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Quick survey of the room

A lot of material taken from previous lectures of mine but also from
Mark Williams, Tim Gershon, Gerhard Raven, Andreas Hocker, If you wish references to textbooks from me a message
Gino Isidori, Yosef Nir and others | probably forgot.



| et’s see how Flavour Physics can help us go Beyond the SM ?
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Disclaimer

Flavour Physics is packed with Jargon (K, T, D*, K*, ADS, C9, OS etc. )
However the underlying physics is fascinating
Rich phenomenology and experimental technigues
Exciting implications !

Please bare with me



A hitchhiker guide to flavour physics
Questionnaire de Proust

What Is the observable?
A branching ratio” An angle”

What Is the process? A penguin? A tree”
What are we testing/measuring”? NP? SM?
What is the statistics”? Rare decay”? Normalisation
What is the topology of the decay”

Are we ever going to see it?

What about the systematics?

Do we really care about it”

f you are lost go back to these questions



Structure of these lectures

Examples of historical/recent measurements.
What makes them experimentally challenging”? Blood sweat & tears.

How do we loop back to the underlying phenomenology




What is Flavour Physics”

Flavour (particle physics)

In particle physics, flavour or flavor refers to the species of an
elementary particle. The Standard Model counts six flavours of
quarks and six flavours of leptons. They are conventionally

- \&

—— parameterized with flavour quantum numbers that are assigned to
all subatomic particles. They can also be described by some of the
06 I KI P E D IA family symmetries proposed for the quark-lepton generations.
The Free Encyclopedia
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Coined by Gell-mann and Fritsch on visit to ice cream parlour

(Pasadena, 1971)

“Just as 1ce cream has both color and flavor so do quarks.”




Where do we stand?

Fermions Bosons
(“matter”) (“forces”)
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What do we have within the Standard Model ?

3 gauge Coupllngs Standard Model of Elementary Particles

2 Higgs parameters
6 quark masses R S (I |
3 quark mixing angles + 1 phase "9 '® -0 || @

1
down strange bottom photon |
«91,1880 GeV/c’

3 (+3) lepton masses '®| 0|0 @

electron muon tau Z boson

(3 lepton mixing angles + 1 phase) : - = - ==

( ) = with Dirac neutrino masses e | reicoe )| st



| One fundamental particle was discovered
Hadrons ! at the LHC so far...but also 75 new hadrons at the LHC

From Wikipedia, the free encyclopedia

diquark-diquark- diquark-diquark- diquark—diantiquark (Rediected rom Hadrons)

In particle physics, a hadron (/hasdron/ @) ©. from Ancient Greek adpog

arn t l q uar k d lq ua rk (hadrés) 'stout, thick') is a composite subatomic particle made of two or more Boso adro rmions
quarks held together by the strong interaction. They are analogous to molecules, W,*’g;m;s ?Aesons ?aryons L(e]latotns
’ > ions, roton, electron,
(d) | | h b d l b " which are held together by the electric force. Most of the mass of ordinary matter Si{s“g'z“’ kaons, ..) || neutrom, ..) \ neutrino, ..
mo ecu e y n g ue a comes from two hadrons: the proton and the neutron, while most of the mass of rr—T—
g the protons and neutrons is in turn due to the binding energy of their constituent A hadron is a composite subatomic particle. Every &
o quarks, due to the strong force. hadron must fall into one of the two fundamental

classes of particle, bosons and fermions
Hadrons are categorized into two broad families: baryons, made of an odd
number of quarks (usually 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
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by the LHCb collaboration.!®] Two pentaquark states (exotic baryons), named P:(4380) and P:(4450), were discovered in 2015 by the
LHCb collaboration.l*! There are several more exotic hadron candidates and other colour-singlet quark combinations that may also

This is the land of spectroscopy ! .



Discrete Symmetries

Discrete symmetry transformations lead to multiplicative conservation laws

But actually ....

The following discrete transformations are fundamental in particle physics:

. Parity P ("handedness”):

reflection of space around an arbitrary center;

P invariance > physics does not distinguish right and left - .
Ple;)=|ez)
: : : : P 7‘[0> e ﬂ'0>
Particle-antiparticle transformation C :
change of all additive quantum numbers (for example the i |n> Bl n>
electrical charge) in its opposite (“charge conjugation”) C|eL-> = 9[>
P Clu)=|u)
& Time reversal T : i
| | ] | Cld)=|d)
the time arrow is reversed in the equations;
T invariance - if a movement is allowed by a the physics law, the movement in C ‘ 7[°> o +‘ 7[0>

the opposite direction is also allowed

CERN Summer Student Lectures 2005 A. Hocker: The Violation of Symmetry between Matter and Antimatter

In particle physics:

19



What do we have within the Standard Model ?

3 gauge couplings

2 Higgs parameters

6 quark masses

3 quark mixing angles + 1 phase

3 (+3) lepton masses
(3 lepton mixing angles + 1 phase)

( ) = with Dirac neutrino masses

Flavour Physics

12



What do we have within the Standard Model ?

3 gauge couplings

2 Higgs parameters

6 quark masses

3 quark mixing angles + 1 phase P

3 (+3) lepton masses
(3 lepton mixing angles + 1 phase) <=  pnvNS

Please refer to your favorite

( ) = with Dirac neutrino masses Neutrino lectures



G. Isidori — Flavor Physics Theory (I* Lecture) 2023 CERN-Fermilab HCP Summer School

~ The flavor structure of the SM

%M - %auge (Aa’ \ljl) T nggs(H Aa’ Vi )
|

3 1dentical replica of the basic fermion family
>y =0,,u,d,L, e,] = huge flavor-degeneracy: U(3)> global symmetry

Within the SM the flavor-degeneracy i1s broken only by the Yukawa
interaction:

i the quark O,V *dgk H + hc. — d;i' M dgf
sector:

AN ilv ik, k — | ik k
QL YU uR HC+ h.c. — uL MU uR + ...

The Y are not hermitian — diagonalized by bi-unitary transformations:

Vp' Yy Up  =diag(y,, v, »,) 2%mg  mg
Vy' Y, Uy =diag(y,,»,,»,) <H> 174 GeV




G. Isidori — Flavor Physics Theory (1 Lecture) 2023 CERN-Fermilab HCP Summer School

~ The flavor structure of the SM

"? j ( a’ \lll) T nggs(H Aa’ \ll )

gauge
‘ \

3 1dentical replica of the basic fermion family
>y =0, ,u,d,L, e,] = huge flavor-degeneracy: U(3)’ global symmetry

Wlthm the SM the flavor-degeneracy 1s broken only by the Yukawa

mteractlon
. QLi YDidek H + h.C. —> JLi MDik de
in the quark
sector: i
QLZ Y ik uRk HC + h.C. —> uLl MUlk uRk + ...

The residual flavor symmetry let us to choose a (gauge-invariant) flavor basis
where only one of the two Yukawa couplings 1s diagonal:

. I
Y, = diag(y; .y, ;) Y, = VXdagy,y, v,)
or

Y U~ \/|+ X dlag(yu Ve t) Y Y lag(yu Ve t)

> unitary matrix




G. Isidori — Flavor Physics Theory (1*' Lecture) 2023 CERN-Fermilab HCP Summer School

QLi Y idek H —> C_llLi M ik de + ... MD — diag(md,ms ,mb)

QLZ Y lkuRk H, — TtLi MUlk uRk + ... M, = V" X diag(m, ,m_,m)

To diagonalize also the second mass matrix we need to rotate separately u; & d;
(non gauge-invariant basis) = V appears in charged-current gauge interactions:

Jy = dpytd, — a, Vytd,

Cablbbo Kobayashl Maskawa
(CKM) mixing matrix

16



~ Properties of the CKM matrix & CKM fits

Ve Vus Vb
Vekm= | Voo Vo Vi
I Vig Vis Vi )
Experimental indication
of a strongly hierarchical ‘
structure:
_ 1-A%/2 A AL (p-in) )
~ -\ 1-A%2 AN
i AN (1-p-in)  -AMN? 1 )

Wolfenstein, '83

L=022 | A, |p+in| = O(1)




~ Properties of the CKM matrix & CKM fits

VCKM: Vcd;i
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Experimental indication
of a strongly hierarchical ‘

structure:

1-A%/2

U

- A

| AV(1-p-in)

A=0.22

A AN (p-1m)
1-A22 AN
AN ]

Wolfenstein, '83

A, |ptim| = O(1)

(V'V); =0

\

A4

p+ i

Triangular relations, such as [i=b, j=d]:

Vb VudT Veb Vedt Vi Vg =0
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The Other tHang ‘eS The unitarity of the CKM matrix, (VVT);; = (VIV);; = §;;, leads to twelve distinct complex

relations among the matrix elements. The six relations with ¢ # j can be represented geometrically
as triangles in the complex plane. Two of these,

VuaVab + VeaVep + ViaVip = 0, (13.35a)
ViaVud + VisVus + VaVip =0, (13.35Db)
ds uc
/\V V udvgd
V. V¥ N ubVLb\/
ud Yus Vu V'*
sb ‘ ct . VoV s
VisVib V..V 0= 0y = arg (_th tf:) ~ arg (_ p- m) |
V V VUSVUb K V * 1
cb Veb Vib B=¢, = arg (_ Vcd cf) ~ arg (1 | ) |
td Vtb —p 1
— — _Vud Jb ~ .
V= 3= arg | - | o arg (p+ i) -
tu VisVus cd

http://www.scholarpedia.org/article/Experimental_determination_of_the_CKM_matrix
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How we build the angles

VWl [Vl e
chmz L Wu” P WLSI | lVJ)l
el 1l ™ iy

X

|

: : _ A 1 KO

Unitarity sin(2) = Im(g v

Can construct many triangles B:arg(_ Vi, Ve
V:t(:th

)

I
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\

t's never a straight forward path

The GIM mechanism

K'— p'v & rrop*v” so why not K° — p'y & mpty ?

e GIM (Glashow, lliopoulos, Maiani) mechanism (1970)

no tree level flavour changing neutral currents
suppression of FCNC via loops

* Requires that quarks come in pairs (predicting charm)

W

A — V V % f(mu/mw) + V V d* f(mc/mw) P

us ud cs C
2X2 unitarity: Vusvud* + Vcsvcd* =0 / :
m,m <m,.. f(mu/mw) ~ f(mc/mw) SA~0
kaon mixing = predict m_ 8 1z

Tim Gershon
Flavour & CPV

\/_ -

21



A number of things that we still don't know

Why are there so many different fermions?
What 1s responsible for their organisation into generations / families?
Why are there 3 generations / families each of quarks and leptons?

Why are there flavour symmetries?
What breaks the flavour symmetries?
What causes matter—antimatter asymmetry?

22



Almost twenty years ago !

Yasmine Sarah Ambhis
Summer School 2005
LHCb,CERN
Geneva
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| File Edit Options Buffers Tools C++ Help

CP*x OB ¥4 BQRGDE?

&
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//HI I AM A& ROOT MACRO,BE NICE TO ME AND I WILL GIVE YOU PICTURES!J]
gStyle->SetOptstat(0);

//TFile* f = new TFile("rfio:/castor/cern. ch/user/y/yamhis

/7 /GaussXY. root");

astorFile* cf = new TCastorFile({'rf ( ern. ch/us amk anssEtaP R

TTree* nt = (TTree*)cF->Get("MAT ¥

Emin= planeZ* (Xrmin / Zref);
Xmax= planeZ* (Xrmax / Zref);
Ymin= planeZ* ( Yrmin / Zref);
Ymax= planeZ*{ Yrmax / Zref);

// TH2F* histEtaPhi=new THZF ("EtaPhi", "EtaPhi", nPhibins, PhiMin, PhiMax, nEtabins, @
SEtaMin, EtaMax) ;

TH2F* histCumRadlEtaPhi=new TH2F ("CumRadlEtaPhi", " Cumk lEtaPhi
nPhihins, PhiMin, PhiMax,
nEtabins, EtalMin, EtaMax);

//TH2F* histXV=new THZF ("XY", "XV",nxbhins, Xmin, Emax, nybins, ¥Ymin, ¥max);

//TH2F* histRadl=new THZF ("Radl", "Radl",nxbins, Xmin, Xmax, nybins, ¥min, Ymax);

# TH2F* histCunRadl=new THZF ('CunRadl', "CunRadl",nxbins, Xmin, Xmax, nybins, Ymin, Y@
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Trees vs penguins

Flavour Changing Charged Currents Flavour Changing Neutral Currents

Rule of thumb: you can’t access all the parameters at once
you have to pick your battles

24



CP Violation through the History of CP Violation is a Family History of Quarks
- Particle Physics w ;

B GIM-Mechanism (Glashow, llliopolous, Maiani) (1970)
B CPV phase requires 3 families (Kobayashi-Maskawa) (1973)
: . e J/y resonance: ¢ quarks (Ting, Richter 1974
B Dlscovery of strange partlcles (Rochester, Butler) ¥ ! i ) ( )
: ® Discovery of zlepton: 3 family (Perl et al. 1975
E  Neutral kaons can mix (Gell-Mann, Pais) o . I ) >
_ E Y resonance: b quarks (Lederman et al.) (1977)
K discovery (Lederman et al.)
. _ _ ¥ Broad Y(4S) (CLEO) (1980)
P violation: possible explanation (Lee, Yang) _
. _ B B mesons live long (|V,,| small) (MAC, MARK II) (1983)
»  Pviolation found in B decay (Wu et al.) ;
later: maximum P and C violation, but CP invariance B mesons oscillate (ARGUS) (1987)
= Cabibbo-Theory (1963) ¥ t-quark discovery (CDF) (1995)
= CP violation (CPV) discovered (Cronin, Fitch et al.) - (1964) -. | ® g/e#0 (NA31, NA48, KTeV) (1999)
°°°°°°°°° NE e Start of B Factories: BABAR (PEP Il), Belle (KEKB) (1999)
L{m"‘f _ =% CPV in B system : sin(23) # O (BABAR, Belle) (2001)
L RIS * Direct CPV in B system : A (K*1-) # 0 (BABAR, Belle) (2004)
. CERN Summer Student Lectures 2005 A. Hocker: The Violation of Symmetry between Matter and Antimatter

CERN Summer Student Lectures 2005 A. Hocker: The Violation of Symmetry between Matter and Antimatter 2

Twenty years later where are we”

25



Examples of Flavored Discoveries

The smallness of I'(K;, » u™u™)/T(K™ - u™v)
— Predicting the charm quark

The size of Amy
: m C PLB 192 (1987)

B° MIXING ; S
The SIZG Of Am B ARGUS Collaboration § () W % %w 0 R"

In summary, the combined evidence of the inves

P ya
tigation of B° meson pairs, lepton pairs and B° A ¢ <
: ' ’ l t meson-lepton events on the T (4S) leads to the con- b M, c’{: d

clusion that B’-B° mixing has been observed and is

b 1
[he measurement of €Ex |- ; ol
r>0. 1 1
e o x>0.44 this experiment
ﬁ I r e n e ra t I O n B'?fyxf, <160 MeV B meson ( ~pion) decay constant
I m, <5 GeV/c? b-quark mass
1<1.4x10" "% i

The measurement of v flavor transitions Hihe S| o (8- 5) 2 () gy e )

= m,, ¥+ (0 Y Nir e e

The strength of flavour
physics and indirect searches

Emphasis the complementarity of direct vs indirect searches

26



//1111/

/111111711

[APL] 21838

Oldie but goodie - an indirect road to discoveries and high scales

Observable
Can we use Flavour Physics to prolbe higher scale”?

27




What is CP violation? The 6 - 1 puzzle:

Two strange charged particles discovered:
the “0” decaying to )

+, o~

the “t”” decaying to " 7w 7T
% Parities of 27t and 35t are opposite, but masses and lifetimes of 0 & T found to be the same

Parity violation discovered 1957 (C.N.Wu et al, then many others, all following T.D.Lee and
C.N.Yang)

6 & T are the same particle: “ K+”

28



From P to CP

P 1s maximally violated In beta decay (no right-handed
neutrinos), however, C Is also maximally violated (no

left-handed antineutrinos)

e C : charge conjugation (swap particle for antiparticle)

* the product CP Is conserved (Landau 1957)

Or so thought, until K — ' [CP(—1)—CP(+1)] was
observed (Cronin & Fitch, 1964)

 CP violation distinguishes absolutely matter from antimatter

N.B. CPT iIs conserved in any Lorentz invariant gauge field theory

29



Evidence for the 27r Decay of the Ky Meson

J.H. Christenson (Princeton U.), JW. Cronin (Princeton U.), V.L. Fitch (Princeton U.), R. Turlay (Princeton U.)

Jul 27, 1964

3 pages

Published in: Phys.Rev.Lett. 13 (1964) 138-140
Published: Jul 27, 1964

DOI: 10.1103/PhysRevLett.13.138

PDG: K° MASS

Experiments: BNL-E-0181

View in: OSTI Information Bridge Server

[= cite [a reference search 3) 4,115 citations o o o
vater We would conclude therefore that K,° decays to
Scintillato two pions with a branching ratio R=(K,~7"+7")/
PLAN VIEW Magnef llliw\‘ (K,° —~all charged modes)=(2.0+0,4)X 10~% where
et -,///I////,//,’@‘ the error is the standard deviation. As empha-
\\9“3‘7{////// 2 sized above, any alternate explanation of the ef-
y / Collimator 7/ - P \‘\) Spark Chamber fect requires highly nonphysical behavior of the
o, . T : - - 0
7 ‘ three-body decays of the K,°, The presence of a
////////// y}/;s,,{lz////// two-pion decay mode implies that the K,° meson
% W%W/I is not a pure eigenstate of CP., Expressed as
e J| | voaner 4@/, K,’=2""3(K,-K,) +€(K,+K,)] then l€|*=R 779
infernal farget Helium Bag Scintillator where 7, and 7, are the K,° and K,° mean lives
Cerenkov and R is the branching ratio including decay to

FIG. 1. Plan view of the detector arrangement.

Citations per year

140
120
100
80
60
40
20

0

two 7°. Using R7 = 3R and the branching ratio
quoted above, €l =2,3%X1073,

https://journals.aps.org/prl/pdf/10.1103/PhysRevlLett.13.138
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To start with ... a Motivation

1. The Universe is empty™ | Anbaryon B Moaryon ~  Marvon o (10_10)
2. The Universe is almost empty* ! n, - n,

Bigi, Sanda, “CP Violation” (2000)

Initial condition ? Would this be possible ?

Dynamically generated ?

Sakharov conditions (1967) for Baryogenesis
1. Baryon number violation

2. Cand CP violation ‘
3. Withdrawal from thermodynamic equilibrium (non-stationary system)

=
= .

So, if we believe to have understood CPV in the quark sector, what does it signify ?
A sheer accident of nature ?

What would be the consequence of a different CKM phase ?

CERN Summer Student Lectures 2005 A. Hocker: The Violation of Symmetry between Matter and Antimatter



1995 to 2023
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Overall, we see a very consistent picture...this could be the end of the lecture 7

lJ1}itl

summen24

levels @
05% Prob

0 =0.158 + 0.009
M = 0.352 + 0.010

A =0.2250 £ 0.0007
A= 0.826 + 0.009

M.Bona@I|CH

P2024
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Evolution over the last decades ....

Historic p values Historic n values
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You can’t make an omelette without breaking a few eggs

Need a collider

Need excellent:
Vertexing
Tracking

PID
Calorimetry
Versatile triggers

Often we can’t have
everything at the same time
...decisions decisions...
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L eptons or Hadrons

@Y (4S) focus on B+, BO All specifies are created B .4.s.c baryons etc.

Naturally there are different challenges/advantages to each a7



Belle

BaBar EMC -
: 6580 CsI(T1) crystal . —— Aer ] Cherenk nt.
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1.5T y N\ — [ |
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144 quartz bars e C§I6§(I‘l)
11000 PMs 0
TOF counter
Drift Chamber . ,
40 stereo layers 8 GeV ‘

Instrumented Flux Return Silicon Vertex Tracker Si vtx. det t »p
iron / RPCs (muon / neutral hadrons) 5 layers, double sided strips 1 ViX. det. 1l K. detection
2/6 replaced by LST in 2004 - 3 Iyr. DSSD 14/1 5L1 RPCAF
Rest of replacement in 2006 - 4 lyr. since summer 2003 YL © 4

Belle || Detector

L H C b & Deal with higher background (10-20x), radiation damage, higher occupancy,
higher event rates (LI trigg. 0.5—30 kHz)

its U pg rades Improved performance and hermeticity

Belle Il TDR, arXiv:1011.0352 KL and muon detector
Resistive Plate Counter (barrel outer layers)

Scintillator + WLSF + MPPC (end-caps , inner 2

\ubartel layers
-A_.-‘!L

A A A A

S Rt Wy -‘ . -
‘ " - U e EM Calorimeter
\ > CsI(Tl), waveform sampling electrc
<4 . s Pure Csl + waveform sampling :
t side view ECAL HCAL — .
| M4 M5 s O > W :
: : m2 M3 —_— : Particle Identification
Tracking system S electrons (7GeV) ~ Time-of-Propagation counter (barrel)
[ | ’ o . . f Prox A ing Aerogel RICH (forward)
\ A - ) — ra
T iy ‘ » e J TS - .

>2 x lower than in Belle
Vertex Detector
2 layers Si Pixels (DEPFET) +

4 layers Si double sided strip DSSD

............. \. W‘/

Central Drift

> Smaller cell size, long leve

5m 10 m 15 m 20 m Z

4

Belle II

Have a look at all the TDRs



But also ...

On the other side of the Ocean

CMX Mini skirt

Silicon tracking

Muon Chambers

Barrel Toroid

Inner Detector

Electromagnetic Calorimeters

Solenoid
Forward Calorimeters

End Cap Toroid

Hadronic Calorimeters

15m

Run IT D@ Detector

Calorimeters Silicon and Fiber Trackers

spiffars
7 RN

)
“rrrssrass

S Muon
System

o
T T I i
\— 2

\

N\ A\

I Q\V .

protons [ E mest—— ' Anti-protons
— i S e 1) ¢

Beamline

Shielding

ECAL
IRON YOKE

Muon System

Endcap
(CSC+RPC)

TRACKER

On the other side of the ring
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The story starts with collisions
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But many things are produced. Some “events” are
more infesting than others. You will often hear the words:

“Signal”: something we care about

“Background”: something we don’t care about but
need to understand very well.
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Production

?/O‘/D The protons produced at the LHC collide.
('P( 0\/ O\/\ V\ But actually the protons contain quarks

and gluons also.

LHC TIIBFZFHIERUET,
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Gluon fusion
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The dominating process is Gluon fusion
And this is followed by “hadronisation”
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Which particle are we going to pick ?

gluon

Standard Model

Remember we don’t find “free” quarks in nature
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INntermediate state
>

Spectator ] K N
' ) KoK

b s
Decay chain /
\

Final states
__ You will need tracking & PID

ARIR D EH

4
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What’s the nature of the “final states?”

REICTEIREDHE (X?







Reconstruction

Event 351483885
Run 187340
Fri, 02 Dec 2016 20:56:29

Event 351483885
Run 187340
Fri, 02 Dec 2016 20:56:

ENESESESEE

Event 351483885
Run 187340
Fri, 02 Degg, 2046205

Quadrivector (E, 5




||||||||||||||||||||||

S
© 600/~ ## =
= 0.2E ' 33
Ry #Wﬁ# + Tiadud ]
w500 * + 01f /:/// ie
: + W#wmi ++ OIO‘S’ 126
: log(Kplus_IPCHI2_OWNPV)
soof- + M
- 5 *° B St (tostsample) || |« Signal (raining sampie) | | -
: U‘ ‘é % 4 ﬂ Background (test sample) ® Background (training sample) —
300— 93 :g 2 3.5 ﬂ(olmogorov-Smirnov test: signal (background) probability = 0.885 (0.665) _Z
- & < E
- ~ it 3f- Jf TE =
200 o I : + §
: c Jpsi_PT 2 _:
- = : 15 + E
'| OO i Q-‘ 0.3 %’ ’ 3 2 ]
- s - : ‘ E
_ g% Dump in your favour Al e :
_ 87 % i3 ' ]
_ %/’é% 1 o0 XL M.-l...|...|...—
0 PR B R B 0.1 : s 08 -06 -04 -02 0 02 04 06
5200 300 5400 550U 5600 5700 005 E// A, £ BDT response
K|+r MGV/CZ o 4 5 'A;]A“ 112 5
(

log(Iminus_IPCHI2_OWNPV)

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%



~ F So.07F _
< 8oF £ | 3
0 n S E
E’ 705_ 5006~ 9.005
505_ ?o.os— g -
; .004
50;— H 0.04f—
sof- } data F signal ooos-  combinatorial
e + : : background
: + 0.02|- 0.002]~
20| - i
W s L
05200'”53106':5403”;%6”5600'&%;00 05-2IOOIII53IOOIIIS4IOOII1155106112')610('.;..;3700 OEI....I....I....I..--I----
KI'T MeV/c? KI'T MeV/c? 5200 5300 5400 5500 5600 5700
KI'T MeV/c?
Depending on the difficulty of the fit, o F
some parameters can be o F ‘
. . . = B |
constrained from simulation etc. S 70f |
A likelihood is minimised to find the best 605 | o
set of parameters that describe the data. : 'y Likelthood fit:
oF Yields + other parameters
F—HET1y TBOLELLEEDHD % 30[-
DT, LWKDODDNFA—F[CFIZal— 3 -oF-
> a v THRZEDEFEWUET, &lCHL, : -
F  To&EBILKTIZEBIRTBINTA—F%= . 10§~
3 ?"_"'5'0)’(""3' o \ g ’\ iy ST AL "
\ ° ; ollet . . 1 &Y WG AL ¢ TTER Y vede
TP 5200 5300 5400 5500 5600 5700

o~ - BUS ] ) - = - - . ) X - o _

49 KI*T MeV/c?



INn real lite, it will look like this ...
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https://arxiv.org/pdf/2402.05528



“» . We take a break for today
and | see you tomorrow !
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