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Introduction

e The amplitude of a hadron decay process can be described using
Effective Field Theories: Operator Product Expansion (OPE)

AM — F) = (F|Hepf| M) = ZV(“K 1F|Oi(;1,)|ﬂ-f} e

CKM Wilson Hadronic Matrix
couplings Coefficients  Elements
(n =scale)

— a series of effective vertices multiplied by effective coupling constants Gi.
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Ci= CiSI\/I+ CiNP
C,i = C’iSM+ C’iNP

Primed C’;— right handed currents:
suppressed inSM 3

Electroweak scale ~ 1/My

New Physics scale ~ 1/M ,






The LHCb experiment

® The bb cross section in pp collisions is large, mainly from gluon fusion

~ 300 pb @ Vs=7 TeV b, b
~ 600 pb @ Vs=13 TeV ,
[PRL 118 (2017) 052002] P == b,c B
. ieome b, b
P . b,T is=8TeV

The b quarks hadronize in B, B, B* ), b-baryons...
— average B meson momentum ~ 80 GeV

® The LHCb idea: to build a single-arm forward spectrometer:
~ 4% of the solid angle (2<n < 5),
~30% of the b hadron production

[INT.J.MOD.PHYSA 30 (2015) 1530022]
[JINST 3 (2008) S08005]



Probability

The LHCb experiment
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— Smaller number of primary vertices as compared to ATLAS and CMS
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LHCb data

LHCb Integrated Recorded Luminosity in pp, 2010-2018

N 2018 (6.5 TeV): 2.19 /b

" 2011 (3.5 TeV): 1.11 /b
2010 (3.5 TeV): 0.04 /b

R R R R AR EARA ARSI

Month of year

Analysis with Run2 data only includes 2015 and 2016 data

Runl (2011 and 2012) = 3fb™!
Run2 (2015 and 2016) = 2fb™!
Run2 (2017 and 2018) = 4fb™!

} Most of the present analyses



Rare B decays
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Rare B decays

e b— s,d quark transitions are Flavor Changing Neutral Currents (FCNCs),
— in the SM they only can occur through loops (penguin and box diagrams),
excellent probe for physics beyond the SM

leptonic semileptonic radiative _
B o 0 "
W,
t
s w / W
BR~ 107 BR~ 107 BR~ 107

Experimentally — leptons/photons with high transverse momenta
Theoretically — observables can be calculated in terms of Wilson coefficients

G2 2 .
Ex: F(B? —> /,l-'_jll_) ~ 6:702'!% méng:

2 B P
vV [2m,C,

Hadronic uncertainties in decay constants or form factors



Rare B decays: B,

e Very rare decay:

FCNC and helicity suppressed

BRy, = 3.57(17) x 107

[Beneke et al, PRL 120(2018) 011801]
e Searched for over the last 30 years,

observed by LHCb and CMS
[Nature 522 (2015) 68]

e Updated analysis by LHCb, including
Run2 data

[PRL 118 (2017) 191801]

e B.—>1*1" also searched for at LHCb:

4.4 fb-1 [PRL 118 (2017) 191801]
L B e A
Total
LHCb 7.80 — B’ &
BDT >05 ----B%u*.u’
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B(BY — ptp) = (3.0£0.6%3)x 1077

B(BY — pTp™) < 3.4 x 10710 at 95%

— Agreement with the SM
— Theoretical uncertainties (fB( . V)
well below statistical uncertainty

B(Bg — 7T

T7) < 6.8x 1072 at 95%

[PRL 118 (2017) 251802]
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Rare B decays: B.—>p*y

(almost touching BH>utu)

We are here!
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Rare B decays: B—>K* )yt

Differential decay width: dI"'/dg? b W .

Each g2 region probes different processes

charmonium

resonances
Jh (1S cc o> 0r*
ohoton /Y (1S) //
pole

SM values (u=m,): C, ~-0.33
Cy ~4.27
Cyp~-4.17

(Everything else small or negligible)

¢’ (Gev?) C.=C>M + CNP

(Primed C’; — right handed currents:
suppressed in SM) 12



Rare B decays: B>K*u'p

q

5500
m(K*mu*tu) [MeV/c?]

[JHEP 08 (2017) 055]
BOéK*Opfu-

LHCb .
[ BO_)K‘FOHJrH*
Combinatorial

1.1<¢?<6.0 [GeV?/ 4]

Candidates per 10 MeV/c2

5600 3800 13
m(K* - u+u~) [MeV/c2]



e Differential decay width as function of g>=m?

Rare B decays: B—>K*)lu*tp

[ .CS5R Lattice +Data
o Jj 7 .-'[." ——T
o B —>K*u T
52 LHCb 3
h 8 .
X =
[= =] o
5 F+ et :
s PRD 71 (2005) 014015 ﬂC'tR) :
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— Smaller branching fractions than the SM predictions
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Rare B decays: B—>K* )yt

e Angular distribution in B— K*/-/*: g2and three angles

e ey
LLHCb
11< ¢ < 6.0 GeVYct

b

Candidates /0.1
T ?I T LI
—t— ]

— —
LHCD ]
11 < g? < 6.0 GeViet

Candidates / 0.1

.]. - I-ill_:'sl - I{I}. i '[)fﬁl o lI
JHEP 02 (2016) 104 cos 6,

1 d*r

r 05 0 T ]
JHEP 02 (2016) 104 cos B

9 |3 ‘ 1 _
‘ = (1 —(Fr)sin® 0 082 0 + ~ (1 —(Fy)) sin® O cos 20
dI' /dg? dcosf, dcos O do dg? 327 L( @) T +@C05 B 4( @) . et

— @0052 O cos 20, —sin2 Ok sin? 6, cos 20 +111 20K sin 20y cos @

—1—5111 20 sin By cos @ ——1112 O cosby —1—5111 20k sin B, sin ¢

+in 20k sin 26y sin ¢ +®1112 O sin? @y sin 20 ]

— In the lepton massless limit there are eight independent observables:

F, = fraction of the longitudinal polarization of the K*
Se=4/3 A, the forward-backward asymmetry of the dimuon system
S3,45,789are the remaining CP-averaged observables

15



Rare B decays: B—>K®*lutu

e These observables are also affected by hadronic uncertainties

e A new set of “optimized observables”, with form factor cancellations

can be defined: [Descotes-Genon et al, JHEP 05 (2013) 137]

/ _
Pi:4,5,6,8 =

S

4,5,7,8

VFL(

1 —Fp)

e These observables are functions of g2 and the Wilson coefficients C;

Example: P’s A

3o local deviation

L

R ' Y
« LHCbdata o ATLAS data

= Belledata < CMS data

.| SM from DHMV
SM from ASZB

|

IIIIIIIIII

i

I{L

——— =

|
e [

o

5

I PR TR SR TR S
10 15
g% [GeV?/c4]

* JHEP 02 (2016) 104

° PRL 118 (2017) 111801
* ATLAS-CONF-2017-023
* CMS-PAS-BPH-15-008
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Entries / (0.25)

Rare B decays: A, > Ap*w

— Results from LHCb in the A,—>Ap*tu-decay channel Runl + Run2 data: 5fb-!

[LHCb, JHEP 09 (2018) 146]
d? F =
—» K (] Q ’
e SR

d

5 angles and 1 normal vector n”

Depends on many observables (K;)

Obtained from method of moments - N
15 < ¢* < 20 GeV? 0 [——— : —_—
= 04 —
—_——————————— > [t LHCb 7
150 - - { -
‘ } LHCb 1 MF — E
i 5fb-1 : U-— | —]
100 ‘|4_’|: 5 - } | b
: H= 1 v | E
i — i - , -
S50 — 0.4} —SM plcdlcnon —
- —l={= - T
T In general compatible with SM predictions £
%l -0.5 0 0.5 1 [Boéretal, JHEP 01 (2015) 155],

cos 6, [Detmold et al. Phys.Rev. D93 (2016) 074501] Y



Rare B decays: R,

¢ In the SM all leptons are expected to behave in the same way

Test of lepton universality:

B(BT - KTtutu™)
B(BT — KTete™)

Rk = =1.000 +0O(m,2/m,?)

e Precise theory prediction due to
cancellation of hadronic form factor uncertainties

— track

e Challenge: bremsstrahlung by electrons

— . ———— S— . —— 1 C K

e Experimentally, we perform a double ratio to
cancel systematic uncertainties

R B(BT — K u ) / B(BT — KTete)
K’ p—

BB — K+ J/0(u )/ BB = K Jjp(ete))

18



Rare B decays: R

B mass vesus g2 for B*=>K*/*¢-

Muon Stations

ECALIC AL! I |

H

Muon Stations

Candidates / ( 12.5 MeV/c¢?)

[PRL 113 (2014) 151601]

0

5200

LHCb | ~
B+9 K+H+H-

5400

5600
m(K*utu’) [MeV/e?)

Candidates / (40 MeV/c?)

]

20E

10F

5000 5200 5400 5600
m(K*ete™) [MeV/c?]
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Rare B decays: R,

B mass vesus g2 for B*=>K*/*¢-

Do T, T~ T T T T T T 10°
'B*>K*e*e m(B*). .
- LHCb AT,

g% [GeV?/ 4

0 = '-. b ; SEns I R, Ty i = o 0 = ) ".: . Y- .
4800 5000 5200 5400 5600 4800 5000 5200 5400 5600 l
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Results with Runl data: [LHCb, PRL 113 (2014) 151601]

Rare B decays: R,

S O e LA S B S T —_
. _@-[.LHChb -m-BaBar -a—Belle LHCb - (:E'_:
f - 2
L5 = ] S
[ o
[ + D
1 N -
i +- SM §
fav}
=
0.5k - S
=
B o]
- @)
0_ . I A P B
0 5 10 15 20
g2 [GeV¥ 4

1GeV<qg?<6GeV

<

40F

(U8}
-

o
-

[
-

J(' | + LHCb-é

5000 5200 5400 5600
m(K*ete”) [MeV/c?]

Ry = 0.74570 02 (stat) + 0.036 (syst)

— Consistent, but lower, than the SM at 2.6c
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Rare B decays: R,

New results (Moriond 2019):

Including partial sample of
Run2 (2fb1)

[LHCb, PRL 122 (2019) 191801]

With improved reconstruction and
re-optimized analysed strategy

—~
S LHCb

= 100 —4 Data

p= — Total fit

= %0 Total Ry =1

~ BBJ.TEE 1 000 e B' K'e*er

k5 60 B Part. Reco.

= 40 B3 —JyEe)k’
b= Combinatorial

S 20

e

m(K'e*e”) [MeV/c?]

< 20

1.5

1.0

0.5

0.0

— Still consistent, lower, than the SM at 2.5¢

L LHCD run1a2
[ ————— I
- i
B m BaBar
[ a Belle
E e LTHCb Run 1 + 2015 + 2016

1 P I S TR T T T T T NN S S T
0 5 10 15 20

¢ [GeV7/c4]

1.1 GeV<g?< 6 GeV

Rk = 0.846 T50% (stat.) T90%5 (syst.)

Not confirmed, not ruled out...
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Rare B decays: Ry

. X, 4y, - .
e Measurement in the B—>K*u*u channel, Ry.: [JHEP 08 (2017) 055]

0 %0, +,,— T 20F T ! -
R — B(B°— K*u*tu™) & 1sE LY : f
0 *0 _+ ,— 2 16 - T - j
B(B"— K*¥ete™) SR I v, - 102
S 12 g

e Computed in two bins of g? 10

- [0.045, 1.1 GeV?] avoiding the photon pole

- [1.1, 6.0 GeV?] avoiding the radiative tail of
J/y modes

10

................

> 7 F LHCb 1 = ¥ LHCb E
§ :0:_ ______ Ho—)f(-ﬂ(f’(’ _: % 3{} } ______ BU_)K 11{4_{_ _;
=S 2 I Combinatorial 3 3 25§ I Combinatorial 3
E ISE B—Xete 3 g 20 B—Xe'e 3
& wf R & 15 W 5Ky B
S Ok 0.045<<11 [GeV/el1 ] 5 11<4°<6.0 [GeV*/c'] 3
S Sk — = : ' 3
5w } { & - E
< SE ] =z B :

00 5000 5300 6000 500 5000 5500 6000

m(K*x ee) [MeVie] m(K*ne*e”) [MeV/e?]

0.045 GeV < g2 < 1.1 GeV 1.1 GeV <2< 6 GeV



RK’*O

0.6

0.4

0.2F

e e

| V-

i ‘ , 1 |

- ® LHCH

- BID

L ¥ CDHMV ]

B EOs

N € flav.io

C LHCb e IC
{].U-||||||||||||||||||||||||||||||-

0 1 2 3 4 5 6

Low g2 [0.045-1.1 GeV?]:

Rare B decays: Ry.

® Results: [LHCb, JHEP 08 (2017) 055]

BIP [EPJC 76 (2016) 440]

v CDHMYV [JHEP 04 (2017) 016]
m EOS [PRD 95 (2017) 035029]
& flav.io [EPJC 77 (2017) 377]

o JC [PRD 93 (2016) 014028]

¢ [GeV?/c

2.0 L
=

1. =
i L

1.0 Frm— S —
F— |

0.5 % ® LHCh |
= y W BaBar -
i LHCDb A Belle ]

['}{] [ S S N N S SR SR N NN TS S S R I S SR S
0 5 10 15 20

¢* [GeV?/cl]

® | HCb, JHEP 08 (2017) 055

B BaBar, PRD 86(2012) 032012
Belle, PRL (2009) 171801
New Belle arXiv 1904.02440

SMy = 0.922(22)

Ry+0 = 0.66 © 86% (stat) £ 0.03 (syst)
Central g2: [1.1-6 GeV?]: SM y = 1.000(6)
R0 = 0.69 T 747 (stat) 4 0.05 (syst)

— Consistent, but lower than the SM at
2.1-2.3c (low g?) and 2.4-2.56 (central g?)
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Candidates / (25 MeV/e?)

Rare B decays: B.—>¢y x?@gl

New results (Moriond 2019): [arXiv:1905.06284,

accepted by PRL]

e Time dependent distribution for B.—¢y is sensitive to
the photon polarization (photon is left-handed polarized in b—s transitions)

W

AT

Igs(t) = B{](f_”[cosh(Tt) —

AT

sinl
@ sinh( 5

t) i‘.cos(.&-m t) j_. sin(Am t)]

Bi—oy

———
- LHCb
— preliminary

T E . SRR LI I N ‘L B B L
iﬁ:ge] E !_E-' 1402—1' + LHCb preliminary —; tE- :Eg; + LHCb preliminary E
eensignal 3 2120 jf 7 2 1a0f _ 3
Peaking E E 100;' Ti[ BS {' Data _; > 120E B [ Data 3
7] Combinatorial E _U‘f 30;_ . .H. Fit _; E ]00; s - é
5110 £90 1 £ 0F i 18 ok 3
N . S 9 E
s 20 hié~ﬁﬁ+uﬂ E 20k E
600 5800 60( 0E . .| AT aseetara: 0k | | -
m(@y) [MeV/c?] 2 4 6 8 10 — 6 8 10
t[ps] t[ps]
Spy =043 £0.30£0.11||Cyy = 0.11 £0.29 £ 0.11
oy ¢y
A i +0.37 — Compatible with SM

at1.3,0.3,1.7¢c



Rare B decays: B.—>¢y

Ccp

Scp

K* v

K, 70y

Ksmy

Ks p%y

Ks ¢ v

Average HFLAV
D16 022

Average HFLAV
015020

Average HFLAV
049 =042

Average HFLAV
0.06 023

Average HFLAV
0.74 =090

LHCb preliminary
043+ 032
|

)
[ ]

-3

[arXiv:1905.

2

06284,

accepted by PRL]

O I

K* v

K 70 Y

Kemy

Ks p% v

Ks ¢ v

Average HFLAV
004014

Average HFLAV
-007 «012

Average HFLAV
006 =029

Average HFLAV
022014

Average HFLAV
-0.35 = 0.60

LHCb preliminary
011031
I

$

|

LR e

3

2

1

First measurement in the B, system for radiative decays!



Rare B decays: A,— Ay

New results (Moriond 2019): [arXiv:1904.06697, PRL123 (2019) 031801 ]

e First observation of a radiative decay of a b-baryon: A,—>Ay

— Very challenging: no vertex from the photon and long living A

o i U L L L L L |
PRI ;
= 25f —Sigal LHCb ]
[ ---Combinatorial
E i _..._Ag — An . 65 i 13 i
\! < 20F (Y| (5.60) T
5 :
= b J E
z
N(A2_> Ay) o 5“ LOE R T H i i
N(B°— K*v) _ _ _ %} P
. B 1 L_
fag B(A— Ay)  B(A=pr)  e(A0— Av) . | Run2 datg: 1. 7“’ T
fpo B(BY— K*'v) B(K**— Kt7n~) e(B"— K*') 5000 5500 6000 6500

m(pr—y) (MeV)

B(AY— Ay) = (7.14+1.5+0.6+0.7) x 107°

— In agreement with the SM: (6—100)x10~/
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Rare B decays: A,— Ay

e Possibility for direct measurement of photon polarization (ocy) in b-baryon decays
(A, &, .. ) (non-zero spin of the initial- and final-state particles)

[Sinha et al, arXiv:1902.04870, accepted by EPJC]

A,—>Ay

1
Ta,(0p) = 1 (1 — Uy (YA COS Hp)

[1]

> EY
For =, there is an additional angle:

1

0.4

0.3

0.2

0.1

rNP)

Im(C

—0.1

—0.2

—0.3

—0.4

—_— Afnr [a1

Sy [ar

Xiv:1905.06284]
Xiv:1903.06284] | |

flavio vis.0

s | (1, (5L

BR(B

mated) [arXiv:1
- Xgy) | [EPJCT(177)201]

2.04870]

— |Radiati

ve combined exed
»d excopt E’r\

”

0.0

——

—-04 -03

—0.2

—0.1 0.0 0.1
Re(C4NP)

1 — aya=cos g + apcos b/, (a-; — (v, COS F);\>

0.2 0.3

0.4
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Rare B decays

Global fits (some cases with more than 100 observables)

g | ‘ ‘ | o g flavi
3.0 1 Ry & Ry~ . avio
Ry 0.4 68% CL
21 ATLAS borspp W 95%CL
Belle 259 —— global
oe D . s 02
1 an 20 1 f“‘\ UQ-“
.| Straubetal, 1903.10434 = 00 Q i
NN 02
1.0 1 R - 7
U \\;‘f',? ~04 Mahmoudi et al, 1904.08399
. 04 -02 00 02 04
............... '.; ' I l I "-"" | SM 503;1/ch
3.0 2.5 2.0 1..5 1.0 0.5 0.0

New Physics hypothesis preferred over SM by > 5
Main effect on the Co. coefficient: ~ 4.275M -1.0NP & Contribution of RH currents?

Triggered models with Z’, leptoquarks (LQ), new fermions and scalars....

LQ _‘ ------- } _
— 7L Ve
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Semileptonic B decays: Ry R.

e Another test of lepton universality (now at tree level):

Ratio of semi-tauonic and semi-muonic branching fractions:

-
W—/H—,,A Vs

B BO — D*+T_D - b Te > _» "
r(p") = 2V o) B '3 g g v
0 o — g —= - - - (
B(B® - D" 'u"p,)
Sensitive to charged Higgs bosons and leptoquarks B f_... OEN %Ej:z D)

Vr

_?__

SM predictions very precise : (V. and form factors (partially) cancel)

Based on HQET form factors:

R(D)s,=0.299 £ 0.003 [H. Na et al., PRD 92 (2015) 054510]
" [Fajfer, Kamenic, NiSandizé: PRD85 (2012) 094025]
R(D )SM=0'252 +0.003 and experimental measurements (HFLAV)

[D.Bigi, Gambino, PRD 94 (2016) 094008]
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Semileptonic B decays

[PRD 88 (2013) 072012]

BaBar measured an excess of B>>D*t'v_ (3¢ away from SM!)
[Nature 546 (2017) 227]

RO *+ £ H - Y]
R(D¥) { = BO>D** TV, with T—>p'V,v, [PRL115 (2015) 111803]
LHCb: m BO3D*-t+y | with r*—)n*n'n*(no)_vt [PRL 120 (2018) 171802]
RO/y) = B*—J/y t*v, with with T—pv v, [PRL 120 (2018) 121801]
= Using[t—opv, Vv, = Using|t*o>ntnty,
Information from the missing mass Information from the position of
. . 0 % - -
squared mmi552=(pB-pD*_pu)2 and muon energy the pions. Normalized to B°—»>D*n*n'nt*
[PRL 115 (2015) 111803] [PRL 120 (2018) 121801]
._;-\ 4000— L) T T " 4| T ] 2200
3) - 935<q < 12.()? Gct\f’*;‘c LHCb 1 2000 [LHCb
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Semileptonic B decays

New results (Moriond 2019) from Belle:

R(D*)

0.35
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0.2

e Global picture of Ry and R«

[} HFLAV average

Ax* = 1.0 contours
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Belle (2019), sl.tag
0.283 £0.018 £0.029

LHCb (2015)
0.336 £0.027 +0.030

LHCb (2018), (had. tau) ||

0.280+0.018 £0.029
Average
0.295+£0.011 £0.008

SM pred. average
0.258 £0.005

PRD 95 (2017) 115008

0.257 £0.003

JHEP 1711 (2017) 061
i

0.260 £0.008

JHEP 1712 (2017) 060
=
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0.2

— New results from Belle: 46 —3c deviation from SM

0.4
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Conclusions

e Several deviations from the Standard Model in the flavour sector have
been found by LHCb (and other experiments)

e Measurements of branching fractions, angular analyses and test of
lepton flavour universality show a consistent pattern in global fits, pointing

to new physics in the Wilson coefficient Cy,

e New results of R, doesn’t confirm or rule out the scenario: need more data!

e New inputs from radiative decays will help to constrain NP patterns

Rarest penguin on Earth (Antartica), BBC
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Prospects

arXiv:1808.08865v4 [hep-ex]
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Candidates / (30 MeV/c®

Rare B decays: B—>K*e'e

e What about electrons? (sensitive to C,{))
Angular observables of the BO—>K*e-e*at LHCb in the low g2< 1GeV?

b a/e/t 5

— Virtual y decaying in an observable /-7 *+pair
— Requires to go very low in the g2 region

[JHEP04(2015)064] (3fb-1)

e
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EoT B B (K X)ere . - L ] pole
25F Combinatorial 3 C ] 0 1 (QS)
01 - dr |G
L I\ / i 3.2
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Long radiative tail in the B mass 03 02 01 0 01 02 03 e e
. . . Re[(”
distribution: controlled from B — elc ]
K*y events (y—>eet, with
bremsstrahlung emission) — Compatible with the SM predictions*

[Adapted from Jager and Camalich arXiv:1412.3183]

*leading order estimation, 5% accuracy for SM value



Rare B decays: Ry,

Quick note on experimental issues:

e LHCb is far better with muons than electrons

e Trigger, reconstruction, selection and particle
identification are harder with electrons

e Mass resolution affected by e bremsstrahlung

LOIndep.
of signal

LOElectron

o | LHCIb ] LOHadron
— need energy recovery 2 10r ]
- B°— K*0J/) -
e Mass shape modelled according to the 3 5 Jfp—ete~
number of bremsstrahlung recovered =N ]
8 [ | s s i 1 " s s 1 "
U500 5200 54005600,
ECAL m(K*ete ) [MeV/c?]
Magnet
’ Data-MC for the number of y recovered by trigger category
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B— K*y(— e'e)



A FB

Rare B decays B—o>K*lutu

SM predictions based on
[Altmannshofer & Straub, EPJC 75 (2015) 382]

[LCSR f.f. from Bharucha, Straub & Zwicky, JHEP 08 (2016) 98]
[Lattice f.f. from Horgan, Liu, Meinel & Wingate arXiv:1501.00367]
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Rare B decays: B—>K* )yt

Understanding effects from charm at LHCb: i

¢ Phase difference between short- and long-distance
amplitudes in the B*— K*u*u-decay LHCb, [EPJ C(2017) 77]

— dI'/dm,,,is a function of form factors and C;

— Ceffexpressed as a sum of relativistic Breit-Wigner
amplitudes: magnitudes and phases extracted from data
— Form factors from FNAL & MILC [PRD 93(2016)025026]
300 p~——T————T -~
LHCb  9gooo0 V| <
—~ 250 11 ~
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> 200 —— total
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\c; 100 background
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— Small effect of hadronic resonances in Wilson coefficients
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Rare B decays: B—>K* )yt

e Also measured by CMS in the B—>K*u*u-channel [PLB 753 (2016) 424]
20.5 fb-1, 1430 signal decays

CMS

205 (8 TeV)

- —¢— Data
—_|:| {SM, LCSR )
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v w(2s)
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T

#CMS (7, 8 TeV)

S e A )

f+ —+ +
g L 7=

— Smaller branching fractions than the SM predictions?
— Compatible with other experiments, competitive accuracy with LHCb

— Results dominated by statistical uncertainties (including the BR of the
normalization channels)

— Caveat: theory affected by hadronic uncertainties (LQCD + LCSR)



Rare B decays: B—>K* )yt

— Recent measurements by CMS in the B*—K*u*u-decay channel
[arXiv:1806.00636], submitted to PRD

K+

1 dr, 3 1
= ! 7 = 1 @)(1 —cos?0) + 5Fu +cos B,

A = Forward-backward asymmetry of the dimuon system
F,, = contribution from the pseudoscalar, scalar and tensor amplitudes to
the decay width
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— Consistent with SM predictions



Semileptonic B decays: Ry Ry

BaBar measured an excess of B—>D*)t'v_ (3¢ away from SM!) [PRD 88 (2013) 072012]

Bell

e: [Nature 546 (2017) 227]

Events/ (0.05 GeV)
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R(D
® B°—>D**tv_ and 1 polarization  [PRL118 (2017) 211801]
M signal B>D*lv, [ Fake D*and q3
7 rcross feed I PRE 0 49 o Data 15 .
5100 15_ PRL118 (‘17) 211801
0.55—
0=
& o5
-
- =
155
5 i_
0 04 015 02 025 03 035 04
0O 02 04 06 08 1 12 1.4 R(D")

Eee, (GeV)

(remaining energy of e.m. calorimeter clusters)



Rare B decays: B—>K* )yt

— Recent results by CMS and ATLAS in the Bo—>K*u*u- decay channel
CMS [PLB 781 (2018) 517] LHCb [JHEP02(2016)104] ATLAS [JHEP10(2018)047]
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(CMS and ATLAS fit simultaneously only a subset of the amplitude parameters)



Rare B decays:

o Result from ATLAS: £ %0 ArLas Proliminary
2 161 (s = 13 TeV, 15.1-26.3 fb”
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Run Il data (2015+2016): i
26.3 fblat 13 TeV s
6
Combined with the Run | result: b
[ATLAS, EPJ C76 (2016) 513] 25 S
%800~ 5000
0 -\ — 0.8 -9
B(BY - prp) = (2.8'98)x 10
cf'g'.‘zj__"'\""\""l""
. — [ ATLASPrelimina
BB - ) <2.1x10719 T & i
?‘ osf
_> Measurements in agreement with the SM = °5E
— Theoretical uncertainties (fg, V) well o4
below statistical uncertainty 02
o
o2l
0

B,—op'w

ATLAS-CONF-2018-046
L B L A

»‘II' A
." "o
- | _Jh; - X 4

*  2015-2016 data
Total fit

— = Continuum background
=====' b — p* p~ X background
-+ Peaking background

- B:—‘NJ'N'*BD—’IJ* T

bl et L

b T 1 T SRR R 227 STV T
5200 5400 5600 5800

Dimuon invariant mass [MeV]

—2015-2016 data

— Run 1 + 2015-2016 data

Likelihood contours for
-2 Aln(L) =2.3,6.2,11.8

L L
~H b b b b b b 1A

B(BY — u~ u)[1079



The LHCb experiment
LHCb, op ~0.5-1%

ATLAS & CMS 2N<3 " 5ip, ~15-50 pm
Good PID (fake < 3%)

oP; ~0.7-1.5%
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Very good PID (fake < 0.1%) Inl<2.5 clP; ~ 25-100pum EXPERIMENT



