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No tree-level flavor changing neutral currents
in the Standard Model (SM).

SENSITIVITY TO NEW PHYSICS (NP) |

b —> ¢ [l trangitiong

EXCITING EXPERIMENTAL PICTURE

~X=350
Angular analysis of B—> K*uu

~250
Rk k* measurements

+ deviations in BR of several modes
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ANATOMY OF B —> K¢
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FOCUS ON LFUV —> NP IN SEMILEPTONIC OPERATORS
SHIFTS OF SM WILSON COEFFS @ LOW ENERGY
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ANaTOMY OF B —> K¢
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state-of-the-art from LQCD & LCSR computations

QCD factorization for leading effects of O(Aacpo/me) ,
but also present.



Known Uknowns IN B —> K> 27
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“OPTIMISTIC” VIEW = TRUST LCSR COMPLETELY!
—> Phenomenological Model Driven (PMD)



Known Uknowns IN B —> K> 27

k
) up to k=2,

Phenomenological _
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10 real coeffs
are involved
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DO NOT HAVE C7,9 SHORT-DISTANCE COUNTERPART!

“CONSERVATIVE” APPROACH = TRUST LCSR RESULTS ONLY AT g2 < GeV=2

REQUIRE ALSO |h+/h-| << 1 AT LARGE RECOIL (Jager & Camalich'14).



BavesiaN ANALysis oF B —s> K(EE

Taming the charm-loop
monster...

O https://github.com/silvest/HEPfit

57 TO 77 PARAMETERS
VARIED IN b—> s 77 FITS

(PRIORS: GAUSSIAN/FLAT)

- FIT AVAILABLE EXPERIMENTAL INFO. IN PARTICULAR, FOCUS ON:

LHCb CP-CONSERVING ANGULAR OBS + BRs FOR K(*) MODES AT LARGE RECOIL
+ CMS & ATLAS MEASUREMENTS, BELLE DATA ON P’4 & P’s , UPDATE ON Bs —> p |

- BAYESIAN MODEL COMPARISON WITH INFORMATION CRITERION:

IC =-2InL + 401211 r  (BEST MODEL <—> LOWEST /C VALUE)



THIS IS NOT ABOUT LIVER PROBLEMS ..

1

HEP-FIT SYRUP

Natural hepatoprotective
Helps in proper functioning of the liver

Combats the liver inflammation(chronic
or acute)

Empairs enlarged liver




THE CODE

® General High Energy Physics fitting tool to combine indirect and
direct searches of new physics

Config file |

Effective
Lagrangian

ThObservable

base class

Prediction

Bd! es:an Analysrs Toofklt

Flexible open-source C++ code
Stand-alone and library modes to compute observables in the SM & beyond

Add new models and/or observables as external modules
Optional Bayesian Statistical Analysis framework (supports MPI parallelization)

http://hepfit.romal.infn.it https://github.com/silvest/HEPfit




FREQUENTISTS VS. BAYESIANS

DID THE SUN JUST EXPLODE?

(ITS NIGHT, 50 WERE NOT SURE.)

THIS NEDTRINO DETECTOR MERSURES
WHETHER THE SUN HAS GONE NOVA.

( THEN, T ROWS TWO DICE. [F THEY
BOTH COME UP SIX, ITUES TO US.
OHERWISE,, ITTELLS THE TRUFFL.

LET's TRY.

CETRCTOR! HAS THE

N GONE NovA?
) /M;f

Y

FREQUENTIST STATISTICIAN:

BAYESIAN STATISTIOAN:

THE PROBABILITY OF THIS RESULT
HAPPENING BY CHANCE 15 3;=0027

SNCE p<0.05, T CONCLUDE.
'IHHT'IFIE SUN HAS EXPLODED.

ia

BET YOU $50
IT HASNT

)

O

xkcd

A WEBCOMIC OF ROMANCE,
SARCASM, MATH, AND LANGUAGE.



ABoUT THE ANQULAR ANALYQR
oF B—> K*,u,u



Anomaues N B —> K™ yuu 2

Phenomenological
Model Driven (PMD)

InL = —48.7

2
Olnr

= 6.9

IC =125

P

S5

~ JFi(1 - Fr)

Descotes-Genon et al. 2013

Phenomenological
Data Driven (PDD)

InL = —38.5

2
Oln

IC = 101

= 6.1

arXiv:1512.07157
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http://arxiv.org/abs/arXiv:1512.07157
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A GLosal AnALYQIR FOR
New Puyaiee v b —> ¢



Epucatep Guesses For NP

) O’sin K" angular analygis very sengitive to |Co,,

Altmannshofer & Straub 2015, Descotes-Genon et al. 2015, Jager & Camalich 2016

2) LFUV ratiog ecgentially congtrain (4 - e) combination

2) and 3) originally from
Hiller & Schmaltz 2014

C% 10 u-e

D’Amico et al. 2016
Mauri et al. 2018
Ciuchini et al. 2018

3) Ratio of LFUV ratiog can gpot handnesg of b-to-¢ current

Ry+[1.1,6]/Ri[1.1,6] ~ 0.86 & 0.13

see discussion in
Ciuchini et al. 2019

4) By —> [l good probe of axial leptonic coupling

Tension in Bs —> uu, see discussion in Aebischer et al. 2019



PDD PMD mean(rms) AIC
one -1.20(27) 14
i _1.21(16) 50
C10 -0.87(24) 15

(-1.61(48), -0.56(53)) 13
(-1.28(18), -0.27(34)) 48

(-1.61(33), 0.72(34)) 17
(-1.30(15), 0.53(24)) 54

(-1.55(32), -0.44(14)) 24
(-1.38(16), -0.37(12)) 61

AIC = ICs\ — ICNP
1to3 Not worth more than a bare
mention
3 to 20 Positive
20 to 150 Strong
>150 Very strong

Kass and Raftery 95

EPJC 79 (2019) no.8 ,719

Resuire v THe Weak Errective THeory EETAEREEE
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SMEFT —> SU(2). ® Ull)y CORRELATIONS

ABOVE THE EW SCALE ONE MAY ENFORCE LINEARLY REALIZED SM GAUGE SYMMETRY

E ey a

| ~10%
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ed
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Led()
O?jkl

OLQ(LS) —> OQ = - O[O )
4 OQ =

+ Clo

Py CAPITAL CASE
?% D@y Q) | QU(2). Doublete
Loyt L)( @ 7Q)
LOWER CASE
QiuQj)(eryer) SU(2). singlets
L"’%‘L )(dm dl) See, e.g.:

E?%t e;)(dpy"d;)
e;)(drQr)

Alonso et al. 2014,
Aebischer et al. 2016,
Celis et al. 2017

Ot —> Cg= - Cio
 0d—> C9=+Clo

Scalar operators are well constrained by B —> Il . They cannot address Rkx .



EPJC 79 (2019) no.8,719
arXiv: 1903.09632

b —>¢ Anomaries: Co ve Cio
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arXiv: 1812.10913

K - K mixing

Model-independent Bounds on the Standard Model Effective Theory
from Flavour Physics

Luca Silvestrini’*2-* and Mauro Valli® |

LINFN, Sezione di Roma, P.le A. Moro 2, 1-00185 Roma, Ttaly

2 Theoretical Physics Department, CERN, Geneva, Switzerland
3 Department of Physics and Astronomy. University of California, Irvine, CA 92697 USA

TEX]
Chit [mevY

8
CFel*™ vy

<> D-D mixing Cil [Tev?) cEy [Tev?)
ikl Yp diag Y diag Yp diag Y diag
— .. 1112 (2,11 (2, @) (2, 2) (2, 1.9%) 107!
A Bd - Bd mvang 1212 | (2,25 107! (2, 2.5%) 107! 99, 0.45%) 107 | (99%, 0.45") 107!
1213 (@, @) (2, @) (@, 7.0%) (2, @)
—_— 1221 | (360°, 0.95") 1072 (2, 4.6°) (38~ 0.17") 1072 (2, 8.3%) 107"
PR 1222 (2, 1Y) (2, 119) (2, 3.69) (2, 3.69)
;; BS B BS m'x'ng 1223 (2, 4.79) (2, 2) (2, 1.6") (2, 2)
1231 (2.84,2.7%) (2, 2) (2.14,1.7%) (129, @)
1232 (7.1Y,5.8Y) (7.9°, @) (2.79,5.1Y) (279,609
1233 (359, 7.89) (2, 2) (1.29,269) (2, 2)
cH™® [TeV~2] 1312 (@, 5.79) (6.6, 0.217) 107! (2, 1.0Y) (12", 0.37") 1072
* 1313 (222, 2.1%) (222,214 (172, 1.3%2) (174,132
] Yp diag Yu diag 1321 | (147, 119 107% | (6.6°, 5.4 9y 107! | (259, 2.0 9)107* | (1.27, 0.97 ) 107!
11 P 935 10-3 1331 | (1.9°, 1.8%) 1(1"] (2, @) (1.5%,1.2%) 1(1"l (2, 2)
1332 | (5.77,4.9 V) 10~ (2, @) (5.1V, 4.4 ¥) 10~ (2, @)
12 | (5.17,447) 107 | (5.7, 4.47) 107 2212 | (83", 0.22 Yy 1072 [ (83", 0.22 Yy 1072 | (89", 04 “)107* | (89°, 04 ") 107?
13 |(8.6°,7.27) 107 |(8.8%,7.4%) 107%| |2213 | (462, 4.5 2) 10~ (2, @) (3.74,2.8 2) 10! (@, 11)
22 %) 2.3 1072 2223 | (28Y,9.7 V) 10! (2, 2) (25Y,86 V) 10! (2, 2)
23 [(3.0Y,1.1Y) 1072[(3.1Y, 1.0V) 102| (2812 (2,517)107% |(6.17,0.197) 107%/ (200", 0.92") 107 | (117, 0.33%) 107
33 . 6.42 10~ 2313 [ (1.9%,1.9 ) 1072 |(1.9%,1.9 ) 1072 | (1.5%,1.2 ) 1072 | (1.5%, 1.2 &) 107?
2321 | (3.2, 26 “)107* [ (32Y, 26 D107 | 5.7%, 46 Dy 107° | (5.7%, 46 Y) 1077
2323 | (12V,0.40 V) 107" [(12¥,0.40 V) 107" |(1.0 ¥, 0.36 V) 107" [(1.0 ¥, 0.36 V) 107!
2331 | (5.5%,5.3 ©) 1072 (819, 7.0 (3.8 V,33 V) 102 (151359
Ciur™ [TeV7?] Ci® [TeV 7] 2332 (247, 0.81 ¥) 107! (2, 2) (2.19,0.72 V) 10 (2, 2)
1jkl Yp diag Yu diag 3311 (2, @) (2, @) (2, 2) (3.3°, 2)
2221 | (2.9°. 14°) 10" (247, 0.140) 10 3312 | (7.3Y, 59 ) 1(1"(s (2.6, 22 1Y) 1(1"“" (1.3, 1.3 9 1(1--'f (46,40 1(1-"*
oo o 3313 | (234,22 &) 107% (232,22 4)107% | (1.74, 1.4 ©)107% | (1.72, 14 &) 107°
2222 | (13°,6.2°) 107" | (107, 0.597) 107" | |35 (2, ) (2, 2) (2, @) (3.39, 2)
2223 (2, 2) (257, 1.8%) 3323 | (997,34 V)10 [ (9.9Y,34 V) 107*| (8.77,3.0 ¥)107* | (879, 3.0 ¥) 10°°
3321 [(1.7°,0.84%) 1072 (14", 0.8") 1073
3322 | (7.59,3.69) 1072 [(5.97, 0.35") 1072
3323 (1.89,159) (1.4%, 1.1 107! AF - 2
3331 (2, 85°9) (4.9%,6.6%) - CONSTRAINTS ON
3332 (2, 2) (2, 89V)

AF =0, FROM SMEFT RGE !

ighed Y diag Y- diag Y diag Yy diag
1111 (@, @) (@, 487) (@, @) (2. @)
1112 | (92, 041 10! {549, 0.319) (@, 0.49") 10 (2. 1.67)
1113 (239,529 (2. @) (@, @) (2. @)
1121 (@, 3.2%) (@.1.1%) (@, @) (2. @)
1122 {@.7.1%) {@. 1.6) (2. 86%) (2. @)
1123 | (53% 12%) 107! (@, @) (64% @) (2. @)
1133 (129, @) {@. @) (@, @) (2. @)
1211 (309 14%) (95, 0.437) 107! (2.757) (@.51% 107!
1212 |(210%, 0.96) 107%| (227, 0.1%) 10! (@, 1.1% 107! (@, 129 10!
1213 (804 35% (@, @) (@, @) (@, @)
1221 (@, 107) (2207, 0.08%) 1072 (@, @) (@, 1.2% 10
1222 | (1.8%, 19 10" | (789 04" 107 | (@.08% 107" (587, 0.54%) 102
1223 | (22°, 069°) 10! (@, @) (@, 43%) 107" (@, @)
1231 (109 16%) (7.6, 0.239) {129,0.59) (2. 2.8Y)
1232 | (24,109 1077 | (387, 84"y 1077 [ (14, 10% 107 | (6.7, 15) 107
1233 | (5.2°, 149 w? (2. @) (629, 51% 107 (@, @)
1311 (@, @) (6.1%, 5.0%) 107 (@, @) (735, 6.0%) 1072
1312 | (@. 229) 10! (279, 8.59) 1074 (@, 2.69) (329, 015 107!
1313 | (3.74, 28%) 107" [ (394, 20%) 107" (224, 219) 107! (244, 2.34) 107!
1321 (@, @) (14", 11%) 10 (2, @) (L.79, 1.4%) 107
1322 (@, @) {129, 0.37%) 107* (@, @) {237, 0.74%) 1077
1323 (@, @) (455, 4.2%) 107" (@, @) (34%,26%) 107"
1331 (@, @) (3.29, 279) 102 (@, @) (309, 3.25) 107!
1332 (@, @) (289, 0.16%) 104 (@, @) (34, 0129 104
1333 (@, @) 0094, 1.3%) 107! (@, @) (124, 1L.6%) 10!
2111 {@, 3.15%) (@, 1.1%) (2, @) (2. @)
2112 | (@.7.1% 10! {@, 3.25) (@, 8.6°) (@.9.5Y)
2113 | (53%. 129 10! {@. @) (64° @) (2. @)
2121 | (2. 24%) 0! (@, 26%) 107! (@, 2.9 (@, 3.159)
2122 (5.3%.017%) (5.1%.0.16%) (@, 20°) (@, 1.99)
2123 | (1.2 279 10" | (1.2°, 26%) 10! (159 3.3% (149, 3.19)
2131 (@, @) {2, 6.0%) (2, @) (2. 6.07)
2132 {@, @) (@, 3.7%) (@, @) (2. @)
2133 (28%. 6.2%) (@. @) (@, @) (@, @)
2211 (@,7.39) (229, 0.19) 10! (@, @) (@, 1.2% 10!
2212 (1.1% 0527 (L3 o™y 1w * [ (81 00% 107" |(287, 0.13) 10!
2213 | (@.8.6% 107! .65, 6.1%) 0.0°% 0.28%) (2. @)
2221 | (48”0227 10* | (51", 0239 107 (58P 0.26%) 107t | (617, 0.277) 107!
2222 | (6.7°, 60°) 107" |{4.7, 0.38") 10 (3.5%, 219  [(2.57, 016%) 107!
2223 (9.6, 0.30%) (@, 71¥) (@, 34%) (@, @)
2231 8.4%, 2.29) (185, 0.53) 10! (@, @) (@, 0.647)
2232 | (107, 0.83%) 107! | (167, 14%) 107! | (619, 5.0% 107" | (299, 6.37) 102
2233 |(22% 0.617) 10 (@, @) (279, 2.2% 107! (@, @)
2311 (@, @) (14", 119 10 (@, @) (1.7, 1.4%) 107
2312 (@, @) {(6.17, 02%) 107" (@, @) (34,01 107*
2313 (@, @) (802, 6.7%) 107* (@, @) (44%,.3.7%) 107"
2321 | (3.1, 259 107 | (3.3, 279 107 (375, 3.0 107t | (309, 3.25) 10
2322 (@, @) (27%, 0.839) 107* (@, @) (339, 1.0%) 1072
2323 | (5.7, 207) 107" | (394, 217) 10! (317, 1.17) (234, 1.17)
2331 | (3.1, 279 10" | (7.39, 6.3%) 107 (3.79, 3.29) (885, 769 102
2332 (@, @) (1=, 079 104 (2, @) (14, 0.52") 10*
2333 (@, @) {412, 1.7%) 107! (@, @) (52%,21%) 10"
3112 (@, @) (365, 8.29) (@, @) (@, @)
3113 (129, @) {@. @) (@, @) (2. @)
3121 (@, @) (@, 60) (@, @) (@, @)
3122 (@,.3.7) (2. @) (&, @) (@, @)
3123 (289 62%) (@, @) (2, @) (2. @)
3211 (e, @) (7.7, 0.235) (7.8%, 6.3%) (@, 2.89)
3212 | (2.8%, 23% 10" | (179, 389 107" | (949, 7.7% 1077 | (107, 2.35) 1072
3213 | (2.1°, 10%) 10 (2. @) (259, 0.6%) 107 (@, @)
3221 {2, 229) (185, 0.539) 102 (@, @) (@, 0.64") 1074
3222 (129 0987) (739, 169) 107° 4.1% 33%  [(p46~. 119 107
3223 | (807, 447) 1077 (@, @) (119, 0.26%) 107" (@, @)
3231 | (4.6°,35%) 107" | (469, 35%) 107" [(28%,2.74) 107" | (285, 279) 107!
3232 {23% 11%) (1.79. 6.5 10! (@, 5.89) (219, 5.89)
3233 | (2.3% 27% 10! (2. @) (149, 1.4%) (2. @)
3311 (@, @) (3.29, 279) 10°* (@, @) (3.8, 3.3 10!
3312 (@, @) (7.0, 0.265) 10°° (@, @) (8.4 219y 104
3313 (@, @) (254, 3.3%) 107 (2, @) (30%,3.3%) 107!
3321 | (3.1°, 279 10" | (7.3". 6.3) 10°° 379, 3.29) (885, 7.69) 107
3322 (@, @) {209, 0.11%) 1074 (@, @) (359, 8.25) 107"
3323 (@, @) (1.1%, 0447 ) 107! (2, @) (127, 0417)
3331 | (4.9, 40%) 107% | (499, 40%) 107F [(3.2%,30%) 1071 (325, 319) 10!
3332 |(2.67. 0807 1071 | (419, 309 10 | (147, 0487) | (22", 1.6Y) 107?
3333 (@, @) (2.0%,0.837) (@, @) (855, 3.67)
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—> INTERESTING SCENARIOS: NP AROUND TEV COUPLING TO TOP QUARKS!
(See also Celis et al. 2017, Camargo-Molina et al. 2018, Coy et al. 2019)
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What To Bring Back Home

— LFUV measurements are golden channels to spot NP
— Hadronic uncertainties do matter in the b to s Il global fit

— Forthcoming updates / new data from B-factories / LHCb
will have a final word on this pattern of FCNC anomalies

AT PRESENT
EFT analysis pointe to NP in

Co I together with Clg I

NP IN ELECTRONS” CANNOT
BE DISREGARDED INLIGHT OF = =" o
HADRONIC UNCERTAINTIES COp-ievel. whic extension:

tree-level. Z” or leptoquark



BACK-UP
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About the inferred g2 dependence from the “charm-loop” effect.

Khodjamirian et al. 2010
¢ SM@HEPfit, full fit
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Khodjamirian et al. 2010
¢ SM@HEPfit, full fit
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update of Ciuchini et al.2016

Khod jamirian et al. 2010
¢ SM@HEPfit, full fit
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THE OUTCOME DEPENDS ON OUR THEORY INPUT FROM LCSR AT g2 < GeV2:

Khod jamirian et al. 2010
¢ SM@HEPfit, full fit
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credit to

Why the Excitement on Anomalies in B decays? B. Grinstein

Slide for “executives” Instant Workshop on
_ _ _ B Physics Anomalies

The SM of EW intearctions predicts CERN, 17 May, 2017

— ) o ) -
rz,yé t z,vé ﬁ = GF Vib Vis - Co(10) 517" b £yu(vs)¢

@ This is same for all lepton flavors: lepton univesality (LU)

@ LU violation (LUV) reported by LHCb in b — sup vs b — see

@ LUV could arise from new physics (NP):

» At very short distances, with SM below scale A > My,
» Short distances at SM scale, A ~ My (e.g., strongly coupled EW symmetry breaking)

» Long distances: new light particles
2

® Worse case scenario: A > My: NP = %5 5v"b; 07, (s )L

@ Fits of reported LUV require

2
* & A w28 Tav
g

% ~ 0.25 X Gr Vi Vi '4_7; C9(10) =

@ Best argument to build VLHC! (or find NP sooner!!)





