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Welcome to LHCb !
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My daughter’s Xylophone or an artist view of LHCb up to you.



Who is the Physics Coordination?
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Yasmine Amhis
(PC)
based at CERN

Picture taken @ LHCb week in Dortmund

Carla Gobel
(Deputy PC)
based in Rio

When you can hear/see us:
Talk at every Tuesday meeting.
We chair all the approvals.

We work very closely with the conveners.
We send a LOT of email

Given the time zone difference there
Is almost always one of us who is awake:
lhcb-physics-coordination@cern.ch



Do | need to convince you why flavour physics is great ?
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The strength of flavour
physics and indirect searches

PLB 192 (1987) | mek o
OBSERVATION OF B°-B° MIXING

ARGUS Collaboration l))o W W B~

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- b M, Ct d
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" "% B meson lifetime

| Vial <0.018 Kobayashi-Maskawa matrix element

T U/ (B"- b))« 2 (Vo v ;j)(VJ'L vji)? (. ) mtJ-)
)




One upon a time there
was a roadmap

LHCb-PUB-2009-029
16 February 2010

Roadmap for selected key
measurements of LHCDb

The LHCb Collaboration!

Abstract

Six of the key physics measurements that will be made by the LHCb experiment, concern-
ing CP asymmetries and rare B decays, are discussed in detail. The “road map” towards
the precision measurements is presented, including the use of control channels and other
techniques to understand the performance of the detector with the first data from the
LHC.

L Authors are listed on the following pages.

This defined the “core” program of LHCb

The tree-level determination of

Charmless charged two-body B decays

Measurement of mixing-induced CP violation in B? — J/¢¢
Analysis of the decay B? — putu~

Analysis of the decay B? — K*'u* ™

Analysis of B? — ¢y and other radiative B decays

o8

150

229

275

313




One upon a time there 8

3 Charmless charged two-body B decays 58
W as a ro ad m a p 4 Measurement of mixing-induced CP violation in B? — J/¢¢ 150
5 Analysis of the decay B? — ptu~ 229
6 Analysis of the decay B? — K*up~ 275
7 Analysis of B? — ¢y and other radiative B decays 313

LHCb-PUB-2009-029
16 February 2010

Roadmap for selected key S .
measurements of LHCb CS

The LHCb Collaboration!

Abstract S \ Q b
Six of the key physics measurements that will be made by the LHCb experiment, concern- Q
ing CP asymmetries and rare B decays, are discussed in detail. The “road map” towards
the precision measurements is presented, including the use of control channels and other

techniques to understand the performance of the detector with the first data from the

LHC.
L Authors are listed on the following pages. »

Cﬂ + other things that | probably forgot




candidates per 2 MeV/c?

What did we first publish ?

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

(I CERN-PH-EP-2010-027
18 August 2010, rev. 15 September 2010

Prompt K(S) production in
pp collisions at /s = 0.9 TeV

The LHCb Collaboration?

Abstract

The production of Kg mesons in pp collisions at a centre-of-mass energy of 0.9 TeV is
studied with the LHCb detector at the Large Hadron Collider. The luminosity of the anal-
ysed sample is determined using a novel technique, involving measurements of the beam
currents, sizes and positions, and is found to be 6.8 + 1.0 ub~!. The differential prompt
K§ production cross-section is measured as a function of the K transverse momentum
and rapidity in the region 0 < pr < 1.6 GeV/c and 2.5 < y < 4.0. The data are found to
be in reasonable agreement with previous measurements and generator expectations.

arXiv:1008.3105v2 [hep-ex] 15 Sep 2010

Keywords: strangeness, production, cross-section, luminosity, LHC, LHCb

! Authors are listed on the following pages.

arXiv:1009.2731v2 [hep-ex] 7 Oct 2010

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-PH-EP-2010-029
14 September 2010

Measurement of a'(pp — bbX ) at
v/8 = 7 TeV in the forward region

The LHCb Collaboration|

Abstract

Decays of b hadrons into final states containing a D° meson and a muon are used to
measure the bb production cross-section in proton-proton collisions at a centre-of-mass
energy of 7 TeV at the LHC. In the pseudorapidity interval 2 < 1 < 6 and integrated over
all transverse momenta we find that the average cross-section to produce b-flavoured or
b-flavoured hadrons is (75.345.4+13.0) ub.

Keywords: LHC, b-hadron, cross-section, bottom production
PACS: 14.65.Fy, 13.10.He, 13.75Cs, 13.85-t

! Authors are listed on the following pages.

arXiv:1102.0206v2 [hep-ex] 2 Mar 2011

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-PH-EP-2011-011
1 February 2011

First observation of
Bg — J /1 fo(980) decays

The LHCb Collaboratior!
Abstract

Using data collected with the LHCb detector in proton-proton collisions at a centre-
of-mass energy of 7 TeV, the hadronic decay B? — J/1f((980) is observed. This
CP eigenstate mode could be used to measure mixing-induced CP violation in the
BY system. Using a fit to the mt7~ mass spectrum with interfering resonances gives
Rpyy = Nomgtlelorie) = 0252500485008, Tn the interval +£90 MeV around
980 MeV, corresponding to approximately two full f, widths we also find R’ =

T(BY—J/ymtn, |m(xtn=)—980 MeV|<90 MeV, .
( F(Bi‘—lu/wa, 6K K-) | ) _ 0.162 & 0.022 & 0.016, where in both cases

the uncertainties are statistical and systematic, respectively.

Keywords: LHC, Hadronic B decays, B? meson
PACS: 14.40.Nd, 13.25.Hw, 14.40.Be

To be published in Physics Letters B

! Authors are listed on the following pages.
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But not just the obvious

| | I I I I I 1

: LHCDb preliminary pp—Jet+X k;alg. R=0.7

@ \s=7TeV 1pb'  —e— 2.0sns2.5(x2)
=~ —=— 2.5=n<3.0(x1)

L lllllll

ch LHCb-CONF-2011-015
March 25, 2011

10-1 .“"’:r._ —a— 3.0=n=3.5(x1/2) N
At L Q- —— 3.5=1<4.0(x1/4) =
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Abstract

-5
The region n > 3 is a kinematic range of interest for Higgs searches, QCD physics 1 0
and beyond the Standard Model studies in pp interactions at TeV energies. We
explore the feasibility of measuring jets in the LHCb experiment, mainly devoted
to precision measurements in the b-physics domain, but covering the very forward

e

region 2 < 7 < 4.5. The jets reconstruction capabilities of LHCb are presented,

| Il . | 4
together with some preliminary results on inclusive jets and dijets that show the
potential interest of LHCb results for low-z/high-Q? perturbative QCD tests. The 30 40 50

data have been taken at LHC during the 2010 runs at /s = 7 TeV. E!ret (Gevlc)

100 .

4 Conclusion

!Conference report prepared for the Workshop on Discovery Physics at the LHC, Kruger Park, 5-11

December, 2010 : contact authors: G. Auriomma and C. Satriano This preliminary analysis of ~1 pb~! of LHCb data shows that the inclusive jet distri-
bution and dijet characteristics can be measured by the LHCb experiment in the range
2 < n < 4.5. Interesting results on perturbative QCD at z < 1073 are expected from the
~ 36 pb~! data obtained in the 2010 runs of LHC.

All the information is here : https://Ihcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_all.ntml



Fast forward —
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Let’s say you want to go one step deeper?

LHCb-ANA-2011-049
July 13, 2011

Version 8

rvation of By — J/yfy(980) decays Analysis of B — J/t (w+n~ and K+K~) and the

[to restricted-access page] first observation of J/ ’l/)fé(1525)

INFORMATION Abstract

LHCB-PAPER-2011-002 Using data collected with the LHCb detector in proton-proton collisions at a centre-of-mass energy of 7 TeV, the hadronic decay Bs ->

J/psi f0(980) is observed. This CP eigenstate mode could be used to measure mixing-induced CP violation in the B_s system. Using a fit
to the pi+ pi- mass spectrum with interfering resonances gives R_{f0/phi} = [Gamma(Bs -> 1/psi f0, fO -> pi+ pi-)]/[Gamma(Bs ->
J/psi phi, phi -> K+K-)] = 0.2527{+0.046+0.027}_{-0.032-0.033}, where the uncertainties are statistical and systematic,
respectively.

CERN-PH-EP-2011-011
Sheldon Stone, CERN and Syracuse University

ARXIV:1102.0206 Bilas Pal and Liming Zhang, Syracuse University

[PDF]

Abstract

(SUBMITTED ON 01 FEB Figures and captions Measurement of mixing induced CP violation in E‘j decays is of prime importance

2011) Decay diagram for osi_fO- in Probing new phy.sics._Soo far o‘nly the channel E‘; — J/'(/)d)'has been usid._Here
0 phi.eps [116 - o we mvestlga.te possible B, CP e1§enstatm and other modes in the J/yYn 7~ and
PHYS. LETT. B698 Bs — Jhy(foorg) decays. KiB] C $ J/YKT K~ final states. The "7~ mass spectrum has a relatively narrow structure
(2011) 115 HiDef png J / g peaking near 980 MeV first found by LHCb that we identify as the f3(980) and show
[114 KiB] c I that it is consistent with being pure S-wave. Thus, this is a CP-odd eigenstate. The
INSPIRE 886284 Thumbnail < - ratio of rates for J/v fo(980) to J/¥¢, with f,(980) — 7#F7~ in a +90 MeV mass
[117 KiB] - E g window around the f,(980) and ¢ - KTK~ is Rg;’fecﬁve = (21.7£1.1+1.0)%. Other
TOOLS b 6 N structures at higher mass are shown to contain D-wave. The KK~ spectrum be-
0 E >y sides a large ¢ component has a shoulder at masses just above the ¢, and significant
CITED 134 TIMES . - f3(1525). The mass and width are found to be 1532+5+2 MeV and 9071$ MeV,
S W R @‘ respectively. The ratio of rates for J/vf3(1525) to J/v¢, with f3(1525) - KTK~
GET BIBTEX S S in a +125 MeV mass window around the f;(1525) is Rﬁrective =(19.4 +£1.84+1.1)%.
¢ Or f 0 These new channels may be useful for different aspects of CP violation measure-

ments.

S

32 pages !




CP violation

Vet = | Vog Ves Vo | Origin of CP violation
Via Vis Vib in the SM

Parametrisation
1.5 [T T T T[T 117 AL L e e A L B
1.0 — Am — ull A AL % —
Amd&Am - : m Moriond 09 - 1 2 1 4 3

3 ; - : [ 1-2x2- 22 A AN (p — in)

= sin 28 b pbied 1 2 3 1 1

nll . S 215 © O\ 2 4 2 2

g 2009 | AN[1— (1 - %Az)(p+ in)] —AX2 + %AX"[l _2Ap+in)] 1-— %A2)\4

i 7 : \J

p
(b)

Goal: constrain sides and angles.



| |
LLHCD -
Preliminary -
October 2022 —

1-CL
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-

50 60 70 80 90
v = (63.8737)°

y []

https://cds.cern.ch/record/2838029/files/LHCb-CONF-2022-002.pdf
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AT, [ps_l]

d*T(t) 0
dtdcosOxdcos 0,dp ; Nihi(t) f(Ok, 01, @)

p-value = 0.031
2.2a from SM

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

1 2 3
g/¢¢ — 2ﬁg/¢¢ rad '—I'l_'
3 posfo-t [N
- N |é|)_u’ 0.13 68% CL contours
. l .| PID correction J | Peaking < (A log £ =1.15)
[ Pre-Sesscun i GB weights J—’[ i [ Background J - CMS 116.1 fb~2
] ‘ l ‘ l o CDF 9.6 fb~1
- background subtraction -
Decay-time . :
resol);tion L sWeights (Mass Fit) ] Csp factor J LHCb 4.9 fb-1
I ‘ ! 0.07
w ATLAS 99.7 fb~1
Decay-time .
{ efficiyency J > ime-dependent angular f ‘_[Flavour taggmg} *9%.5 0.3 0.1 0.1 0.3 pr—
! ' s
Angular Measurements
efficiency os, Al'y, I's — Ty, |A|, Am,

We expect a new result from LHCDb in the next few weeks/months !
15



Things don’t always go according to plan

But there was competition in the world [CDF in this case] !

N
LI L

Q Q
B, - D_m B, — D_m Untagged £ | £
— = T T | T T T 1 T T 1 T T T 3 E I E
r T T T | B S T T g -2 < -

- - - semileptonic
- hadronic

—

..........

Amplitude
L o

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

103;-Spla3hes RMS  0.1225
- I beam_ha|o
t [ps] )
What | thought the cool plot of my PhD would look like R m

-1 -08-06 -04-02 0 0.2 04 06 08 1
Kernel

16 What | ended up being a plot | was proud of



DIRECT CPV in the decay

observed at 5.30
by the LHCb

coIIaboration_in
March 2019! %

INDIRECT
Mixing —|* | b° o D° ’
fl# f |
lq] # |p] Still no
evidence of
In.tgrferdence 3 5 = . i , CPV
MmiXing-aeca — 0 e 0 0
g /T Y f+ f ” D .(f‘l' D . D .(f
¢ = arg (q—f) *+ 0
PAf
Direct CPV

ags - = (9.0 £5.7)x10™*
al. _ = (24.0%¢3)x10~*

I T | I 1 1 I I 1 I I I

T —:

n %{ 0.4 -

And charm mixes too ! |

O_ No CPV |

o _ %71 LHCb Beauty and Charm _

Stolen slides from Guillaume 020 10'2;,; 10'4[;7]
K+K- L70

Indirect CPV

¢ = (2.5 +12)°

lq/p| = 0.99533512

1 I L

I L I LU L |

l 1 1 LI I Ll

- [787]1 LHCb Beauty and Charm LHCb B
- Prelimi .

October 2022 .

|

0.05 0.1

lg/p| — 1




Multiscale
problem v

c ) Heff — _\ﬁ )\C CZ OZ -+ h.C,
+ long distance cc

18



%{? General overview

- Each of these analyses have to tackle the same challenges

. Binned Amplitude Dispersion
| st ansaz _ Z-expansion  relation
| 1.25 - 8.0 1.1-8.0
q” range (GeV*/c?) | 0.1-19.0 11.0 - 12.5 11.0 - 12.5 CL s Ll

— ~—— - . — e = - - = — e~ i e e T e p—
- e — - — S———— S— - = —— -

» WK* |
B K IJ ” B —» K~ form factors | N/A N/A External inputs + External inputs +

constrained constrained

m(Kr) line shape Parameterized  Integrated over Parameterized Integrated over
Really great summary !
Exotic contributions | /A A Ignored Ignored
(systematic) (systematic)
e.g. B® - Z(4430)K y
. () @ @°
oupus " e e Do GG
uipu %8B 0 =/ 0# +” 0 + Polynomial + Non-local phases &
Acp(B” — K Hp) coefficients magnitudes

2> MONASH University Tom Hadavizadeh
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Branching fraction prediction in the SM:
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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

This was in 2010 roughly

2.0 I ' ' ' ' I ' ' ' : T ' ' ' ' T T T T T T " 1 . T

10° x BR(Bg — p ™)

0 RSc 10 20 30 40 o0

10° x BR(Bs — pp™)



The “Now” is actually from a few years ago but the point remain

10° x BR(Bs — pp™)



Lepton Flavour
Universality
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ENDANGERED

From the PDG or equivalent :

Y72t

PZ—) ete™

— 1.0009 + 0.0028 .

r )
FZ — T T _{019-
7 — ete™

- 0.0032.



This was one was not a piece of cake'!

Y 0.4
*
‘ 9 \
S m Ay~ = 1.0 contours
m : Prelim. 2022 :
035 BaBarl?2
' c Bellel5 i
B LHCb18  30--- /8 a
O 3 __ " AV N _-
B \ LHCb22 o
o b '
i : -
e $ ! —
'l
0> E - Bellel9 o —
B€11€17 PRD 94 (2016) 094008 Average
i s s R(D) = 0.358 +0.025 +0.012
0.2 -}HFLAV SM Prediction  JHEP 1712 (2017) 060 R(D*)=0.285+0.010 £ 0.008
R(D) = 0.298 + 0.004 FLB 795 (2019) 386 p=-0.29

PRL 123 (2019) 091801 Rt
EPJC 80 (2020) 2. 74 Pty —32%
PRD 105 (2022) 034503

R(D*) =0.254 £ 0.005

R(D)

Very large branching fraction with respect to b —sili,
but neutrinos in the final states and a bazillion hadronic backgrounds to model.
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Amplitude analysis of the
DT — 7~ TnT decay and
measurement of the 7~ 7T S-wave

amplitude
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Beyond mesons and baryons

- -o-

(a)

LHCDb

X

X

¥ [

«

| 2

P

>

2.2

data
total fit

background

P_(4450)
P_(4380)
A(1405)

- A(1520)

A(1600)
A(1670)
A(1690)

- A(1800)

A(1810)
A(1820)
A(1830)
A(1890)
A(2100)
A(2110)

et A oS

24

2.6

m,, [GeV]

About 50 years after the predictions from Gell-Mann and Zweig

Yield /(500 keV/c?)
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Many discoveries

Good old Wikipedia !

11.0 4 ;

10.5 o*” |68 new hadrons at the LHC Xo2(3P)
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Article Talk Read Edit View history | Search Wikipedia
Hadron

From Wikipedia, the free encyclopedia

thick") is a composite subatomic particle made of two or more quarks held together by the strong
interaction. They are analogous to molecules that are held together by the electric force. Most of the
mass of ordinary matter comes from two hadrons: the proton and the neutron, while most of the mass
of the protons and neutrons is in turn due to the binding energy of their constituent quarks, due to the

strong force.

Hadrons are categorized into two broad families: baryons, made of an odd number of quarks (usually

(electron,
.) neutrino, .\

] neutron, .

A hadron is a composite subatomic particle. Every hadron
must fall into one of the two fundamental classes of particle,
bosons and fermions

three quarks) and mesons, made of an even number of quarks (usually two quarks: one quark and
one antiquark).['! Protons and neutrons (which make the majority of the mass of an atom) are

examples of baryons; pions are an example of a meson. "Exotic" hadrons, containing more than three valence quarks, have been discovered in recent years. A
tetraquark state (an exotic meson), named the Z(4430)~, was discovered in 2007 by the Belle Collaboration[?! and confirmed as a resonance in 2014 by the LHCb

collaboration.l3] Two pentaquark states (exotic baryons), named P:(4380) and P:(4450), were discovered in 2015 by the LHCb collaboration.[! There are several
more exotic hadron candidates and other colour-singlet quark combinations that may also exist.
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Exotic hadron naming convention

LHCb collaboration’

Abstract

Many new exotic hadrons, that do not fit into the existing naming scheme for
hadrons, have been discovered over the past few years. A new scheme is set out,
extending the existing protocol, in order to provide a consistent naming convention
for these newly discovered states, and other new hadrons that may be discovered in
future.

(© 2022 CERN for the benefit of the LHCb collaboration. CC BY 4.0 licence.

fContact author: Tim Gershon, T.J.Gershon@warwick.ac.uk
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SyStematlcs e Systematics are hard

because there is no a
standard way of computin
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® |[t’'s something we learn by
doing.

1

® Really recommend many
analyses notes.

https://indico.cern.ch/event/1219682/
https://indico.cern.ch/event/1219695/
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Questionnaire de Proust
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It will take a bit of time and effort

Run 3 “first” analyses

31

But we will get there !

Run 1/2 “final” analyses



These are “classic” things that you will
encounter during your PhD and beyond.

Depending on your topic
some of the steps will take you a week or a year

None of it is linear and what is difficult is
that it’s hard to predict
sometimes how long something will take

“If w had all the answers in advance
it would not be research”

Sources of headaches or joy ?

&
i |9|jesed ul ooloud arempyos/asempley e osje 1YBiw NOA
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How we are organised ?

T6T  Chorm  &D SL RIS Bl BIC
BCC




Statistically who will you interact with first ?

Conveners of groups and subgroups, liaisons are a very good first point of contact

Ligiegms . i P hD  adun’s

sorﬁetimes postdocs
N\
N7
Chotm & sSL Bes BnoC >y

/)
éul:WS 4:' Ba docs

but not exclusively

Bee  T6T
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Presenting at Physics Working Groups

Yes it can be very scary !
But it’s a great exercise and the more you do it the better you will become at it.
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Review organisation

A kick-off meeting between RC and proponents 1is expected within 1 month from the date on which the ANA note 1s handed
over to the RC. Preliminary questions, time constraints, conference target, etc should be discussed. Minutes of the
meeting should be posted to the review egroup below.

Here we become fairly active

You may hear about us also if there are “problems” with the analysis
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Good practices

® Browsing randomly indicos of other WGs.

® Check the WG selected topics at the TM. Zé b
e Keep an eye on arXiv. A N &

® Check the TH and EXP summery talks at conferences and workshops
® Check the review articles.

® Check other submitted PhDs manuscripts.
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And please please please

® L og your work, it does not matter if you use L —
notebooks, software, whatever. ey fo i 5o ol

® Keep track of everything you do, we forget - flo o instolled sone gy
details, we forget obvious things. We always - Hod You poduad 5 b

think that we will remember.
— o \Jow Wodel /Jopeed

® The amount of information to store only _’.-9-"‘-&"’_.

Increases, so help your future you and write
down things.
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That's it !

® | wish you all the best!

| will not lie, it’s not easy to do a PhD at LHCb

But ! You are Iin a very special place and this is
a unique moment in the History of LHCDb

Three years will fly at the speed of light

Make the most of It



