg+~1
Sy (3,1,4/3) CRrr Co=Clo Rix~Rg~~1
label representation Wilson coefficient Relation R+
Vi (3,1,2/3) CYY Co=—Ci0o Rx~Rkg+<1
CLr Co=+C10o Rrx ~ Rg+~1
Va (3,2,-5/6) CRrL Cy=—-Clg Rk <1, Rx» > 1
CRrr Cy=+Clo Rk ~ Rg+~1
V3 (3,3,—2/3) CYE Co=—Cio Rx ~ Rk+<1

Hiller, Nisandgic, 1704.05444

oquarks

’eju, Jun 2 2017




