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Roadmap for selected key
measurements of LHCb

The LHCb Collaboration®

e General :
Experiment Abstract
g & Six of the key physics measurements that will be made by the LHCb experiment, concern-
sy M

= t()p uzzer %‘ ing CP asymmetries and rare B decays, are discussed in detail. The “road map” towards

g the precision measurements is presented, including the use of control channels and other

Y Bo techniques to understand the performance of the detector with the first data from the
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LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

2018 (6.5 TeV): 2.19 /b
2017 (6.5+2.51 TeV): 1.71 fib + 0.10 /fb
2016 (6.5 TeV): 1.67 /b
2015 (6.5 TeV): 0.33 /fb
. 2012 (4.0 TeV): 2.08 /fb
2011 (3.5 TeV): 1.11 /fb
2010 (3.5 TeV): 0.04 /fb
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The LHCDb detector

Interaction
point

vertex
locator

trackers

 (Good vertex and impact parameter resolution o (IP) = 15+29/pt mm.
* Excellent momentum resolution ~ 25 MeV/c? two-body decays.

* Excellent particle ID ( p-ID 97% for (rt = () misID of 1-3%).

* Versatile & efficient trigger.

JINST 3 (2008) S080005
3 Int. J. Mod. Phys. A 30 (2015) 1530022






The case flavour physics
and Indirect searches

PLB 192 (1987)
OBSERVATION OF B°-B° MIXING

ARGUS Collaboration

In summary, the combined evidence of the inves-
tigation of B° meson pairs, lepton pairs and B°
meson-lepton events on the Y (4S) leads to the con-
clusion that B’-B° mixing has been observed and is
substantial.

Parameters Comments

r>0.09(90%CL) this experiment
x>0.44 this experiment
B'*faxf,. <160 MeV B meson ( ~pion) decay constant

m,<5GeV/c’ b-quark mass

1<1.4x10 "3 B meson lifetime

| Vial <0.018 Kobayashi-Maskawa matrix element
Nocp <0.86 QCD correction factor *’

m,> 50 GeV/c? t quark mass

“The SM is fantastic but it’s not the end of the story”



Today’s menu

*» CP violation,Y, ®s, Bs-mixing.

*¢* Very rare decays, b — sl+I-angular analyses + LU.

*¢* A touch of spectroscopy.



CP violation
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Landscape before the LHC(b)
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Time evolution :
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Bs mixing
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Which decays should we use?

Frequency Phase
d
W L _ C
L 3 Iy 4 8YAZ (“"(23 \
| -
Y S 5 S 43 ( ‘(fk )
Flavour specific decay Mixture of CP odd and CP even

Purely hadronic final state. Dimuon In the final state.
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Bs mixing
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After reconstruction and selection
Perform a time dependent analyse with flavour tagging

Candidates / (3.3 MeV /c
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Bs Phases

After reconstruction and selection

Perform a time dependent analyse with flavour tagging

And use angular information to spectate

The CP odd and CP even components in the final state.
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13

1906.08356



Bs Phases

Weighted cands. / (0.3 ps)

After reconstruction and selection

Perform a time dependent analyse with flavour tagging
And use angular information to spectate

The CP odd and CP ever ~~mnanante in tha final ctata
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Democratic Y

*Y=9;3

e from time-dependent CP asymmetries in b — cu-bar d/uc-bar d decays, like B4 — D®*)~*x+-

, LN

e extraction of constraints on [sin(2p+y)| = |sin(2¢,+¢4)| from the above

e from time-dependent CP asymmetries in b — cu-bar s/uc-bar s decays, like B, = D" "K*, ...
e extraction of constraints on y—2[3, from the above

e from rates and asymmetries in b — cu-bar s/uc-bar s decays, like B*— D®K®)=*

e extraction of constraints ony = ¢, from the above

—ViudVur/ VeaVaa,

https://arxiv.org/abs/2110.02350
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Multiscale
problem v
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Theoretically clean (or not)

“cleanliness” of b — s observables in the SM

parametric
uncertainties

form factors

non-local
matrix elements

B(B — MY)

X

X

angular
observables

X

B(Bs — 0¢)

/ (N/A)

LFU observables

B. Capdevila, M. Fedele, S. Neshatpour, P. Stangl

v

Flavour Anomaly Workshop, 20 Oct. 2021
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Candidates / 5.3 MeV/c?
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s¢T ¢~ angular analyses
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Many observables:

* Decay rates or ratio of lepton flavours.
* Angular asymmetries.
* decay rates as a function of angles of decay products give access to large range of obs. (with small theory uncertainties).

* Helps to deduce nature of New Physics models.
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LHCb PRL 125 (2020) 011802
CMS PRL B781 (2018) 517
ATLAS JHEP 10 (2018) 048

Belle PRL 118 (2017) 111801


https://doi.org/10.1103/PhysRevLett.125.011802
https://doi.org/10.1103/PhysRevLett.125.011802

B - K*utu~ Angular expressions
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BO [;(* 4+ — CwfT T oo ] SFT HCb 2016
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21 LHCDb Phys. Rev. Lett. 125 (2020) 011802



B - K*utu~
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Phys. Rev. Lett. 125 (2020) 011802
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Theory predictions from
S. Descotes Genon et al. JHEP 12 (2014) 125,
A. Khojamirian et al. JHEP 09 (2010) 089



But also...
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B()

— K*eTe™
1 d4T + 1)
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Access to photon polarisation !
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Angular analysis @ very low g2__
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BY & Kfete™
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BY & K*eTe™
Results

—— Belle and BABAR B(B — Xs7)
Belle and BABAR Sy

0.2 - LHCb B — ¢y Run 1
| —— LHCb B® - K*ee Run 1 4+ Run 2 FL — 0.044 + 0.026 £+ 0.014
- AR = —0.064 £ 0.077 +£0.015
0.1 - o
~ / A® = 40.106 + 0.10319.916
S AT = +0.015 £ 0.102 £ 0.012,
=
—0.1 -

Even If still statistically limited
09 - best sensitivity to right-handed
quark coupling C7’

_0.3 I I I I |
-03 -0.2 -0.1 0.0 0.1 0.2 0.3

Re(C7™)

D. Straub et al. arXiv:1810.08132 26 LHCb-PAPER-2020-020



https://arxiv.org/abs/1810.08132
https://arxiv.org/abs/1810.08132

Adding a bit of complication

Benefit from the diversity of b-hadrons production @ the LHC
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevLett.112.101801&v=fcf21342
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevLett.112.101801&v=fcf21342
https://doi.org/10.1007/JHEP04(2020)188
https://doi.org/10.1007/JHEP04(2020)188
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Candidates / ( 50 MeV/c?)
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LHCDb Phys. Rev. Lett. 118, 191801
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ATLAS, CMS & LHCb combination

ATLAS CMS, LHCb - Summer 2020 e ATLAS CMS LHCb Summer 2020
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More recently...
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Adding more complexity to the Feynman diagrams
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“The” observable

dI'(B—H -
( Zqzu M )dqz

Ry = f dl’ B%He"‘e ) dq

A powerful probe to look for NP in an indirect way.



Lepton Universality
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And more recently, were added
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Is there something “funny” happening with the muons ?
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Only more data analysed and improvements in the theory will tell us.
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R, . at Belle and Belle IT ™

Lepton Flavor Universality ratio
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Where people debate, where people agree

2-dimensional fits
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Beyond mesons and baryons

About 50 years after the predictions from Gell-Mann and Zweig
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Overall...many new hadrons
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Conclusion

Did we discover NP ? Yes no maybe ?
We are looking forward to new results from LHCb (Run3),
Belle 2, ATLAS/CMS

and obviously theory work.
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