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Abstract
These notes are based on five lectures presented at the 2004 Theoretical Advanced Study
Institute (TASI) on “Physics in D > 4”. After a brief motivation of flavor physics, they
provide a pedagogical introduction to effective field theory, the effective weak Lagrangian,
and the technology of renormalization-group improved perturbation theory. These gen-
eral methods are then applied in the context of heavy-quarks physics, introducing the
concepts of heavy-quark and soft-collinear effective theory. /
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ffective Field Theory

LD: Local operators + non perturbative
(LCSR, Lattice, etc. )



ffective Field Theory
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SD: Wilson coefficients + perturbative

LD: Local operators + non perturbative
(LCSR, Lattice, etc. )
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Photon pole
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To summarize, the resulting Standard Model operator basis for FCNC processes (without
leptons, for simplicity) contains the “current-current operators” (with p = u, c)

" = (5ipi)v_a (Bibj)v-a,
P = (5:pj)v-a (B;bi)v-a, (32)
« : " u S u S d S
the “QCD penguin operators W
Qs = @b)v-a D (@g)v-a, et
q=u,d,s,c,b W g W iCs
Q4 = (8ibj)v-a Z (3jgi)v-a, g
q=u,d,s,c,b
d u d u q
Qs = (Sibi)v-a Z (99;)v+a () (b)
qg=u,d,s,c,b
_ _ d S d S b S
Qs = (Sibj)V—A Z (quz')V+A, (33) \"% \u,_c,t/ \"\'%
q=u,d,s,c,b
the “electroweak penguin operators” (with e, the electric changes of the quarks in units of |e|) u,c,t u,c,t w w t
_ 3
Qr=(b)v-a D, 5ea(@e)vea; ¥/ W/ gy
q=u,d,s,c,b q q q q
_ 3
Qs = (Sib)v-a D 5€a (3%i)v+a, (©) (d)
q=u,d,s,c,b
] d b.s d W S
Qo= (Sb)v-a D, 5€a(@t)v-a, N
q=u,d,s,c,b
5 ¢ ¢ t t
_ _ u,c, u,C,
Qo = (Sibj)V—A Z §6q (qufl)V—A, (34)
q=1,d,5,¢,b MAM\ YL
and the electromagnetic and chromo-magnetic dipole operators b,s d 1 1
emy _ U (f)
Qry = ~gnz Lo F*bp , (e)
sy _ v
sy = —g87T2b 50w Gt bR . (35)

https://arxiv.org/pdf/hep-ph/0512222



The unitarity of the CKM matrix implies A\, + A. 4+ A+ = 0, where A\, = V},pr";. We will use
this relation to eliminate CKM factors involving couplings of the top quark. Note also that
in the limit m, = m, = 0 (which is justified at dimension-6 order) the penguin graphs always

involve Ay = —(A\y, + A¢). The final result for the effective weak Lagrangian reads
Gr | (v) (p) -
La=— 2|2 & (CQP +CQP) + Y utA)CQi|. (36)
| p=u,C 'I:=3,...,10,7’)’,89 -
16

Note that
)‘u VubVJS

Ac VaVi

has a non-zero, relative CP-violating phase. This allows for the phenomenon of CP violation
from amplitude interference in FCNC processes —a phenomenon that is currently being studied
extensively at the B-factories (see, e.g., [1]).

e (37)
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Photon pole - family of radiative decays
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A glimpse of what goes on here
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events / 2.5 MeV

A collection of tensions
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Large effort to develop optimised variables to cancel hadronic uncertainties from LD.
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K*uu the cool kid on the block

(a) Ok and 6, definitions for the BY decay

(b) ¢ definition for the BY decay

The helicity basis
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The K" meson Is a vector with spin 1: 3 polarisations
This allows for a rich angular structure
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The signal - it's a very rare decay yes,
out this Is very clean.
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angular coefficients angular functions

> Angular coefficients are combinations of the different & *"
amplitudes

\

i \ Ii(¢?) ()

Is §[| 24 AL 2+ AR + AR |] sin2 O

lc  |A§|? + |AF|? cos? Ok

25 o [lAﬁ‘ 2+ | AL 12+ |Aﬁ{ °+ \Ai{lQ] sin® O cos 26,

2c  —|A§|? — |AF)? cos? O cos 20,

3 [lA 2 — A2+ |AF)2 = AR 21 sin? @ sin? 6; cos 2¢

The number of amplitudes will depend on the spin structure
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> The K*° amplitudes are in turn dependent on

:ts and form factors (non-perturbative QCD)
: "4
Lv(R) ff reff ff reff .‘V(QQ). 2Mp | Hoff reff\ [ 12N
AV = N\/ﬁ{ [(CS Co™) F (Cip +C5 ] m—— m[;* 2 (C3" + C7eff-')T1(Q)}

...........

e € e e EA q2 ~:
AL = N3 - i) { [ - €5 = (6 - Cifh] o

” mp — MM

i
| qg"(cff—cﬁfaTz(q?)}

llllllllll

...........

JHEP 0901:019,2009

We meet again our favorite Wilson coefficients and form factors
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But how do we relate the amplitude with what we

First we have to pick a basis

fit In the data ?

For this decay we encounter often two the S; basis and the P; basis.

-or the curious there a number of pheno packages where the amplit

want to play with them Flavio, EOS, et al.

udes are already coded If you




. S; basis - 8 CP-averaged observables are extracted from the fit

1 d(T' +T) 9 3 . 2
3 _ 91301 —[F]) sin? 0« (29)
d(T + I') /dq? dcosf; dcosfk d 527 L1
( )/dq | K dolp 1] cos? 0k (11— D sin® O cos 20,
F'[, ‘fraction of longitudinal — E cos® O cos 20, + Elsin2 0k sin” 6; cos 2¢
polarisation of the K*° +[{S4sin 20 sin 26, cos ¢ + [Sslsin 20 sin 6, cos ¢
A . 9 . . .

A, tforward-backward sm 0 cos 0, Elsm 20 sin 0, sin @

asymmetry of dimuon system + Elsin 20k sin 260, sin ¢ + Elsin2 0 sin® 0, sin 2(15] .

23



JHEP 12 (2014) 125, JHEP 09 (2010) 089

7 CP-averaged observables are extracted from the fit (+Fp)

S
AP +TAP
)5, —
P = =|Ay’
Extracted by (]_ — FL) o P[i C = S4,5,8 |
reparametrising the 1, _ 2 Ars VL - 1)
fit PDF in this basis "% 3(1 — F) P _ Sz
=
P3 _ _SQ \/FL(I — FL)



Fast forward to the results skipping all the lovely details about angular acceptance,
simulation reweighing, systematic uncertainties, statistical coverage etc.

ttttttttttttttttttttttttttttttttttttttt
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Some example of the results

l————7— - e — . Theory predictions
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Often many discussion about the predictions, you may have heard of the words
Non factorable charm loops



e LHCbdata © ATLAS data

= Belledata © CMS data
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~1SM from ASZB

JHEP 12 (2014) 125, JHEP 09 (2010) 089,
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Patience often required...
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A couple of words

+  Explore also other B systems.

- Continue the work on the theory predictions.

+ One things which would be interesting is to measure this also with electrons.
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Meéril's talk

28


https://indico.in2p3.fr/event/28579/contributions/126403/attachments/78839/115139/Reboud_030723.pdf

The idea behind a lepton universality test

It’'s very simple
we expect the coupling to the leptons
to be the same

tE cnE@E>>r7Ib,
| L7V EORBEENERALEEHMIFETERT, ¢
L TREFRLLTHLSEVSDITY, /
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Lepton
Universality
tests

L7 Y EREDT R
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From the PDG or equivalent :

T L
FZ —HEE 10009+ 0.0028
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“The” observaple

dl'(B—Hp"p~) 3 9
) B dg
H = AT (B—Hete— )
f ( Zqz ) dg?

R

A powerful probe to look for NP Iin an indirect way.
Today, we discuss three papers: 1705.05802, 1903.09252, 2103.11769

31



[ Hutp™ l
Loop induced [* 4 (B—
O

dq?
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What can we expect in the SM

1605.07633

Rg+[1.1, 6.0]°™ = 1.00-

-0.010ED

Assuming V-A currents

Rk+[1.0, 6.0]°™ =1.0040.01gEp

Ry(Bs) = R;k(B) = R(Ap)a =~ R(Ap)pk = ...~ Rk

1909.02519
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https://indico.in2p3.fr/event/18845/

What can we expect in the SM

Rg+[1.1, 6.0]° = 1.00+£0.010gp

Rk+[1.0, 6.0]°™ =1.0040.01ggp

002 004 006 008 010 012 0.14
q2 ( Ge 2 )

Ry(Bs) =~ Ry (B) = R(Ay)r = R(Ap)px =~ ...~ Rk

1605.07633

1909.02519 a4 https://indico.in2p3 fr/event/18845/



https://indico.in2p3.fr/event/18845/

Why are electrons difficult 7

The electron is a theory. But the
theory is so good we can almost
consider them real.

— R cchord P ?e.t/nnwnf —

AZ QUOTES

| am not sure this is the answer we are looking for
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\

Bremsstraniung

O «1/m2
Energy loss « Ee
Energy loss « material

Match electron tracks to photon clusters in the ECAL
Correct electron momenta by “attaching” photons.

MQEMJ' EcAL

Three categories of events: O, 1, > 1 photons

Different invariant mass shapes due to under- or over-correcting P
ECAL resolution is worse than tracker. ¥ el

Bin migration included in systematics. o~

Uf)s\' Yeam -~

brem o

bream
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Electrons vsS muons

Even after Bremsstrahlung recovery, electrons still have degraded momentum, mass, g2 resolution.

Particle ID and track reconstruction efficiencies also larger for muons than for electrons.
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Get the differences between
electron and muon efficiencies
fully under control

From Vitalii Lisovskyi my former PhD student



What does the data look like™

Narrow B signal
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What is actually measured is

/ql dF +O _) K +,%0) Iu i )d : Measured to be 1 Phys. Lett. B731, 227 (2014)
! C(J/¢Y —ete)
Rl&]& Q(17Qb ¢ +0 (+,%0) 4 ,— X -
/1dF —>K ee)dq2 L(J/Y — ptp)

)- rJ/W 1 e

L M(BEO S KGeOutn) R (B S K0, y(een)

UKD ™ N (B(+.0) o K(+*0)ete-) N V(B(H+0) — K(+x0) J /op(utp—))

Iry to calibrate as much as possible from data



Getting the single/double ratios correct is very painful but it pays off

LHCb9fb~* LHCb9fb™! LHCb9fb ! LHCb9fb™!
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Checked also in various bins of kinematic etc.



Now we ook at the data
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1 he cold shower

14 ~ LHCb Rg  low-¢> = 0.994)0%
Taking a cold shower is good for " 9fp! Ry central-g> = 0.949+0048
your health, here’s why - Ry low-¢*> = 0.927100%
1.2 ! Ry central-g* = 1.0277005%
It’s widely known that a hit of cold water can do wonders for your body. *Kﬁ i
are among an age-old Nordic healing tradition, K 1 O B
the world’s go ice swimming, and by a jolt Q: i I
of cold water for a mood-boost. But when all is said and freezing, what
good does a cold shower actually do? We break down four reasons why O 8 -_
' t Data x> =1.6,p=0812 0 =0.2
Why a cold shower? 06k — SM
The result before that indicated a consistent pattern.
Sut | Ry low-g° Ry central-¢> Ry low-¢° Ry central-¢°

These results are still statistically limited...
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Just for reference - the pre-cold shower picture

1 1 1 1 | 1 1 1 1 I 1 1 1 1
n : RK*+ Belle 2-dimensional fits
: 1.1 < g%2<6.0GeV?/c*
' 1.50 1.50
' —— ACDMN —— ACDMN
: 127 QIS?FPSV 1251 élSJ‘FPSV
A : RK*+ Belle 1004 % Is{li\/[dMN 1.00 - j ?ﬁIMN
: 0.045 < g>< 1.1 GeV?/c* >
: 59 0.50 1 52 0.50
: S S
: R K° Belle 0.25 - 0.25 -
A ' S
; 10< ¢2<6.0GeV?*/c* / ¥
: —0.25 o ~0.25
: -1 O s 150 125 —100 —075 050 025 000 025 _0'52125 100 075 —050 —0.25 000 025 050 0.75
PA : RK*" LHCDb 9 fb 7 g 0 0 0 OO0 gy 000 0 0% 0
. 2 2/ .4
: 0.045 < q- < 6.0 GeV7/c global fit fit to LFU observables + Bs — uu
E R 0 LHCb 9 fb-l B. Capdevila, M. Fedele, S. Neshatpour, P. Stangl Flavour Anomaly Workshop, 20 Oct. 2021 16/18
@ . Ky

' 2
. 1.1 < g2 <60 GeV¥c

L L L L | 1 L L L | L L L L

Phys. Rev. Lett. 126 (2021) 161801, JHEP 03 (2021) 105 RK(*)




Observation of B Kvv
on the side of the world

Results

#(BDTy)
0.92 0.94 0.96 0.98 1.0
3000 : Belle II preliminary B B Kb
: BelleIl preliminary il B* —K ‘tw 100 J L£dt=362fb"! [ BB

x JLdt=(362+42)fb! =3 BORB° i’g L B cc
= 2000 : BN BB~ __g g
'.-_5 Bl Continuum s L t Data
= t Data =l Hadronic tag
O 1000 : &

" Inclusive tag 0

5 : . : — 9
— : [— ':_3‘ 0 - e
| R S 1 . . . .

_E I ! i ! I i ] | i I I —5
1 4 8 o951 4 8 2541 4 8 o5p1l 4 8 25 0.4 0.5 0.6 (B()[;Th) 0.8 0.9 1.0
Grec [GEV? /] :

e Maximum likelihood fit to data using signal and background templates

e Branching fractions: B, | =(2.8+0.5(stat)+0.5(stat)) x 10, B, ., =(1.1*%?__ (stat)*®  (syst)) x 10~

e Forinclusive analysis, evidence for B—KvV at 3.65, branching fraction within 3.0c of
standard model (both considering total uncertainty)

e For hadronic tag, the result is consistent with null hypothesis and SM at 1.1 and 0.6¢ 21

Very interesting result !
Looking forward to seeing impact on phenomenology work
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Belle Il is measuring the rare decay of ,
a B meson, created by SuperKEKB, ‘"
into a K meson and two neutrinos. =

\"

neutrino

o

antineutrino

+ \
e Dy +
positron % B u u
. B meson up quark up quark K meson

The high-precision calculability of the probability of this decay
makes it easy to validate the Standard Model.

Combination and comparison with other measurements

*

15.0

Belle II preliminary
J Ldt = (362 +42) fb~!

SM

Hadronic
Inclusive
Combination

§=B/B,,

Loonb Avgrage  Privately produced comparison
: ——— Belle II (362 fb!, Combined)
1 2.440.7 This analysis, preliminary
——O—:—— Belle II (362 fb!, Hadronic)
1.14+1.1 This analysis, preliminary
S Belle II (362 fb!, Inclusive)

2.840.7 This analysis, preliminary
Belle II (63 fb!, Inclusive)
1.9+ 1.5 PRLI127, 181802

*
Belle (711 fb!, Semileptonic)

1.0£0.6 PRDY6, 091101

*
PY Belle (711 fb!, Hadronic)

3.0+£1.6 PRDST, 111103

Babar (418 fb'!, Combined)

0.8+0.6 PRDST7, 112005

Babar (418 fb!, Semileptonic)

0.24+0.8 PRDS7, 112005

Babar (429 fb!, Hadronic)

1.5+ 1.3 PRDST7, 112005

)

¢

Fmejmine

| L L L | L L PR | L L R L

0 2 ! 6 8 10
10°x Br(BT—K " wp)

Inclusive and hadronic measurements are combined, taking into account common correlated
uncertainties. The resulting branching fraction is

B .(B" —K" w)=(2.4+0.7) x 10~ =[2.4 £ 0.5(stat)"*>_, ,(syst)]x10™

significance of observation is 3.6 the result is within 2.80 vs standard model

Some tensions between inclusive and semileptonic results for Belle and BaBar, however
overall compatibility of the results is good with x?/dof = 4.3/4

er limits only; branching fractions are estimated using published number of events and efficien

Belle reports u
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More information



https://indico.desy.de/event/34916/contributions/149769/attachments/84417/111854/Belle%20II%20highlights.pdf

R(D*)

Let’s continue... charged currents

04
m Ax* = 1.0 contours
Prelim. 2023 Sp ’ Jo am 'emk
035 BaBarl2 o b
Bellel5 Hun 10 New P2
------------- . . .
0.3 :\
LHCb23 . [LHCb22 =
? \\\s ) \ ,' ' l
0.25 -~ Bellel9 /|
------------ > 3
_I T - ‘ |
B ‘ll - l 7 ) ( D) ) ( b > ’
o PRD 05 2017 115008 World Average
0.2 4 HFLAV SM Prediction  JHEP 1712 (2017) 060 R(D) =0.356 +0.029, LV
_ . PLB 795 (2019) 386 R(D*¥)=0284 0013
R(D) =0.298 = 0.004 PRL 123 (2019) 091801 (= _())';7 bocal
R(D*) =0.254 = 0.005 EPJC 80 (2020) 2, 74 g(\ 3-) N 259,
PRD 105 (202234 034503 A/ = 270
0.2 0.25 0.3 0.35 04 0.45 0.5 0.55
R(D)
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Why are decays with 7 in the final state difficult ?

The first discussion we had with G. Isidori to prepare the lectures was in June...
Obviously | finished this lectures a way hours ago.
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Thank you class of 2023 CERN Fermilab

a{ﬁ@

Why are tau leptons difficult ?

Tau leptons, also known as tau particles or tauons, are not inherently difficult in the sense
that they are inherently complicated or hard to understand. However, there are certain
characteristics and properties of tau leptons that can make them challenging to study and
detect in certain experimental contexts. Here are a few reasons why tau leptons might be

considered "difficult™:

1. Short Lifetime: Tau leptons have a relatively short lifetime of about 2.9 x 10*-13 seconds.
This means that they decay into other particles very quickly after being produced in particle
collisions. Detecting and studying these decay products accurately requires sophisticated

experimental setups and techniques.

2. Heavy Mass: Tau leptons are much more massive than their lighter counterparts, the

electron and the muon. Their larger mass affects the kinematics of their interactions and

decays, making their behavior more complex to model and understand.

3. Rare Processes: In many particle physics experiments, tau leptons are not as commonly

produced as other particles, like electrons or muons. This rarity can make it challenging to

collect a sufficient number of tau events for detailed studies.

4. Neutrinos: Tau leptons often decay into other particles, including neutrinos. Neutrinos are

extremely difficult to detect because they interact very weakly with matter. As a result, a

significant portion of the energy and momentum of the tau's decay products might b ‘G Regenerate

carried awav hv nelitrinnse makina it challenaina to acciiratelv reconstriict the initial taii's
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T o ata ot (7o,

® Measuring 7 decay position key to

Direct measurement of R(Xc) reject dominant backgrounds
High statistics ® High purity sample
Backgrounds from D must be e 7t — 37~ dynamics is very specific

r kgroun
controlled well = more control over backgrounds

. ® R(X.) requires external inputs
Sensitive to D**,u_yu (Xc) req p

® | ower statistics

Missing energy much easier at GDP & B-factories
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Welcome to the world of template fits

W
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171

3D template fit to
> q° = (pg — Pp»)?

> mios = (PB — Ppt) — Pu)’
» L energy of u

[S—
-
llllll

- x10° °€[9.35, 12.6] GeV*/c* LHCb
. D*+‘u_

Candidates / (0.3 GeV?/¢?)
o

Candidates / (75 MeV)

S = DN W

" ""i_lO N
m2. (GeV?/c?)

O
-

[\
-

[—
-

-

10> g?€[9.35, 12.6] GeV?/c* LHCb

: D’u
~

::i—_

103 ¢*€[9.35, 12.6] GeV?/c* LHCb
. i D™ u-

S = N W

1000 2000 T
E}, (MeV)

R(D) = 0.441 4+ 0.060(stat) £ 0.066(syst)
R(D*) = 0.281 0.018(stat) T 0.023(syst)

Agreement with SM at 1.90

t’s just a Tuesday for my colleagues from ATLAS and CMS

—— Data (3 fb™)

B B-D v

" B—D1v
B—D"'DX

B 3D uv
Comb. + misID

B B—D uv

B B—-D"uv

B B—>D"uv
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Why does it take so long ?

S Dante 9 circles of Hell

MC production N r :

nTuple creation

MC reweighting

Cut-based selection

<
\

\

— -

—

Multivariate selection \ External measurements

I

I

I
I
|
|
|
|
|
|
|
y |
|
|
|
|
|
|
|
|
|
|

Normalisation fit Efficiencies

any
underlying
tracks !!!

\4

Result



o0
S
S
)
I

LHCb Preliminary -
2 fb!
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O 6000
e
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= 4000
70]
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O
0
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- I T T ]
— 10000 LHCb Preliminary
S 2 fb’ ]
g _
0]
(D) -
=
2
2 5000
3]
QO
0
0.2 0 0.2 04
Anti-D; BDT output

:

Candidates / (0.25 ps)

LHCb Preliminary A
2 fb’!

5000
0
0 0.5 1 1.5 2
t, [ps]
BaBar 2012, had. tag
0.332 +0.024 = 0.018 =
Belle 2015, had. tag
¢ Data 0.293 0.038 = 0.015 ¢
Belle 2017, (hadronic tau)
0.270 + 0.035 = 0.027 ®
- TOtal LHCb_2623, (_}1a;1ronic tau) (
0 - 0257 0012 +0.018 NEW!
- B —)D TV Belle 2019, sl.tag :
- T 0.283 +0.018 +0.014 o
*k __4 !
B—D"t V. 6581 0,018 = 0.024 g
1 B—=D"D!(X) 0284 £0013 ——
- B D*"D"‘ X glggi\vgrggg "l*' '
—_ 254 0. ;
( ) (1)312{?7 950((%)317) 115008 ‘-.'
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— —0 EPJC 80 (2020) 2, 74 :
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- Comb. D gl;gsc 8%(0210%22) 12,1141 i
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| L] . | | | |
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~
*
S - m Ay = 1.0 contours
=~ — |__Prelim.2023__|
0.35 BaBar12
E Bellel5
03 .\
LHCb23 . LHCb22
‘ ~
o
0.25
-
B Bellel7
- ClIC PRD 94 (2016) 094008
PRD 95 (2017) 115008 World Average
02— 4+ HFLAV SM Prediction ~ JHEP 1712 (2017) 060 R(D)=0.356 £0.029__ ,
- U Roy-omsso0n mEmsann R(D¥) = 0284 = 0015,
R(D¥) =0.254 = 0.005 EPIC 80 (2020) 2. 74 p=-0.37

P(x%) =2
PRD 105 (2022} 034503 (%) =25%

02 025 03 035 04 045 05 055
R(D)

® [ncluding this result, the world average becomes
R(D*) = 0.284 + 0.013; R(D) = 0.356 £ 0.029 [HFLAV]
® The deviation w.r.t. the SM is at 3.20 for the combination of R(D)-R(D*)

Have a look back at G. Isidori’s talk about the implications !
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L HCb enters the game of semi-leptonic angular analyses

D* rest frame

FP" value extracted for the 3 g° region

q° < 7GeV?/c* -
qg° > 7GeV?/c*
qzintegrated ;

0.51 £+ 0.07(stat) &+ 0.03(syst)
0.35 + 0.08(stat) £+ 0.02(syst)
0.43 + 0.06(stat) £+ 0.03(syst)

-1

@ All values are found to be compatible with the SM

within 1o

1800 T T T T T T T T T T T T
7 9] ) =
& . 7 O . -
< 1600 LHCD preliminary 3 B 5000 LHCb preliminary -
2 1400 3 b~ = 3 2 fb? X
= o &
3 : ; . . - S 4000 . . : ,
© 1200 g* < 7 GeV?/ct qg? > 7 GeV?/c? O qg? < 7 GeV?/c? g* > 7 GeV?/c?
1000 3000
800
600 2000
400
1000
200
0 1 0 -1 0 1-1 0 1
cosfp

0 1-1 0
cosfp

VT wold b e 1o Rom He olfen

a».%\.(h« dosrvadfe..
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Test on forward-backward asymmetry: Test on D* longitudinal polarization fraction:

A ]()l dcos 0,dI’/d cos 0, — [i’l d cos 0,dI' /d cos 0, 1 dr 3 (F o2 ] — Yy )
B = — 08 | S
. f()] dcos 0,dI'/d cos 0, + fi)l d cos 0,dI" /d cos 6, ['dcos by 2 = & 2 v
AAFBz.AgB—A%B AFL:FLL—FE
Arp = 0.219 £+ 0.011 4+ 0.020, Fr = 0.521 £+ 0.005 £ 0.007

Abp = 0.215 4+ 0.011 &+ 0.022,
AAFB — (—4 S iG] = 18) X 10_3

Belle 2
Very appealing to be able to do Lepton Universality tests from angular analysis
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What else?

2 -
— \ 4 E
QO -
30 R S orpl
) = X E ‘.
e = * X v A ' E i ]
7 B y 10°F ¢’
4y 10—5 e ' ..................... ﬁv ............. E - %
O = X : €
E : * * 10—10 2 | 2 " M 2 1 2 M M 2 | 2 M 2 2
L. (76 Lo oeenerreeennreesnssesssssse s ssssss s sssss s g ssssessssne 2012 2013........... 2014, ...
al = w
- =
') —
j 10—7 =r .............................................................................................................
O =
X sl
o 10°E"| ¥ cLEO /\ Belle
Q) = | * ARGUS BaBar
=N AA Y EM LHCb
£ 107 E| % coF ¢4 cms
—J = | VV L3 () ATLAS
1010 | AA DO ®® CMS+LHCb
1985 1990 1995 2000 2005 2010 2015

Year



N l ' ) : s l L ' ) L -
: LHCb —e&— Data :
40 L 4. 9 fb™! Total =
E — I g
BDT =20.5 o B—u'u 8
== B'Sutu- -
30 il :
A - :
R B—h'h~ .
20 :- VU 4 X,—~huv, =
: I VR | & T BO(+)_”[()(+)#*#_ :
. iy R emeses Combinatorial -
o T AL E
:-.':::::..,,:}:.:.;.. iy ‘ o + =
E "_:'_'..",...::.. ------ = . 1
O E —
= | 1 1 1 1 | i . " )

5000 5500 6000
My (MeV/e?)

-9
x10
l’\ 0.7 . | ’ 1 ¥ I . I v 1 . 1
~ § - contours correspond to 68%, 95%, 99% CL regions -
3 0.6 T LHCb
T - 446" -
(- N e
0.5 N =9
04 =
0.3 -
0.2 =
0.1 a

: LN\ \5 . s/, | e 0-9
0 1 2 3 4 5 6
B(B)—uu)

LHCb, PRL 128 (2022) 041801

Entries/ 0.05 G

H
o

140

d

N

o
T]TTI]ITTI

80

(o))
o

| . ‘

CMS 140 fb" (13 TeV)

_l'lill"lll'll]ll'l]lIYI]'llil""]'ll']l"']i'l

" Dgta e Fgll PDF

Y By = p*p” B33 B — pp”

....... Combinatorial bkg ~ «-+-- Semileptonic bkg
-.== Peaking bkg ®

m,..- [GeV]

L

Al-?_gll11111111111111111111111

0955152 53 54 55 56 57 58 5.9

x10° CMS 140 fb"' (13 TeV)

.........

-4

 1x107°

B(BR® — u*u")

CMS, PL B842 (2023) 137955

01 2 3 4 5 6 7

Events / 40 MeV

B(B® — u' u)[10°7]

18 1 1 1] I L i U ' 1 L L l I i | ' 1 ] L I l | poii|
16 ATLAS e 2015-2016 data =
Vs=13TeV, 26.3 fb™ —— Total fit =
14H 0.4163 < BDT <= 1 — - Continuum background —
108 | b — u* u X background _:
----------- Peaking background -
10 ®sorms Bg-—)u’u'-»Bo—)u’p'__
= ] ~
8 -
- b ? =
6 |~ g &
: * . o'
4| - ' E
b NI , l
| I Ji 1 : g ot AL J esscipy "L*L pecp o o TF ol 14:1
91800 5000 5200 5400 5600 5800
Dimuon invariant mass [MeV]
B |l L 1 l 1 ) 1 I l |l L 1 U ' 1 LI L l 1 L 1 L I l LI L ' L L L Al
1.2 =
- ATLAS —— 2015-2016 data g
1 - i
& Run 1 + 2015-2016 data 7
0.8 :_ T e R Likelihood contours for —:
06 s e & 2 Aln(L) =2.3,6.2,11.8 -
04 | e el -
02F 1 i.TTA Ty, —
O B "l. [ | l\‘ ‘1-‘ 29 .1 :
_0'2 — ‘TR ‘ | '.l'\l\.l | T 1\;
0 1 2 S 4 5 6 7

R(BY — u+ A 1079
ATLAS, JHEP 04 (2019) 098

56



Time Evolution of BR(K* — nttvv)
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Fairly old plot but still makes the point
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Straub, 1012.3893



Yes but what about New Physics?

POURQUO FAIRE S\IMPLE QUAND
ON PEUT FARE cOMPLIQUE 2/
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G. Isidori — Flavor Physics Theory (2" Lecture) 2023 CERN-Fermilab HCP Summer School

~Speculations on present data. from EFT to the UV

Which mediators can generate the effective semileptonic operators required
by EFT analysis? Not many possibilities...

—---
w .~

' , s\‘ Leptoquarks (both scalar and vectors)
2y : h d - onl
. . ave a strong advantage: only
‘ LQ : semileptonic operators at the tree-level
\‘ ' (no four-quark operators — strong bounds
k% o from meson-antimeson mixing)

------

Simplest option:
U;m LQ of the Pati-Salam gauge group:
. SU(4)xSU(2). xSU(2)x
Qa C V
Fermions Q’ - 7T T ]
in SU@): | Q SUQ3).. 0 0 LQ Lo
n SU@4) ~ |27 C o B
- 0 0] | LQ 1L 0 -l




G. Isidori — Flavor Physics Theory (2" Lecture)

Implications & future prospects

~N

/

2023 CERN-Fermilab HCP Summer School

“It doesn't matter how beautiful your theory is, it doesn't matter how smart you

are. If it doesn't agree with experiment, it's wrong.”

[Feynman]
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G. Isidori — Flavor Physics Theory (2™ Lecture)

~Implications & future prospects

2023 CERN-Fermilab HCP Summer School

If the ideas I sketched before are correct (even only in part...), we can expect
several interesting new phenomena, at both low and high energies

I The U, exchange @ high-energies

[very general, directly connected to the EFT analysis]
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G. Isidori — Flavor Physics Theory (2" Lecture)

~Implications & future prospects

2023 CERN-Fermilab HCP Summer School

Aurelio Juste [Moriond EW '23]
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Including interference w/ SM bkg
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Need to clarify interference issue for future interpretations

LQ-b-t: Comparison of recent results
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To almost conclude

- We need New Physics !

- Flavour Physics is a super cool laboratory
to search for it.

- So far the Standard Model seems to be
putting up a good fight.

»+ We can only reply on the imagination of
physicists to make the next breakthroughs.

+ There are a number of experiments lined up
to pursue this adventure !




Good practices for PhD students

If one day you become a PhD student

o Keep an eye on arXiv.

® Check the theory and experimental summeries talks at conferences &
workshops

® Check the review articles.

® Check other submitted PhDs manuscripts.

® Don’t be shy and ask questions.
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And please please please

® Log your work, it does not matter if you use notebooks,

_ ot code
software, whatever. Hou dou.van sone. co

_ Ho tdm inslolde d smH’ub
® Keep track of everything you do, we forget details, we forget

obvious things. We always think that we will remember. - Hod - podiad s fhat
. . . — When \Jow todad /dopped
® The amount of information to store only increases, so help o {fusey
your future you and write down things. — o

https://www.yasmineamhis.com/post/track-review-keep-or-toss

https://www.yasmineamhis.com/post/3-tips-for-new-phd-graduates

3 tips for new PhD graduates

Track, review, keep or toss.
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A colouring book for children will soon be available at the CERN Science Gateway

e monde mysterieux de

! "‘ ) Yo ',
T TRCH

ttttt
.

et ses droles de quarks

Un livre plein d'activités et a remplir de couleurs !

More Information yasmineamhis.com



http://yasmineamhis.com
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What are we doing here?

Understanding the origin of the universe

Searching for Physics Beyond the Standard Model

And how’s that working out for you?




O Helicity_angles.py — angular_analyses [SSH: Ix3.lal.in2p3.fr]

@ EXPLORER «++ pKmm_X_M_WithAcc_HQlimit_1Dplus2D_All_below-JPsi3.png Helicity_angles.py X [IJ - ‘ | . _th '_t . H _t b _t_t b
> PORTS ewp-lb2pkmumu-angular > angular_acceptance > Helicity_angles.py al lg II l ere, I WI ge e er I I Iay e

> OPEN EDITORS 'B_psi125_DTF_M',
'KK_psi2S_DTF_M',
'Kpi_psi2S_DTF_M',

v ewp-lb2pkmumu-angular 'pKswap_psi2S_DTF_M']

t’s a chance to do things with your “hands”

v ANGULAR_ANALY... [3 B U &

v angular_acceptance
Add_truth_var.py
AFitRelBreitWignerPdf.cxx
AFitRelBreitWignerPdf.h

R ES ['%s' %v for v in variables]
br_names branches

get_acceptance_correlated._... br_var [array('f',[0.]) for br in br_names]

get_acceptance_factorized_py br_bra [t.Branch(br, var, br+'/F'")

get_phi_acceptance.py for br, var in

: N~ ~a0 L 24 Sqrt[at, m1?, m2? Sqrt[a[t, m1?, m2? 2
o prlnt( adding branches: FullSimpIify[ [ [ ’ ’ ]] [ [ ’ ’ ]] /.1-1,Assumpt1'ons-.{t>(mlom2)2>0,l>6,q0>8}]
Helicity_angles.py t (t-s) (t- (mlem2)?)t 2Sqrt[t) q@
plot_correlation.py v_p = ROOT.TLorentzVecto Integrate| %, t, Assumptions » {t > (ml+m2)?, m1 >0, m2 > 0}]

o - Liminf = Limit[%, t Ass tions 1>0,m2>0}) 7/ FullSimplif
PlotEfficiencyPerPKMassBin.... v_resonance = ROOT.TLoren i WL, €2 @, Assumpions - (81> 9, &2 > 03] 7/ TULEOWwEITy
limthr = L‘imt[’c\, t -+ (ml+m2)?*, Direction » "FromAbove", Assumptions - {ml1 > 0, m2 > 8}]

PlotEfficiencyPerPKMassBin... v_res_true = ROOT.TLorent (s - (m1+m2)?)
PlotEfficiencyPerPKMassBin v_dil_true = ROOT.TLorent aan TR Sty

2in
README.md ' EBUG CONSOLE i (m1*. (m2?-t)7-2m1? (m2? . t))*"
— 2q0? ((ml+m2)?-t)2t? (-s+ t
RooRelBreitWigner.cxx .

[amhis@ssh-centos3 angular_analyses]

RooRelBreitWigner.h 1 | (m1-m2 s m1®s (m2% - t)?-2m1? (m2? .+ t ml? -2mlm2+m2?-s)?Log(s -t ml-m2) (ml*+m2*-4mlm2s-m2?s-ml1? (2m2%?+s)) Log(t
. o 252 . 2 4 2 2 2 2 ml + m2)3
RooRelBreitWignerWBF.cxx 2q0°s ml+m2)t /m1* s (m2% - s)? -2m1? (m2%+s
S OUTLINE ml? - 2mim2+m2?-s)?Log|ml*+m2% -m22s-m22t+st-ml? (2m2?+s+t)+ ml*s (M2?-5)2-2ml1? (m2?.s ml*+ (m22 - t)2-2ml? (m22 .+t
\ ml*+ (m2?-s)?-2m1? (m2%+s
> TIMELINE
. . ml-m2) (ml*+m2*-4mim2s-m2?s-ml? (2m2?+s)) Log /ml*«m2? (m2? - t mls m2?2 -t)“-2ml? (m2? + t mi? [-2m22 -t ml%s (m22 -t)?-2ml1? (m2?2. t
X SSH: Ix3.1al.in2p3.fr  §° angular_analysis* < ®O0A0 WO -
ml + m2)°
1 : - : 4 ml m2 ml*+ (m2? -s)?-2ml? (m2?.s
is ml* s (m2? -s)?-2m1? (m2? +s) « : 4mlm2 i Log(2
2q0? s ' ml«m2)“-s
4ml’s ilog(2 4imls+«ml” (-87+41ilog(4 2iml*s (-2+3 17+ Log(8
m2° i Log(2)) + (Tml”-s i Log(2 - '
M t b bl ml + m2 ml + m2 ml + m2)?
OS1 prooanly ... ,
24 (ml-m2 ml? -m2%)? - (m1? + 4mlm2+m2?) s) Log(m2 i ((ml-m2)°-s)“Log|/-ml°-m2°+s+ ml%+ (M2 -5)°-2ml° (m2°+s
ml + m2)* ml. (m22-s)?-2m1? (m2%.+s
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Thank you for your attention
f you have questions yasmine.sara.amhis@cern.ch



