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SENSITIVITY TO NEW

PHYSICS
e SM@tree level: no Flavor Changing Neutral Currents

® all FCNC processes loop suppressed
® e.g., meson mixing
e can be modified by NP
e NP contribs.

scale as
sin @; sin 6 ;
SCNP ’ 5 J
MNP b b b X >
X
* depends on B v v
mix. angles o
S S S X b

and NP masses
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LOW ENERGY PRECISION
BOUNDS

UTFit 0707.0636, 1411.7233
for latest charm see also Bazavov et al, 1706.04622
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PRESENT EXPERIMENTAL
SITUATION

 many different transitions measured scealso talks by Greig Cowan;
Monica Pepe Altarelli

e two quark level transitions show
~4¢ deviations from the SM*

1 _
LsMEFT 3 IV QZVMUAQJ) (LkWUALl)
ngLkl

c; ;0 — CTUV b — sput

ANP ~ 3 TeV ANP ~ 30 TeV

* there are other interesting deviations, e.g., ~30 deviation in €'/ ¢, see, e.g., Buras et al, 1507.06345; RBC-UKQCD, 1502.00263
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b—suu




UPSHOT

e b—sll flavor anomaly
® theoretically clean, ~40 excess

® does it make sense from NP
perspective?

® reasonable scale for NP models®

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

e h—sll: generated at 1-loop in the SM

a —
GrVi Vi E09(10)§L7%L by (5)L
T

~SM SM
Co" ~ —Cfy

® in the SM b—see the same as b—su
® Lepton Flavor Universality in the SM
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b—sll : EXPERIMENT

e three clean observables: Rx and R+ two bins <
Br(B — Kupu) BR(B — K*utp™) >
RK = RK* — |
Br(B — Kee) |y ggev? BR(B — K*ete™) |

® 2.60 anomaly in Rg

Bordone, Isidori, Pattori, 1605.07633 —LHCb —e—BaBar —Belle
sv: Ry = 1.00 + 0.01+ N ooy
exp: Ry = 0.745 + 0.082
%
LHCb,1406.6482 (3.0 fb! @7+8TeV) % SM
) P S S P T
0 5 10 15 20
g [GeV?/c4
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b—sll : EXPERIMENT

¢ 2 bins in R+ ,

Br[1077]
BR(B — K*'u"p™) |

fre = BR(B — K*ete™)

e 2.2-2.50 deviation in each
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WHAT DO WE LEARN?

see, e.g., Alonso, Grinstein, Martin Camalich, 1407.7044
® Rycan only be explained by NP in

Aem , _ - &em
0y = (57" Pumb) (Buat), . 05" = 7 (57" Puyd) (Byust)

e scalar currents constrained by Bs—ll

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

Re CBSM Re CBSM
RK ~ 1 —l— 2 5+R(M e)L RK* S RK — 4p CbR = e)
bLiL brpr

e NP can be either in muons or electrons see, e.g, DAmicoetal it

e in both cases (sb); ok
e for electrons also (5b)g(ée)y 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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e NP can be either in muons or electrons see, e.g., D'Amico et al. iU R,

e in both cases (5b); ok
e for electrons also (3b)y(ée)y 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

BN .CSR Lattice —e-Data

e in principle much more info % B+—>1€£g;_ ;
e Br(B— K" uu), Br(B.~¢uw), < :
Br(B—X,uu) = oF “+
S 0 S F
e angular obs.in B- — K "uy, g b
0 5 10 20
Bs—opuu LHCb, 1403.8044 ¢* [GeV/c']

e sensitive to hadronic inputs L7 A R
= Belle data CMS data E (?'
® require form factors predict. 050 + DSM from DHMV ] §
C 7] SM from ASZB ]
(QCD sum rules), charm of H 5
loops, nonfactor. contribs. L 1 o3
SE 0
e prefer NP in muons b RS
0 5 _ | 1'5 -
« JHEP 02 (2016) 120.3 e f.i;;Lff;);ljt?(\);'Ffzo177023 q : [GeVz/ ('4]
« PRL 118 (2017) CMS-PAS-BPH-15-008
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GLOBAI

* in principle much more info

e Br(B— K" uu), Br(B.~¢uw),
Br(B—X,uu)

e angular obs. in B’ — K*Oy‘u,
Bi—up
e sensitive to hadronic inputs

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

e prefer NP in muons

J. Zupan Flavor constraints on NP 1
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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
C, /g G C/NP~O(1)

(36 TeV)?

em
Vin Vi

' fmro?

Cr =

e types of NP
e tree level (heavy or light)
® loop level
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TREE LEVEL

e two distinct types:

e mediatedbyaZzZ’ leptoquark
® SU(2).singlet ® spin 0 or 1

or triplet
b\//”
& /M/
/L u\
S/ \\“
Altmannshofer, Straub, 1308.1501;

Altmannshofer, Gori, Pospelov, Yavin, 1403.1269;

Greljo, Isidori, Marzocca, 1506.01705; see, e.g., Hiller, Nisandzic, 1704.05444;
+many refs. Hiller, Schmaltz, 1411.4773; +many refs
J. Zupan Flavor constraints on NP 128 Lepton Photon, Guangzhou, Aug 8 2017




LEPTOQUARKS

Hiller, Nisandzic, 1704.05444

e 3 options if a single LQ dominates

SU(3)exSU2)xU(1 )y
OI label represe) jon Wilson coefficient Relation Ry 5
] S, (3,2, 1/6) CRir _ Co = —C1y Rk <1, Rgx >1
= S — ——
c W Cg=—-—Ci0o Rk ~Rg+<1.
8 So (3,2,7/6) LR Co=Cio Rrg>~Rg+>~1
D5 (31,43 Crn Cb=Clo Rx~Rgw~1
label representation Wilson coefficient Relation  Rp
: — — - T ==
_ Co=—Cio Ruc = Rics <1_D
S " Cog=+C10 Rx ~Rg+~1
"5 Cé=—-Clo Rk <1, Rg~ >1
U
> Co=+4Cjy Rk ~ Rk~ ~1
Cg = —010 RK ~ RK%)
————— = Aug 8 2017




LEPTOQUARKS

: = ey Hiller, Nisandzic, 1704.05444
e at 1-loop constraints from B,-B, mixing

~. preferred by Rk

scalar LQ S; Mup=YY* /M2

allowed by
=AM~ (YY* P[P

SR —
flavor models i | ‘ |
Hiller et al, 1503.01084 1 2 5 10 20 50
Ms, [TeV]

e implies upper bound on LQ mass

M < 40TeV,45TeV , 20 TeV for S5, Vi1, V3

e UV model building often in terms of strong dynamics
Gripaios, Nardecchia, Renner, 1412.1791; Gripaios, 0910.1789; Alonso et al, 1505.05164; Barbieri et al, 1512.01560, 1611.04930
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GENERAL CONSIDERTATIONS
ABOUT /'

° nontrivial C Onstraint from Bs mixing Altmannshofer, Straub, 1308.1501; 1411.3161

br br
ghszr .  0.01
Mz =25 eV |
compare: Vis=0.04 ST ST |
e if coupling to y; then a related signal |
in b—svv e [z |

e constraints from neutrino

trident production |
Altmannshofer, Gori, Pospelov, Yavin, 1406.2332; 1403.1269 03

g '

0.1p

B, mixing

(| A s '4||||I [ [
3 10 30 102  3x10? 10°

16 m , (GeV)

YYY
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THE Z"MODELS

e bounds from ATLAS, CMS from pp—Z'—uu

Greljo, Marzocca, 1704.09015
e e.g., for MFV ansatz

3.1 -
ey~ (140X +ﬁYde)U 0
(1).0j (1) Ly

U (N ) T [

Ju =80 J(Qi'Yqu)+gL (Lk'}"uLl) 0.6

e "LHC safe" models

Altmannshofer et al, 1403.1269 0.2f
e LI(1) o models with vector-like quarks 0.0

® models with more than one mediator

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

L ATLAS 13 TeV, 36.1 fb~!

.
.
.
.

.
.
.

reljo, Marzocca, 1704.09015

2000 4000

6000

Mz [GeV]

8000 10000

(mixing suppression), e.g. U(1), xU(1),.,  Crivellin, Fuentes, Greljo, Isidori, 1611.02703

e composite p exchanges

e fully horizontal Z’ models with third-family
charges only, e.g., U(1)p; . ,U(1)p; 5,

¢ interesting textures in the neutrino mass matrix

Carmona, Goertz, 1510.07658; Megfias et al, 1608.02362 , 1705.04822;

Alonso, Cox, Han, Yanagida, 1705.03858;

Bhatia, Chakraborty, Dighe, 1701.05825
J. Zupan Flavor constraints on NP 17 Lepton Photon, Guangzhou, Aug 8 2017

Bonilla, Modak, Srivastava, Valle, 1705.00915




LOOP LEVEL

e three distinct options

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

L
bx ; / br, [t
! L
V % SL \ ST 0
| p

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

Becirevic, Sumensari, 1704.05835
J. Zupan Flavor constraints on NP 18 Lepton Photon, Guangzhou, Aug 8 2017



LOOP LEVEL

e three distinct options

e Z'w/ loop ® Z'w/loop  ® boxw/ NP
soTema to uu fields

7
b
by / L K
ST, \ ST 10
7

Bélanger, Delaunay, 1603.03333 Gripaios, Nardecchia, Renner, 1509.05020;
Bauer, Neubert, 1511.01900;
Becirevic, Sumensari, 1704.05835

hyenik, Soreq, JZ, 1704.0609

J. Zupan Flavor constraints on NP 18 Lepton Photon, Guangzhou, Aug 8 2017



FOP-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-philic Z' dt L l
Z
® h—s due to SM W
W in the loop i t /
® avoids contraints from dimuon (3,1)

i T
o, ~ O+ vy, +BYde)U

resonance searches

e 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

A
j\ see also Bordone, Buttazzo, Isidori, Monnard, 1705.10729
I SM value Lts on NP 19 Lepton Photon, Guangzhou, Aug 8 2017
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mTzl()mZ', SR=0.4, q',u,v:—q'ﬂA:q'
20 """"""""" '

TOP-PHI .|

| 1.06005
where is the flavor structure cc :z 1.0}

why the (5b)y., chiral structure

05¢F
automatic for top-philic Z'
0.0k , g
o
l"; : dﬁe ;O o 200 400 600 800 1000
1n the loop mz[GeV]
® avoids contraints from dimuon (3.1)

i T
oy ~ O+ ¥y + BY.Y, )U
resonance searches

e MFV structure: all FV due to CKM

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

B(K* — ntup) = (8.4+1.0) x 10 11><—Z‘1+011 (CLNP OENP’ k

SM value j\ see also Bordone, Buttazzo, Isidori, Monnard, 1705.10729
J. Zupan 1 ts on NP 19 Lepton Photon, Guangzhou, Aug 8 2017




b—ctv




UPSHOT

* b—ctv flavor anomaly

e theoretically clean, ~40 excess

® NP effect large: O(20%) of SM tree level

® NP interpr. often in conflict with
other constraints

cr,
by,

J. Zupan Flavor constraints on NP 21 Lepton Photon, Guangzhou, Aug 8 2017



R(D*)

0.45

0.4

0.35

0.3

0.25

0.2

EXPERIMENTAL SITUATION

* seen in several experiments

e theory well under control

R(DW) =

I'(B — DY)

I'(B — DWIp) ’

for theory predictions see, e.g.,

Fajfer, Kamenik, Nisandzic, 1203.2654

Bailey et al, 1206.4992

Becirevic, Kosnik, Tayduganov, 1206.4977
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NEW PHYSICS

INTERPRETATIONS

¢ the most obvious candidates ruled out

o charged Higgs: total B, lifetime, b—ctv g’
distributions, searches in pp—11

® W' related Z’ ruled out from pp—1t
e left with leptoquarks, will show two
® RPV sbottom: explains b—ctv, not b=>s
® vector leptoquark: explains b—ctv & b—sup

® also possible if more than one scalar
leptoquark Crivellin, Muller, Ota, 1703.09226

/

b
Htw''~ 7
Vr

-
b

N

N C

LQ

J. Zupan Flavor constraints on NP s Lepton Photon, Guangzhou, Aug 8 2017




RPV bri

Altmannshofer, Dev, Soni, 1704.06659

* leptoquarks: ER,L with RPV interactions

/
L;Q; Dj b,

Aigi L . c
. . bR ?
* to avoid proton decay constraints: |
1st, 2nd gen. squarks taken heavy T
e direct searches pp—tttt: 0a0F
m(br)>650GeV 035
e unification still possible ~ =°*
HFAG
; 025}
e cannot explain b—suu | :
Sho 020L. | Altmannshpfer, Dev, Soni, 1704.06659
Deshpande, He, 1608.04817; Becirevic et al. 1608.07583 0.2 03 04 05 0.6

Rp

J. Zupan Flavor constraints on NP




LEPTOQUARK FOR BOTH
b—ctv AND b—suu

Buttazzo, Greljo, Isidori, Marzocca, 1706.07808
* in EFT possible to explain all anomalies

1 ~i and \(To a oY (T @
AN O (Quruo Q) (LEy o LY) + Cs (QLyu@)) (L LY)

Ny = O(Val) , Az =O(Veul) s N = O(Vr?)]

e with MFV-like flavor structure !
e predicts Br(b—s17)~O(100)x SM 2f \

e if NP contribs. é of \\ =)
dominated by one field ~

® only one option:
vector leptoquark

UM — (3, 1, 2/3) -—0.10 -0.05 C:iocs 0.05  0.10

T ECPTOIT T TIOTOT " GUdITgZmnou, AXugro ZoT7

J. Zupan Flavor constraints on NP 25




LEPTOQUARK FOR BOTH
b—ctv AND b—suu

Buttazzo, Greljo, Isidori, Marzocca, 1706.07808
* in EFT possible to explain all anomalies

1 _. . _. .
AN [Or QLo @)) (L o L]) + Cs (Qm@)) L3y LY)
| 14 14 2\ [r—
)\Zb — O(“/Cb‘) ’ )\’T/,L — O(|V7'H|) ’ )‘pu — O(l‘/:,-'u| ) [ --------------- L B e e .
e with MFV-like flavor = oo AN RARRRARSS o ‘ -
! \‘ B’ 30 20
e predicts Br(b—stt)~C "% 2 } '.
: ; 0.02f \ >~ N =]
o ].f NP COntI'le. . ‘\ i No radiative constraints_ -]
: : BSN) X1 SR ——— L 7S N
dominated by one field ~ "} v
~0.02} , !
b [ /
® only one option: | ;
—0.04 ) 1
vector leptoquark | 5. NN lttazzo et al, 1706.07808
006k . . ..., FA Y SV Y [ A A S S :

H— | —-0.06 —0.04 —0.0‘2‘ 6.06 | '.02 0.04 0.06 0.00

07508 CT

Buttazzo e

7=Cgs

0.05

0.10

J. Zupan Flavor constraints on NP zo
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LEPTOQUARK FOR BOTH
b—ctvo AN >

2.5¢
Buttazzo, Greljo, Isidori, Marzocca, 1706.07808 :

e in EFT possible to explain all ar 20

1.5E

|801

NN [Or (@iot Q) (B L) + Cs (@

e =0Val) )‘ﬁu = O(IVrul) Afbu -

1.0

0-f o THuttazzo et al, 1706. 07308
e with MFV-like flavor = oosp~ ol Sl . N ik
[ 0.5 1.0 1.5 2.0
e predicts Br(b—stt)~C "% My (TeV) _
: : 0.02f \ A RN
o ]_f NP Contrlbs. I \ | No radiative constraints_ .
: : (Y] S—— S W i B
dominated by one field ~ "} ) S
~0.02} , !
. [ ]
® only one option: | ;
~0.04} ; | _
vector leptoquark | 5,/ | ltazzo etal, 1706.07808
—0.06b . . (... / Y A T '
= (3 1 2/3)} ~0.06-0.04-0.02 0.00_#02 004 006 000 005 0.10
1 — 9 - e— 77:7?%7,,
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THE FUTURE

e many related modes/observables in b—ctv
and b—suu

e Ny—A. v, Bc—]/Ytv, Bs—D; tv, Bs—dll,

b—sll inclusive, LFU in angular obs., ...
e a rule of thumb: Belle 2 50x statistics of Belle

see talk by Yutaka Ushiroda

e corresponds to ~reach in Aynpof ¥50=2.7x

e like going from 13TeV LHC to 35TeV LHC
e similar for LHCb (Phase 2 Upgrade 100x stat.)

J. Zupan Flavor constraints on NP 26 Lepton Photon, Guangzhou, Aug 8 2017



CONCLUSIONS

e the b—ctv and b—suu anomalies clean
from the theory side

e challenging but not impossible to
explain both simultaneously

e imply many new signals at both high pr
(CMS, ATLAS) and in precision flavor
(LHCD, Belle IT, NA62, g-2,...)

J. Zupan Flavor constraints on NP 2% Lepton Photon, Guangzhou, Aug 8 2017
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LOW ENERGY PRECISION
BOUNDS

UTFit 0707.0636, 1411.7233

® an impressive 2007
progress on
flavor bounds

in last 10 years 10}

NP scale A (TeV)
(=)

* in D, Bsmixing 10°F

e also from €k 10°F

1

e (BL’Y“CZL) (EL’YMCZL)

C C C OC
A2 ‘

3 q 5y

Lepton Photon, Guangzhou, Aug 8 2017
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LOW ENERGY PRECISION

BOUNDS
UTFit 0707.0636, 1411.7233
: : % ® % MRe C,
® animpressive £ _mmc, 2014
< " mimcC
rogress on D o ]
p g 8 105_ .CBd
flavor bounds 2 7 |mc,,
. Z -
in last 10 years 10t
* in D, Bsmixing o 1
* also from ek 10
1 - ; e e Cc coc
P(va”dL)(Z?L%LCIZL)«.,,,,_w f_ 7 > 3 4 5
. L P 29 Lepton Photon, Guangzhou, Aug 8 2017




LEPTOQUARKS UPSHOT

L. di Luzio, 1706.01868

Simplified Model | Spin | SM irrep | ¢1/c3 | Rpe | Rge | No d; — dvv
Z' 1 (1,1,0) 0 X v X
%4 1 (1,3,0) 00 v v X
St 0 (3,1,1/3) | —1 v X X
S 0 (3,3,1/3) 3 v v X
Uy 1 (3,1,2/3) 1 v v v
Us 1 (3,3,2/3) | -3 v v X
Anomaly O FSq FSg A4[TeV] | |[Ao| [TeV] | Ay[TeV] | M,[TeV]
b— v | Ol | 1 1 3.4 3.4 9.2 43
b— ctv Q33L33 |‘/;b| 1 3.4 0.7 1.9 8.7
b — S/L[_L Q23L22 1 1 31 31 84 390
b — S[L[_L Q33L22 |‘/ts| 1 31 6.2 17 78
b — S Q33L33 |V,;S| Im“/mT 31 1.5 4.1 19
b— sufi | QssLss | [Vis| | *(mu/ms)? | 31 0.4 1.0 A7
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MINIMAL U(l)) MODEL

Kamenik, Soreq, JZ, 1704.06005

* new U(1) gauge symmetry & — (44 §)/1/2

® scalar ©~(1,1,0,9°)
3 74 1 1)
e vectorlike fermion T'~(3, 1, 2/3, q') T SUGNSUC KU e U(1)

e all the SM fields singlets under U(1)'

e interactions with the SM through only three terms

Lmix = —N|®|°|H|? —eB*" F),, — (y7T'®ur +h.c.)

® assume alignment with the SM up Yukawa
yY ~ diag(0,0,y;) vt ~ (0,0, y5)

e for us the interesting limit IyTt | »A7e
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SIZE OF b—suu

d' ¢
|1.%
o /-1 \/* | dJ t
U T t ~ 7!
yt o /v/2 Mr »
- T
A7
e the mixine ;mtsﬂp.q for the twao chiralitiec g /
Or ~ yp0/Mr  0p ~ Ogv/Mr W Z
e main effects due to mixing with ¢, dj t
e the induced b—sll d' T
1 m2 &2 2 4“ : 7%
NP __ t 9 o me :
Cgl;;lo - §q/QL,V,Am—2Z/e—28R10g (%) + ... 3 dj T

NS

e fits the anomaly for m,~O(500 GeV), gg'~O(1)
e couplings to muons due to mixing with vectorlike leptons

® depending on the details could explain (g-2),
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Kamenik, Soreq, JZ, 1704.06005

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

t t T T

e important contraints fr
dimuon searches g g g g

e production channels: @, 1 N7 ’ !
e tree level pp—ttZ’, t : 7
t
t

e 1-loop: pp—2Z7'jZ" 7 ’

mr=5mz,sg=0.3, 4, v=—q'ua=q" |

* depends on Br(Z'—pup) 25T

e e.g. below tt threshold: 20!
e coupling to y; = Br(Z'—uw)=0.5 15t

1g q'l

® coupling to y;,7;, = Br(Z'—uu)=0.2 1_0;
e interesting possible searches at CMS, ATI

05.
® pp-H(Z'—uu) (7 —1T), H1(Z —Ft) »

00 . . S
200 400 600 800 1000
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LOW ¢° BIN

D'Amico et al., 1704.05438
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SENSITIVITY TO NEW
PHYSICS

e sensitivity to NP from virtual corrections

® e.g. b—sl'T

e NP contribs.
scale as

2
M{p

e depends on
mix. angles
and NP masses

J. Zupan Flavor constraints on NP
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36

~N
b u.et B8
S : :
1 L
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1 1
1 L
¢t v
W 2 d, 3, b
I’ ~\‘ 'l’ \\\ ,I' ~\\
H H 3 H 3
b u,ct s b X s b g s
_/
fig. from talk by G. Hiller at The First Three years of LHC,
Mainz, Mar 2013
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BOUNDS ON MODELS

* B,—uu important discriminator of models

U
o 9BR(B, - jt - | i o _: special
10° BR(Bs — pt ™) , o o P
| [ I | 9
B M i I cases
[ ! TR
—0-507 <,>\ o » 0: models
' N A involving L
~0.75 \ \ /i .
| "/ » 1: LQ models
1o
<S —1.00 - } L 3 Ar ]
g > 77 0r3
~1.25 1 } Ul
I I 1 1
| | | » 1 1
~1.50 | ~— /. 3 OF 3
\\\\/ o
—1.75 1 IR >
I I I .
200 +——, — L L
~1.50 —1.25 —1.00 —0.75 —0.50 —0.25 0.0 025 0.50
el
C1o/Cy  D.Straub @ Instant workshop on B anomalies, 2017
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OTHER CONSTRAINTS

e nontrivial constraint from Z—4I

Bishara, Haisch, Monni, 1705.03465

g % 1olk ]
e especially for light Z” also s v ,/Jr\
. : 2
important constraint from s 10-} ]
3
up prspectrum at the LHC £
S 1073 -
q p- _ : : : : :
S
>| 7
zle «/\"/\/\[ ’ % %
\ \ =2
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b—ctv

-numerical values

R(D) R(D”)

BaBar
Belle
LHCb

0.440 £ 0.058 + 0.042 0.332 + 0.024 £ 0.018
0.064 0.039
0.37570 0es £ 0.026  0.293700°7 4+ 0.015
0.336 + 0.027 + 0.030

Exp. average

0.388 + 0.047 0.321 + 0.021

SM expectation

0.300 + 0.010 0.252 4+ 0.005

Belle II, 50 ab™!

+0.010 +0.005




SBOTTOM SOLUTION

Altmannshofer, Dev, Soni, 1704.06659

|
‘ B-oKvy Bomvy & R, +Rp

B B B direct searches

A:313 — A:323 =0 A.l333 = 0.9 ’ A,'313 = —0.5 H




Rp, Rp* PREDICTIONS

Bernlochner, Ligeti, Papucci, Robinson, 1703.05330

e without light cone sum rule estimates

035 —
i Contours hold at 68% CL: Ax%2 =2.3 |
P -
// \\\
/ N
\
| \
I \ v
\ * \
\ |
03 B AN / n
No //
— i SN - -
Q
S

0.25 \@ §

1 SM (others)
I SM Ly=1
SM NoL
B SM Ly>1

| ' ' ' s i

0.2 0.3 0.4 0.5
R(D)
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DIRECT SEARCHES IN 77T

e b—ctv also implies a 1/Vy enhanced bb—1" 7
Faroughy, Greljo, Kamenik, 1609.07138

Color singlet | Color triplet

Scalar 2HDM Scalar LQ
Vector w’ Vector LQ

lgsg-| x V2 /M7, —
|YbY7-I XV /MH'

50 [ -1 -
ATLAS 13 TeV, 3.2 50F 0.12
40 0.09 401 0:1 :
S 0.08 X
— 30¢ 007 : 30t 0-08
N .
= ol 0:06 % 20} 0.06
& 0-05 | ~
10t 0-04 f ] 10¢ 004
0.03 , 0l : _ . : - —0-00.
oL= , e 2 T 7o ) 0608101214161.820
060810121416 1.8 2.0
would need: My (TeV)

J- LJMtJClJ.l 1'1avVUl LU%EQEESX?lVL 42 }/bYT* Xv2/Mé'+ — (2'9:t008) \




RADIATIVE CORRECTIONS

1 X Feruglio, Paradisi, Pattori, 1705.00929, 1606.00524
* loop corrections important

e modifications of the W, Z couplings to leptons

® induced 7 decays

1.0

0.6
< ~
S S
I I
= . : v
04 W RY and RV e m R} and RV
B LFV 7 decays m LFV 7 decays
: B Z-pole observables Z-pole observables
028 W R/
m All
0.0 .
100 105 110 115 120 125 130 135 140 125 130 135 140
T/l /¢
H])(“) Rl)|-}
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