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Why heavy (quark) flavour®

o A veryrich field, and a vast laboratory to test the SM

* Heavy b mass — casier to understana theoretically (as(ms) = 0.2, Aaco/mes = 0.1)

e b (and c) lifetimes long enough for experimental detection (1,~1.5 10-12)

Sizeable CP violation expected in many b decays

- Large CPV etfects expected in processes which involve quarks from all three
generations

 Most TeV new physics contains new sources of CP and flavour
violation

* The observed baryon asymmetry of the Universe requires CPV
pbeyond the SM

- Not necessarily in flavour changing processes, nor necessarily in quark sector, it
could originate from lepton sector



Why heavy (quark) flavour (Il)?

N the SM, some rare decays are forbidden at tree level and can only
occur at loop level (penguin and box), e.g. Bs = u*p-

No FCNCs

A new particle, too heavy to be produced at the LHC, can give sizeable

effects when exchanged in a loop (e.g. modify branching fractions, angular
distributions,...)

Strateqgy: use well-predicted observables to look for deviations

Indirect approach to New Physics searches, complementary to that of
ATLAS/CMS
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| HCb detector: the essentials

* Forward acceptance

* Efficient trigger for hadronic and
leptonic moaes

* Acceptance down to low Pt

* Precision tracking and vertexing
(VELO@8 mm from beam)

e £xcellent PID
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Lum|n08|ty @ LHCD
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e EXxperiment designed to run at constant luminosity throughout fills
- 4 x1032cm—<2sec -1 (to be raised to 2 x1033cm—=2sec -1in Run 3)

- mean number of interactions/bunch crossing ~1
14



| ast year of LHCb as we know |t!

2012 2014 2018 2020 2023 2025 2029 2031 2034

- LHCDb is building its Upgrade | to be installed during Long Shutdown 2
(2019-20)— Factor 5 increase in Lumi: 2 x1033 cm-2 sec -1

e Possible LHCb detector consolidation and modest enhancements in LS3 (2025) -
ATLAS/CMS Phase Il upgrades also in LS3

 Major LHCb Upgrade |l in LS4 (2030) —Factor 10 increase in instantaneous Lumi:

2 X1034 cm-<sec -1 (Expression of Interest in CERN-LHCC-2017-003 and physics
document in CERN/LHCC 2018-027) 8
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Ihe upgraaea detector

¢ | ess than 10% of all channels will be kept!

e New RO electronics

Iracker Upstream Tracker
* New DAQ & data centre  gginijating fiores (UT)

e

40 MHz Readout
Software trigger only

Calorimetry and muons:
replace RO electronics
& remove redundant
components




1 he NEW  detector!

¢ | ess than 10% of all channels will be kept!

e New RO electronics
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40 MHz Readout
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Nstallation starts In six montns!
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CKM Matrix

e The CKM matrix VCKM describes the decay of one quark to another by the emission of a W

v, v V. W * Ihe probability of the transition from
55\5& flavour i to flavour | is ~ |Vjj|2

Va Ve Vo ¢ e Probability of b to c decay ~ |Vcbl?
V

Y Vis o Vi *

* \Vckm depends on 3 mixing angles and 1 phase, which is the only source of CP violation in SM

 Phase only present with N>3 generations (Nobel prize 2008)

- With N=2, all phases can be removed—matrix real-no CPV
 These 4 parameters (3 angles, 1 phase) must be determined experimentally

* \/ckm unitary: unitarity constraints can be seen as sum of three complex numbers closing a

triangle In complex plane

> ViV, =0 forj #k
14 Most open triangle: j=d k= b

 Check consistency of Unitary Triangles through
precise measurements




Measuring y e

amplitudes ~0.10

+)

e v from tree-level processes is SM “standard candle”
V., Vv

- theOreticaIIy very clean oy/ym~0(10-7) e Strong phase
- ylelds results unpolluted by NP o o difference

e Golden mode b~ — DK™

- Sensitivity from interference of b - ¢ and b — u amplitudes through final
states accessible to both DY and DY

- Many different methods and decay modes (K7z, K37, KK, Kgﬂﬂ, o)

~— 180

e
e

160

Derived from combination of U“Tfft_

observables in many 8 — DK =immerie | o | Jncertainty on world average
decay channels

140

~5°, driven by LHCD
e Consistent with indirect
precision but.. not as precise

\ Indirect prediction

from rest of triangle
(~2° precision)
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Measuring vy In B2 DK decays with
D — KSW+7T_ , KSK+K_ arXiv:1806.01202

D reconstructed using the three-body, self-conjugate final state

e Sensitivity to y by comparing Dalitz plot distributions for B+ and B-

* [nput on strong phase difference between D°. D decay amplitudes across
Dalitz plot taken from quantum correlation of DD’ pairs from Pp(3770)
decays — model iIndependent measurement  [CLEO, PRD 82 (2010) 112006]

* Analysis of ~4500 decays from 2 th-1 In Run 2

BT — DK™ BT - DK™

D — Kgﬂ'_l_ﬂ'_

BINNINg chosen to
maximize y sensitivity 16



Measuring vy In B2 DK decays with
D — K27T+7T— , KSK+K— arXiv:1806.01202

D reconstructed using the three-body, self-conjugate final state

e Sensitivity to y by comparing Dalitz plot distributions for B+ and B-

* [nput on strong phase difference between D°. D decay amplitudes across
Dalitz plot taken from quantum correlation of DD’ pairs from P(3770)
decays — model iIndependent measurement  [CLEO, PRD 82 (2010) 112006]

* Analysis of ~4500 decays from 2 th-1 In Run 2

Assuming
| no CPV
<
_|_
okm
< B+-B-yields
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Measuring vy In B2 DK decays with
D— Klntn™, K)KTK™ axsson

D reconstructed using the three-body, self-conjugate final state

e Sensitivity to y by comparing Dalitz plot distributions for B+ and B-

* [nput on strong phase difference between D°. D decay amplitudes across
Dalitz plot taken from quantum correlation of DD’ pairs from Pp(3770)
decays — model independent measurement  [CLEO, PRD 82 (2010) 112006]

* Analysis of ~4500 decays from 2 th-1 In Run 2

Assuming
. . no CPV
Combining with Run-1
& 02—
R I2{51{]51& 2016 data [LHCb 1
Combined result

. | B+-B-vyields

0.1

0.05

A 1 A A 1 A l A | A —I
0 60 120 180
O
Y%
18



Measuring vy In B2 DK decays with
D— K2ntn, KJKTK ™ wsson

* D reconstructed using the three-body, self-conjugate final state

e Sensitivity to y by comparing Dalitz plot distributions for B+ and B-

* [nput on strong phase difference between D°. D decay amplitudes across
Dalitz plot taken from quantum correlation of DD’ pairs from Pp(3770)
decays — model independent measurement  [CLEO, PRD 82 (2010) 112006]

* Analysis of ~4500 decays from 2 th-1 In Run 2

Combining with Run-1
0.2
A U o o —|—1 1\o
R 251 lns & 2016 data LHCDb ] q/ - ( 8 7 — ]. 2 )

Combined result

0.15 —

\VIost precise measurement

from a single analysis
(fixes a single, narrow solution)

0.1

0.05

0 60 120 180

19



Updated LHCb y combination

| HCb-CONF-2018-002

 Nice complementarity of the input methods, which vary in
precision and numlber of solutions

The power of the combination (B+)

New

New

B*—=DK"*. D—h3x/hh' 7"

B*—=DK*, D—K hh

B"™—DK". D—KK/K n/ nr

I All B* modes

Full LHCb Combination

New

20



Updated LHCb y combination

| HCb-CONF-2018-002
e Breakdown Dy B meson type (results consistent at 20 level)

2 B! decays
B’ decays e +5.0\0
B B* decays )= (74‘0—5.8)

" Combination

Dominating the WA

Yy = (73501_2%)0 (HFLAV, winter "18)

B* BY B,combination
s an LHCDb triumph
(Ph.Urqguijo, ICHEP18)

e |ndirect constraints give y = (65.8 £ 2.2)° (UTfit, summer 2018, prel.)

- Slight tension to be monitored as precision improves
- Measurement statistically dominated (3° to 4° precision at the end of Run 2)

21
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|_epton rlavour Universality

e The property that the three charged leptons (e, u, t) couple
N a universal way to the SM gauge bosons

e |nthe SM the only flavour non-universal terms are the three
lepton masses: m:/my/me < 3477 | 207/ 1

e |f NP couples in a non-universal way to the three lepton
families, then we can discover it by comparing classes of
rare decays involving different lepton pairs (e.g. e/u or w/t )

23



The tamily of R ratios

o Comparingtheratesof B — Hu"pu " and B — HeT e~ allows precise
testing of lepton flavour universality

fqmax dg? dI'(B—Hu ™" p™)

2 2 L qmin dq2 2 o 2
RH [Qmilm Qmax} - W , g =TI (ff)
quQnin q dq2

H=KK*o, ..

e b — s/¥¢ flavour-changing neutral currents with amplitudes involving loop diagrams

e [hese ratios are clean probes of NP :

- Sensitive to possible new interactions that couple in a non-universal way to electrons
and muons

- Small theoretical uncertainties because hadronic uncertainties cancel:
in SM, Ry = 1 neglecting lepton masses, with QED corrections at ~% level

24



Ihe 1R e ratio

fq;nax dq2 dF(BO%dK;OWu_)
2 2 - Qmin q % 0 + _ —
RK*O [Qmin7 Qmax] - qr2nax d 5 dF(BO—>K*06+€_) , K (892) — K v
fq?nin q dq2
:5 B ko
4

e [ HCb performed
measurement in two g2 bins:

r i N (3
& & \
| | f B ) V‘ | '
v ' (} ( O r ) /
i o ( ‘o

- Low-@2 bin: [0.045.1.1] GeV?

- Central-@2 bin: [1.1,6.0] GeV?

Central-g2




A very challenging measurement!

JHEP 08 (2017) 055

e | epton identification Is anything but
universal!

- Electrons emit a large amount of
premsstranlung, degrading mass
resolution— need to recover energy
using clusters in the calorimeter

- Due to higher occupancy of
calorimeters, trigger thresholds are
higher for electrons (~2.5to 3.0 GeV) than
for muons (~1.5to 1.8 GeV) —
decays with electrons also selected
using hadron trigger either fired by K*
products or by any other particle in the
event not assoclated with signal

26



\Vieasure as a aouple ratio

* Jo mitigate muon and electron ditfferences due to bremsstrahlung ano
trigger, measurement performed as a double ratio with “resonant™ control
modes BY — J/yK* which are not expected to be affected by NP:

R B(B° — K*u*u™) B(B° — K*ete)

— Relevant experimental quantities: yields & efficiencies for the four decays

o Similarities between the experimental efficiencies of the non resonant ano
resonant modes ensure a substantial reduction of systematic uncertainties in
the double ratio

2/



Results

Comparison with SM predictions Comparison with BaBar & Belle
BIP: arXiv:1605.07633 BaBar: PRD 86 (2012) 032012
CDHMV: arXiv:1510.04239, 1605.03156, 1701.08672 Belle: PRL 103 (2009) 171801

EOS: arXiv:1610.08761, https://eos.github.io
flav.io: arXiv:1503.05534, 1703.09189, flav-io/flavio

JC. arxXiv:1412.3183

| HCb:  JHEP 08 (2017) 055 /Edt ~ 3fb~ 1

-0.03 (syst) for 0.045 < ¢* < 1.1GeV® 924-923¢g
-0.05 (syst) for 1.1 < ¢* < 6.0GeV= 2.4-200
23

0 69J_r8 (1)% (stat)

B — {0 667911 (stat)



Crosschecks

B(B® — K*°J/{(— ptp™))

_ 27 B PV R PR ) 043 4 0.006 & 0.045 JHEP 08 (2017) 055
R B(BY — K*YJ/¢(— eTe™)) o

- very stringent test of absolute scale of efficiencies that does not benefit from
the cancellation of the experimental systematics from the double ratio

- compatible with being independent of decay kinematics (pr n of the B9
candidate) and track multiplicity

« R _ BB = K*92S) (= ptpm)) [ B(BY = K*9(25)(— eTe”)) - compatible with
VES T B(BY — K0 /(= ptp)) B(BY - K*0J/y(—ete™))  expectation

e B(B° — K*u*u~) in agreement with JHEP 04 (2017) 142
e B(B® — K*~) compatible with expectations

e |t corrections to simulation are not accounted tor, the ratio of the etficiencies
(and thus Rg~) changes by less than 5%

29



A reminagaer: Hk

[ HCDb published an analysis of Rk based on Run 1 (/ﬁdt ~ 3fh ™)

2 2 din dq2 ) )
qfax dg” dq=

 Also measured as a double ratiowrt B™ - J/y( = £7¢)K™

Ry = 0.745T0-0%9 (stat) 4 0.036 (syst)

| HCb: PRL 113 (2014) 151601

BaBar: PRD 86 (2012) 032012
Belle:  PRL 103 (2009) 171801

30



What happens next”

e \Work very advanced on Ak update with aaditional Run 2 data

(5 fb-1in total) with much improved sensitivity (rel. uncertainty
reduced by ~40%)

* Run 2 update of Ak

+ Can make analogous measurement with R (Bs — ¢¢7¢~)and
other similar modes

Short term

The Belle |l Physics Book (in preparation)
Run 2 | HCb: LHCb-PUB-2018-009 (in preparation)

0.05
0.06

| ong term

o ATLAS/CMS also getting more interested, e.g. CMS has in place

a new trigger strategy wrt tlavour with sizeable fraction of trigger

pbandwidth dedicated to flavour physics since beginning of this

year .



Anotnher puzzling result
N tree-level b = ¢ transitions




| FU studies in B — D™y decays

e Different class of decays (tree-level charged current with Vep suppression)

* Notatallrare: B(BY — D* 71v.) ~ 1%, problem is the background

B(B — DY ry,)
B(B — D™ uv,)
- sensitive to any NP model coupling preterentially to third generation leptons

* Lepton-universality ratio R(D*) : R(D*) =

R(D>SM = 0.299 = 0.005 Berlochner et al

e Predicted theoretically at ~1%, e.Q. .
R(D*)gm = 0.227 £ 0.003 arXiv:1703.05330

[R(D*) ~4%, according to Bigi et al, arXiv:1707.09509]
o Studied by Belle, BaBar and LHCDb
33




-Xxperimental challenges

o At least two neutrinos Iin the final state (three if usingT — uvv )

o Atthe LHC, as opposed to B factories, the rest of the event does
not provide any useful kinematic constraint. However, profit from
large boost and huge B production

e | atest LHCb measurement:

{T_I_ — Tt rT T (WO)DT

D*~ — 50(% K n )~

T'hree-prong
mode used for
the first time!

- A semileptonic decay with no (charged) lepton in final state (one K, five m)
— Zero background from BY — D* " putv, X

- However, signal to noise ratio less than 1% — need at least 103 rejection!

- Large background, notably from B — D*~ 37X (BF~100 x signal)
and B — D*~ DI (X) (BF~10 x signal, same vertex topology)

34



Background reauction

e Separation between B and 3r vertices (Az>404,) crucial to
obtain the required rejection of B — D*3nX

Signal Background

* Remaining double-charm background
(D*Ds)X) suppressed by employing a
multivariate classifier

* Signhal normalised to B — D*~3x to
minimize experimental systematics

PRL120 (2018) 171802
PRD 97 (2018) 072013

R(D*") =0.291 £0.019 (stat) £ 0.026 (syst) £ 0.013 (ext) ~1.10 > SM

35
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((D) vs R(D*)

| HCb Prospects

e Extend to full Run2 statistics
- from ~1300 to ~6000 events
- goal Is to be competitive with
world average

* A whole programme of semi-tauonic
measurements, e.qg.

fitto R(D)& R(D™)
R(D)Y : B — Dty
R(Ab> : Ab — A((;k)T_l_VT

Waliting for Belle ||

e ~1.5% projectea sensitivity
on R(D*) with 5 ab-

o All experiments see an excess wrt SM predictions

* [ension at ~3.8 o level (according to Bigi et al, arXiv:1707.09509) INTRIGUING!
e ~20% etfect on R(D™)

36



lesting LFU with Bc decays

e Generalization of R(D*) to Be :
B(BI — J/¢yT7v;)
R(J/)) = ——F———
B(Be — J/ypty,)
e Signal reconstructed using T=pw, B — J/¢u v, as normalisation

B B: — Jyuv,
B J/v +L comb.

e Largest backgrouno

from light b hadrons
to J/Y with amor K
misidentified as p

PRL120 (2018) 121801

R(J/vy) =0.71 £0.17(stat) £ 0.18(syst)

3/

B B — JyH;
B B, — y(29)1"v,
Mis-1D
; ' J/y comb.
B, — X (1P)I"v,
B B, — J/?,U”L' V.

Higher by 20 than SM
prediction (0.25-0.28)



INtriguing set of results In differential
branching fractions for b—=suu transitions

anfranchi Lanfranchi 1
arXiv:1805.05399 arXiv:1805.05399 %
5
3
=
-
)
%
= 5 10 15 .
2 2/ 4
JHEP 09 (2015) 179 7~ 1GeVic]
LHCb: JHEP 06 (2014) 133 CMS: PLB 753 (2016) 424
BaBar: PRD 86 (2012) 032012 | HCb: JHEP 11 (2016) 047, JHEP 04 (2017) 142
Belle:  PRL 103 (2009) 171801 BaBar: PRD 86 (2012) 032012 q2 — 2
CDF: PRL 107 (2011) 201802 Belle: PRL 103 (2009) 171801 W
CDF: PRL 107 (2011) 201802 Detmold and Meinel, PRD93 074501 (2016)

AY = At

JHEP 06 (2014) 133

JHEP 06 (2014) 133 JHEP 06 (2015) 115

e [N general, data tend to be lower than theory predictions at low g2
e Comparison limited by theoreticg| knowledge of form factors



Possible explanations of the anomalies

e Statistical fluctuations: unlikely given the number and pattern of the effects”

* Experimental artefacts: these are difficult measurements; have the systematic
errors been correctly estimated?

e Theoretical uncertainties: large theoretical uncertainties from
hadronic form factors on but LFU tests should be robust?

e A cocktall of the above?

* New Physics once all the apove have been excluded...

e Many NP models proposed (leptoquarks,...), see for example: "B-physics
anomalies: a guide to combined explanations” D. Buttazzo et al., JAEP 1711
(2017) 044, arXiv:1706.07808

- “the case of an SU(2).-singlet vector leptoguark emerges as a particularly
simple and successful framework.”

 The large amount of data still to be analysed by LHCb and high-pt LHC
experiments, as well as from future Belle Il, will certainly shed more light on the

origin of the B-physics anomalies
39



“.“"'ﬂ..“‘“..

L

P e e e e
AAAALED N

AEEEEEER 3 .

\\\Zs’\‘.\\%‘s’\‘s’ﬁ!-,

(':l’ ?..° / .' :.

b . . »
: .
. . N

e o




thejapantimes

NEWS

THEstoam HINDU

NATIONAL

Scientists discov
— WJ LA . Press Trust of India
W WASHINGTON, D.C. &

Phvsicists find new particle with a

El CERN observa una nueva particula en
el Gran Acelerador de Hadrones oo ,
L'experience LHCDb est charme
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: ' . N C“ Home >. ‘S.cAience.&r.iec;I‘th o o

Cern, scoperta la particella Xi: aiutera .|, [Re e
a capire cosa tiene = ¢~ 1~ =~aotnmia , Xi—cc++ Discovered at Israeli Scientist D
P Physicists find new particle with a double dose of =i sraeli Scientist D

Inseguita da anni, secondo i ricercatori aiutera a comprendere la «colla» della materia,
una delle quattro forze fondamentali della natura: la forza forte

=TT

—¢cC TL%Cﬁflna!axan

P L.

o _ INATI
Physicists find nc € L2721 W

scientists found a new pa

- C+C+ CC'U, | kraLian=
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b 2017-07-20 22:34 GMT+8
NEUESTE NACHRICHTEN

CHENPHYSIK Cern-Wissenschafter haben ein neues
Xicc++, ein neues Partikel Teil Ch en ent d e th




New results on =217 [ecu

e Observed for the first time in the decay -~ '—++ — A+K T
put litetime lett for later studies SRL 119 (2017) 112001

» Now measured relativeto Ay — A7~ 7« " [1.7 fo-! in Run 2]
consistent with expectations from weak decay PRL 121 (2018) 052002

T(EX1) = 0.2567 055 + 0.014 ps

e Recently re-observedin 217 — Z- 7™ [1.7 fb!in Run 2]

CC

T~

>

= R — —
—— T 3 ATKTT R U ————— > U = .
|
= C c V= =

e

=] =} ] ~cc — ~

C S &

e

e

O

[LHCb s (Combined U } 4
—_— 1 . i“ ; - [ 7T
d
= 2

¢ COmblned maSS arxiv:1707.01919 0 3500 3550 ?602) ...%6’50 3700

) [MeV/c ]

ml = — stat SVSt eV /c
(Hct:ﬂ 3021. 24i065( )iOSl(y )M V/
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O (r 4
(2. lifetime

e | east well measured charmed baryon lifetime

e ~1000 decays €, — Qou v, X, Q) - pK- K n*

e Measured relative to D™ — K~ nTx™ with DT from semileptonic B

arXiv:1807.02024

7(Q)) = 268 4= 24 (stat) &= 10 (syst) &= 2(D™) fs




O (r 4
(2. lifetime
e | east well measured charmed baryon lifetime

e ~1000 decays €, — Qou v, X, Q) - pK- K n*

C

e Meg~ four times larger than, and inconsistent with, the pic B
current world-average value of 69 + 12 fs

arXiv:1807.02024

7(Q)) = 268 4 24 (stat) £ 10 (syst) &= 2(D™) fs




Observation of a new =, resonance

e [N the quark model, radially and orpitally exciteo ‘:‘b resonances
are expected |b, d, s]

* First observation of a new state decaying into AOK and wa 1N
poth fully hadronic (A\n) and semileptonic (Ao, —b) decays

 Mass and width from fully hadronic channel (no JF analysis yet)
Mz, (6227)- = 6226.9 + 2.0(stat) £ 0.3(syst) £ 0.2(A}) MeV /c¢*
'z, (g227)- = 18.1 &+ 5.4(stat) + 1.8(syst) MeV /c”

PRL121(2018)072002
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‘Fixed-target like” geometry very well suited for. . .
fixed-target physics!

o \\Vith SMOG (System for Measuring
Overlap with Gas) a small amount of

nopble gas Is Injected In beam pipe

- around (~ £20 m) the collision region

‘Turns LHCb into a fixed-target experiment!

® Possible targets:
He, Ne, Ar,....

e (5as pressure ~10-"'mb,
~2 orders of magnitude

larger than vacuum pressure

(only local temporary degradation
of LHC vacuum)
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| INK with cosmic ray pnysICcs

Cosmic-ray flux of antiprotons Is
measured with high precision by JCAP09(2015)023
AMS-02 and PAMELA

tS Interpretation requires a correct

descrlpt}on of the domman.t 2rXiv-1808 06127
production process for antiprotons,
.e. the interaction of cosmic-ray

protons with the interstellar medium
(H, He)

| HCb performed first measurement
of cross-section for p + He — p+ X at «/syn ~ 100 GeV

Results cover 12 < p < 110GeV /e, pr > 0.4GeV/c

Precision well below the spread among models for p production
4/



Conclusions

| ots of measurements from LHCDb In flavour and beyond, only a tew of which were
highlighted here, e.g. nothing on charm (covered by Mike Sokoloff), heavy ions, EW,
exotic searches...

Dramatic improvements to the already impressive knowledge accumulated by the B-
factories and Tevatron. Healthy competition from Belle |l, ATLAS & CMS very welcome!

Precise measurements of flavour observables provide a powerful way to probe for NP
effects beyond the SM, complementing direct searches for NP

Most of these results show good compatibility with the SM, but some signs of tension
are emerging

Need more data to test these hints. [hese data are arriving in Run 2!

Working hard to prepare for the future: getting ready to instal the LHCb upgradeo
detector in '19-20 and also thinking about a possible Upgrade |l for the the ultimate
exploitation of the LHC for flavour physics in the HL-LHC era
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A few extra slides



Projected sensitivities



A very challenging measurement

Number of candidates tor Number of candidates for
B — K*Yu" ™ BY v K*Vot o JHEP 08 (2017) 055

Central-q2
Low-q?

 Due to bremsstrahlung the reconstructed B mass is shifted towards
lower values and events leak Into the central-g2 bins

o)



Results R(D*)

New world average;:
R(D*) = 0.304 + 0.013 (stat) £ 0.007 (syst)
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One of the milestones of
flavour programme Bg) — p " p”

Very suppressed in the SM

2
T

- Loop, CKM ( MS\Q for Bs) and helicity ~ (—“)
Mg

Theoretically "clean™ — precisely predicteo

B(B? — u ™) =(3.65+0.23) x 1077 (~6%) Bobeth et al.
B 10 PRL 112 (2014) 101801
B(B° — pnTu) = (1.06 £ 0.09) x 10

Sensitive to NP

- Alarge class of NP theories, such as SUSY, predict significantly
higher values for the Bisy decay probability

Very clean experimental signature

- Studied by all high-energy hadron collider experiments
O3



Era of precision measurements

Of B(S) — /L+;L

ATLAS, EPJC 76 (2016) 513
CMS & LHCDb, Nature 522 (2015) 68
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| HCb update with Run 2 data

| HCb analysis based on Run 1 and Run 2 data (3+1.4 fb-1)
* First observation from a single experiment with a significance of 7.8 o

B(BY — utp™)=(3.0+0.6703) x 1072 ( 20%) Bsm = (3.65 4+ 0.23) x 107
B(B° — u p™) <3.4x107 at 95% CL

e (Consistent with SM expectation at current level of precision

PRL 118 (2017) 191801
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B(s) — M+M— p

CMS PAS FTR-14-015

CMS PAS FTR-14-015

—_

L(fb ) N(B{) | N(B%)
20 1182 |22
100 159 19
300 478 57
300 (barrel) | 346 42
3000 (barrel) | 2250 | 271

(BB® = ptp)

B(Bg — ptpu~)

> 100%
66%
43%
50%
21%

N»r=p»

rojections

ATLAS-PHYS-PUB-2018-005

LHCDb
(23/300 fb-1)

~34 %
~10 %

| HCb: Physics case for an LHCDb

Upgrade |l (in preparation)
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3000 fb-1

Trigger thresholds:

(p

1
T

pr) (6 GeV, 10 GeV)

~2 Y%



Bs,d — T+7'_

e |Inthe SM, larger BF due to larger Tmass (m: /Mg )

B(BY? = t717) = (7.73 £ 0.49) x 10~ ° Bobeth et al

o Experimentally challenging due to undetected neutrinos In final state

e Searched by | HCDb through the decay
T — T 7'(' T V-~

* Bsq unresolvable In mass — analysis
optimised for Bs

e Exploit intermediate po(770)° resonance to

define signal/control regions of M ;— .+,
then it MVA

* Limits set: PRL 118 (2017) 251802
B(Bs = 7777) <6.8x107° at 95% C.L.  — first direct limit

B(Bq —7777)<21x107° at 95% C.L.  — best limit
of




Anotnher Interesting rare decay:
BY - K*(— Ktn ))utu~
A b —s transition that can only proceed via loop diagrams

NP can be competitive with SM processes

Four final state particles with rich phenomenology, plethora of
observables, which can be built from the measured amplitudes

Rates, angular distributions and asymmetries sensitive to NP

A lot of phenomenological work invested in defining observables
with “clean” theoretical predictions.

- Observables form-factor free at leading order

- Still susceptible to non-factorisable corrections %
Y

Question: how clean?
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The curious case of Ps

e One such observable is so-called P’'s, not intuitive, but constructeo
from angular observables to be robust from ‘form-factor uncertainties

e [ .HCDb data ATLAS data
m Belledata © CMS data

|:| SM from DHMV
- SM from ASZB
0F——= [ HCb: JHEP 02 (2016) 104
S Belle: PRL 118 (2017) 111801
e Al ATLAS: arXiv:1805.04000
iH N CMS-PAS-BPH-15-008
0.5
— 1 X :\\\\\\ | F - <
0 S 10 15

g* [GeV?/c?4

e [sthe SM prediction less precise than what is claimed?
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-1t to the Invariant masses

JHEP 08 (2017) 055

| oW- G Central-g? BY — K*J/i(— £747)

o

_I_

3
s
- 285 & 18 353 4 21 274k
X
O

+§ 89 + 11 111 + 14 58 k
X
T
.

e Precision of measurement driven by statistics of electron sample : ~90 ano

110 signal candidates In low-g2 and central-g2, muon sample 3-5 times larger
o0



