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Discoveries and precision measurements

What was the last discovery of a fuindamental
particle / force that was not hinted at indirectly?
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Figure 2: Distribution of fractional losses in 1 cm of platinum.




I The Standard Model of particle physics

Years from concept to discovery
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 Indirect searches for New Physics

* High energy:.
‘real” new particles can be produced and
discovered via their decays
— Discovery of the Higgs boson at the LHC - completion of the SM
— Tested scale : <10TeV

* High precision:
“virtual” new particles can be seen in quantum loops
— Higher mass scale reachable (up to ~100TeV)

Direct and indirect searches are both needed,
both equally important,
and complement each other

nCp



~ Searchesfor New Physiosin Flavour

Contribution of New Physics as correction to the Standard Model

Standard Model New Physics

§ W , b q b
I
b ,;“Ct'.q s b
b 'I,UCt\\.S +
/C B A
. SM NP
/qBSM_/qO m2 Az
N Y,

What is the scale of A\p? What is its coupling Cyp?




~ Bamplesfomthepasti

GIM Mechanism

Observed branching ratio KC—upu

BRI > e BT) s e K°
BR (K, — all) =

In contradiction with theoretical
expectation in the 3-Quark Model

! |

Glashow, lliopolus, Maiani (1970):

M ~ sing, cos 6,

—-sing,

Prediction of a 2" up-type quark, KO
additional Feynman graph cancels

the “u box graph”.

cosé,

M ~ —sin 6, cos 6,




~ Ecmplesfomtepastil

ARGUS Experiment, 1987
Observation of B%-B? Oscillation ey m, > 50 GeV
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Higgs knowledge 2012:

Electroweak precision measurements at Z-pole and

direct searches at LEP, Tevatron & LHC

6 _ March 2012 m. = 152 GeV
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~ ThewaytotheHiggsboson
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What do we learn — process to discovery

« GIM: anomaly seen in data (too low K° — p*u rate)
- anomaly interpreted as “heavy new physics”
- charm quark mass constrained to 1.5-2GeV
—> direct searches confirm predicted charm quark (1974, m_~1.28GeV)

« Top: missing quark predicted by theory (CKM)
—> precision tests at DESY + LEP constrain mass m, = 178+20 GeV
—> discovery at Fermilab 1995: m, = 180+£20 GeV

« Higgs postulated to explain fermion masses, prevent W scattering
- precision measurements at LEP my =94 *29 .
- discovery at CERN (ATLAS, CMS) 2012: my =125+ 0.6

 Anomalies in data tend to show up first
- with model assumptions theory predicts new physics / particles
- these new particles need to be discovered to confirm model

22.7.2021 11155 ish



Part 2: Heavy quark flavour physics

HENIA

22.7.2021 12/55



Flavour at electron and proton colliders

CMS

ATLAS

EXPERIMENT

« Defined initial state: « Complex hadronic environment

— Low trigger bias - Very big bb (and ct, t*1°)
— Full ever)t re_construction, production rate
low multiplicity

— Allows selection of inclusive
and invisible decays

— Experimentally: e-=

— Specialized on (very) rare and
clean final states
- then cleaner than e*e-

— Leading for decays with muons

B—) + ', B—)K* + ', BS—)J/
« Excellent for decays with difficult HH ol vo

signatures - Trigger and reconstruction are
~- B— t*t, B— v, BoK*wv, .. significant challenges, specially
— 1~ decays (LFV) for ATLAS / CMS

22.7.2021 13155 sk
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o Status of indirect searches

— Electroweak precision observables
—> a lot to learn in Higgs couplings, consistency of the SM

— Flavour

« This talk focuses on flavour physics:
Search for new heavy particles in measurements of quantum effects

- N New
b particles

« Review of current flavour data:
Where do we see inconsistencies between Standard Model prediction and
measurement (=anomalies) ? Where not?

rach
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~ Outine of this talk: Search for anomalies

1. CP violation and CKM precision measurements

2. Charm physics — discovery of CPV in charm

3. Rare decays — an intruiging pattern of anomalies




. TheCkMmarix

Ve describes the rotation between weak (d’, s’, b’)
and mass eigenstates (d, s, k

Couplings of the (d" (v, v. V,\(d
charged current: s'l=|v, voov, || s
\b0') \Vu Vi Vo )\b)
Magnitude: Complex phases:
Vil Vil Vi 0.97428 0.2253  0.00347 Vi [V Viple ™
Val Vil Pl|= | 0.2252  0.97345 0.0410 Vel Vel |V
y | ] W)\ 0.00862 0.0403 0999152 Ve ™ =Vile® |V

2272021 16/55 (yisk
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S CkMmamxl

« CKM matrix is complex and unitary

* Four independent parameters
— Fundamental constants of nature that must be measured

VSKM \A]CKM =1

» Reflects hierarchy of quark transitions

d s b
r )
U . B - Why the ranking?
We don’t know (yet)!
| -
If you figure this out,
t - . . you will win the nobel
\- J prize

A=sin(06.)=0.23




~ Deriving the triangle interpretation

e Starting point: the 9 unitarity constraints on the CKM
matrix

(V*ud V*cd V*td | (Vud V;lS I/ub \ ( 1 O 0\
V+V — V*us V*cs V*ts I/ca’ I/CS I/cb = O 1 0
\V w Vo th/ Va Ve Vo) ANO)O 1)

e Pick (arbitrarily) orthogonality condition with (i (3,1)

Vz;aVud T chVcd T VzZth =0




~ Visualizing the unitarity constraint

e Divide all sides by length of base

(orm)
ViVia _ (1L -(I-p-in)
vV, (p+in)
( 0/ 0) ch Vcd 1 ( 1/ 0)
VCZ Vcd -

e Constructed a triangle with apex (p,n)



~ \Unierytiengles

CKM matrix is unitary:

e NG 5 e
/Vuqub +VeiVey +ViaVip =0 (db) (dbysbw /Yud?at)
ViV ViV

VV., +V.V,+VV, =0 (sb)

us” ub cs' ch ts’ th

VV V.V +V.V =0 (ds
ud"” us cd” cs td" ts ( ) (S‘b) V‘ (C.‘,)
i B CS Y s 478

Vudl/t; + VusI/ts + V:JbI/t; = O (Ut) V’:V’b VC:V'S

Vchtd + Vcsl/ts + Vcthb = O (Ct) (dS)Vu:]Vus o V.;Vcd (u%)
VV. +VV +V,V, =0 ] —

ud” cd us' cs ub” cb (UC k-‘VC‘;V“ V,;V,_, V“_,VCs I/u.by

All 6 triangles have the same area, a measure of CPV in the SM
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U R e vs oop

« Tree Processes only * Loop processes only

. N SM dominant New Physics is "
| W - no new effects expected to appear
| expected in loops

22.7.2021 23/55



U R e vs oop

« Tree Processes only * Loop processes only
. N SM dominant New Physics is "
: W = no new effects expected to appear
| expected in loops
V. /¥ By ¥ Jt—a—ﬁl Exl SIN2B, Am,, Am_
o:s ;—3 () =30 o:s ‘é | ' Al am -~ E'K \ IE;Q#—%
:g = "= TN Xe-c- 3
% 0.3 E—u . C _E
0.1 : | 0.1 . ' :;
04 0.2 0.0 0.2 5 04 0.6 0.8 1.0 04 0.2 0.0 0.2 S 04 06 0.8 1.0

Apex known with 10-20%, aim at <1%
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~ Outine of this talk: Search for anomalies

* CP violation and CKM precision measurements

e Charm physics — discovery of CPV in charm

« Rare decays — an intruiging pattern of anomalies




1956

Parity violation

T.D. Lee, j
C. N. Yang and ‘Wf’#
C.S.Wu et al.

1963
Cabibbo Mixing
N. Cabibbo

1964

Strange particles:
CP violation in K
meson decays

J. W. Cronin,

V. L. Fitch et al.

1973
The CKM matrix

M. Kobayashi and &

T. Maskawa

2001

Beauty particles:
CP violation in B®
meson decays
BaBar and Belle
collaborations

4

'

2019

Charm particles:
CP violation in D°
meson decays
LHCDb collaboration

A. Carbone, CERN seminar, March 19

LI_IC



. (Chemphysis

« Charm mesons D° = (c) only first two generations
—> in Standard Model no CP violation in lowest order

« CP violation in charm sector (was) not observed
— Only way to test CP violation in up-type mesons
— complementary to K and B mesons

« LHCb has recorded huge charm samples, eg. 1billion D°>K*r-

 Recent:
Search for direct CP violation with D> K*K- and D°>rn*r-events
— SM expectation small: O(10-3 — 10-4)
— LHCb measurement with full dataset > ~100M signal events

_ID° > f)-T(D > f)
(D’ = £)+T(D - f)

Acr(f) withf =K K*and f =n"n?

nCp



~ Measurementof CP violation incharm

Acr(f)

(D" > f)-T(D —f)

— — : — -+ — =t
D" — )+ 1D — /) withf =K K and f=n"n

* Need to determine the initial flavour of the DO / DObar = Tagging

/ Tag the D° flavour at production with the charge of \
the soft pion or the muon

\ Large IP /
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TR observable T

muontag ¥

. Experimentally:_ o
el A 4 ) =D ) ()
R N(D°— f) + N(D°— f) PV._/'E;’F e

Valid up to 0(1079)

—> Ao (f) ~lAcr (HI+HAD(f)

Physical CP
asymmetry

B production
asymmetry

Independent on
the final state

| u~ detection "
asymmetry |

D° detection asymmetry

= equal to 0, since K"Kt and nr*
are symmetric final states

 Difficult to control to the level of 10-3-10-4

* AAcp is a robust combination of two asymmetries:

AAcp = ACP(DO — K_K+) — ACP(DO — 7T_7T+)




- DiscoveryofCPvioaton

* Recent Run 2 analysis measures:
AAT 88 = [-18.2 £ 3.2 (stat.) & 0.9 (syst.)] x 107*

AALE — 9 + 8 (stat.) & 5 (syst.)] x 107
Compatible with previous LHCD results and WA

« Combination with LHCb Run 1:
Ad,, =(-15.422.9)x10™

CP violation in charm observed at 5.3c




- Discovery of CPV in charm — Anomaly 7?2

« SM prediction broadly compatible: 10-3-10-4

Golden et. al., PLB 222 (1989) 501 Feldmann et al., JHEP 06 (2012) 007
Buccella et al., PRD 51(1995) 3478 Li et al., PRD 86 (2012) 036012
Bianco et al., Riv. Nuovo Cim . 26N7 (2003) 1 Franco et al., JHEP 05 (2012) 140
Grossman et al, PRD 75 (2007) 036008 Brod et al., JHEP 10 (2012) 161
Artuso et al., AR Nucl. Part. Sci. 58 (2008) 249 ~ Atwood et al., PTEP 2013 (2013) 093B05
Khodjamirian et al., PLB 774 (2017) 235 Hiller et al., PRD 87 (2013) 014024
Pirtskhalava et al., PLB 712 (2012) 81 Grossman et al., JHEP 04 (2013) 067
Cheng et al., PRD 85 (2012) 034036 Miiller et al., PRL 115 (2015) 251802

Buccella et al., arXiv:1902.05564 (2019)

« But no agreement amongst different SM predictions
- More theoretical work needed to understand
if this is anomalous or SM like ..




~ Outine of this talk: Search for anomalies

* CP violation and CKM precision measurements

e Charm physics — discovery of CPV in charm

« Rare decays — an intruiging pattern of anomalies




- Testngbosectmnsifons

b — s utu base diagram

* Purely leptonic
s — "add nothing”

T
b ]
773'\< '  Semileptonic

wt — add d quark as spectator
> B0 — K*0 Tl
— add s quark as spectator
2 By— o pfu-
— add u quark as spectator
9 B—i—_) K+ “+l"l’_

 Ratios:

— Compare muons to electrons

ncp



h | Golden channel:

Theory prediction: Standard Model

Standard Model +

| decay |  SM__ B o )
B— ptu 3.5+0.3 x 10° i | Z _
BO— ptu 1.1£0.1 x 10-10 § < W 4

SM: Buras, Isidori et al: EPJC72(2012) 2172 Left handed couplings
Mixing effects: Fleischer et al, PRL109(2012)041801 - helicity suppressed

Discovery channel for New Phenomena

=> Very sensitive to an extended

scalar sector
(e.g. extended Higgs sectors,

SUSY, etc.)




~ Upodaemeaswrement

LHCB-PAPER-2021-007

- NEw/
> F LHCb T ]
é) 40 . 9 fb! Total ~
A BDT 20.5 B 5. ]
o~ .- B B E
3 30 Preliminary —= e :
e | G EEED B—h*h" -
A - -
L2000 N Y X,~huv, —
:_8 ey ‘ ______ BO(+)_>H0(+)M - i
Fg N }‘ ' ------ Combinatorial ]
< 10 . | -
= : ...... + e g [ \ ’L ]
o oty N AT ;
t— | 1 1 1 1 | 1 1 1 1 = |

5000 5500 6000

m,. _[MeV/c?]
RBB) - ptu) = (3.091045F0 1) x 107 > 100
BB - utu™) <2.6x1071%at95 % CL

First order: No sign of large New Physics effect!
Also very competitive results from ATLAS & CMS - combine




ATLAS: 1812.03017
 Combination of LHCb, CMS & ATLAS cms:  PRL111(2013)101804

6 x 10710 LHCb:  PRL118(2017)191801
— CMS
—— ATLAS
57 —— LHCb
Py —— combination
li 4 *  SM prediction
+
3
T 3-
2
2 -
M
1 -
0 1 1 1 1
0 1 2 3 4 5
BR(B, — putu™) x107?

Combining all three LHC experiments

BR(B, = u'u)=(2.71x0.4) x 10~

~2c from SM

D. Straub, Moriond EW 2019 & 1903.10434 & DPG 2019

rach
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b — s utu base diagram

0
77ZK< « Semileptonic

—| add d quark as spectator
-2 B — K™ urp-

— add s quark as spectator
d d 2 By— ¢ty

) W K* — add u quark as spectator
9 B+_) K+ “+l’|’_

v/ Z°

p e Ratios:
— Compare muons to electrons




.~ Puzlingdeviations: B' KW

« 2013, LHCDb has observed a deviation in angular
observables in BY — K™ utu~decays

LHCDb, Phys.Rev.Lett. 111 (2013) 191801

L] I L] L] L] L] l m 1__ T T T T
SM Predictions |.

LHCb
[ SM from DHMV

* Full Run 1 analysis confirms effect
Run 2 update coming

L | L
15
g* [GeV?% ¢4

[LHCb, JHEP 02 (2016) 104]




.~ Puzlingdeviations: B' KW

« 2013, LHCb has observed a deviation in angular

observ In B® — K0 -
Belle still has a word to say |

~ ir—r—r—r—r 15 : : | T T ]
L 0.8} LHI;| Belle preliminary 1 This Analysis )
06k ' LHCb 2013 D Ct ]
0.4f= : ;;Cf?of:nuosmv ° >Mfrom DHMV ]
‘ A sES 12 :
0.2 1] 5 N i
o—/—=f—h e, - = :
0.2} -—+ = ] S
0.4~ -05} ' S S— : = ; —_
0.6} L g A = ———
~10l — , 3 ]
-0.8}= : = L

L 15 ' ' ' 5
0 5 10 15 20 4> [GeV?/ 4]

q* (GeV?/ct)
Lower statistical power, but very consistent
+ Full Rur) P i




.~ Puzlingdeviations: B' KW

« 2013, LHCb has observed a deviation in angular
A a 1A I e dloecciia
Jheen ~and ATLAS and CMS

O osl LH : e LHCbdata o ATLAS data i HCb :
0.6~ = = Belledata © CMS data i , .
- +._ - 05 - SM from DHMV SM from DHMV -
0.2} b SM from ASZB

ob—/ —| — » -
-0.2|= — OF .
0.4} » ~ - -
Y Ok |
-0.8}= - 3_ \S_ = o -

L ] E i 15

0 5 ~1F e e . q? [GeV?/c4]

0 10 15
g2 [GeV?*/ 4]

° Fu || Rur [ATLAS-CONF-2017-023, CMS-PAS-BPH-15-007]




.~ Puzlingdeviations: B' KW

« 2013, LHCb has observed a deviation in angular

v " 10 i Vo] | IR =Wy
obse .. LHCb 2020 (doubling of dataset)

-~ ! ' N ' | ' ! | ! | 1 ' ! ! | ' ! '
S, O | . r -
® osl  LH - LHCb Run 1 + 2016 - —
0.6} 7] SM from DHMV 1 /"0 :
0.4 + i 0.5 B —- SM from DHMV _:
02-" / ) ]
ob— /) —| — = -
-0.2p= E— O- .
0.4} 0 . i —
0.6 : ol — 1 —+——
—05_ — 79 _—
-0.8|= B '—+—' G4 —+— Q —+— 1 .
P R I ﬁ S = —+ 15
. . SF m__ . ¢2 [GeV?¥c4]
0 5 10 15
2/ 4
q* [GeV~/c?
 Full Rurn

Situation unclear.... If real, expect discrepancies in other b — s decays ..

rach
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« Decay modes with same
effective Feynman diagram

[
accessible 7>’Z\<

—> different spectator quarks it
« Test for same new effects v u d d
- expect suppressed B~ W K- BY W K
. . b s b s
branching fractions
Iz @
v/ Z° v/Z°
S
7]
S 7! ud ud
B W ¢ A W A0
b s b S
@ It
/Z° v/ 2°




ENLCSR Lattice —e-Data Em].CSR Lattice -e-Data
e e e e — . — e
0 0 - 4> 1 © < = T
% B'—K'wuw 173 1 £ % B'»K'wu 1 T
3 ERED: o 5 {182 LHCb § T
X B ] . ] =
© 132 = X »
=i 33 © L ™
N 3 et R + =
Y S D« o
= 3 = oz
Q ] o E =
< . R g 1 | €
15 20 ()0' ST J'OO""""""'5""2'0" w
2 [GeVc4 0 5 10 1
a I ¢ GeV/ct] ¢ [GeVYcH]
5 5" LHCD APRI3 # HKRIS B FNAL/MILCIS — 16
T 9 - = —~ 2. r T — — T — T — - e € =
& LHCb 3 = & M“F dB
5 8 q + T % — 1077 GeV~2 L
E 7 Bsvped. 3 2 B —>1T|J|J LHCb 4 m 8 12f de? peeST ] %
O -Dua CSD E T 10 e
= sk = 1O % o + o
= 5 iB3e 3
) ] 1& 1 g =i o
QT; l; s 8 g 3 i i 8
g’ 0E T F : ) ] & 3 10 15 n | ©
— = 2 2
o 7 [GeV¥/ch] 0 10 Zzo(GeVZ/C4) ¢* [GeV?]
gl Phys. Rev. D 93, 074501 (2016)

* Analysis of large class of b — s, d u*u - decays
— Several tensions seen, but individual significance is moderate




~ Brnchingfractonsofb sy

1< q%<6GeV2/ct Standardmodell-VorHersage [

>

86 > Ky i) — . z

y -

B(BY-> Oy 1) —— _ 5

@

B(B* > k¥ i) ~ [ 5

c

B(B® > KO+ 1) —— [ 5

S

B(B* > K*+p* ) <
ol

Ll i 1 I L1 L1 I | [ [y | 1 I L1 ] I 1= L1 I L1 1 1 L1 1 8
30 -5 -2 -5 -0 -5 0 =
-]

(BLHCD _ pSM) 5 108 °:>

Q

* Analysis of large class of b — s,d pfp-decays S
0o

— Several tensions seen, but individual significance is moderate

— Tendency to undershoot prediction of differential x-sections
- intriguing hint or theoretical issue in prediction?

- We need cleaner tests ...



« Couplings of W* and Z° are equal for all lepton families

« Confirmed many times, e.g. in decays

- “weak coupling
T constant for taus”

put— etvev, und vt — et v v, g, /gu =0.999 +0.003
T+t — e+VevT Und T+t — U+VHVT g/,t /ge — 1.001 =+ 0004

t— efveund Wt — ptv,

g,/8, =1001x0.002

in Z% — ete, Z° » ptu-, Z° — vttt

« Standard model: All leptons carry same weak
- Lepton-Flavour Universality

nCp



~ leponunversaity

« Lepton universality almost untested in loop decays
—> test this in ratios of semileptonic decays

electrons / muons [b — s ]

ud

B(B— K®utp™) sm

— 1.0
B(B— K*ete™)

Rk =

* Very low hadronic uncertainties, electroweak corrections O(1%)

* Any significant deviation from 1 is a clear sign for New Physics

nCp



& &
§ 300 LHCb § LHCb
3 —4 Data o 100] —— Data
= 250 > . .
: Total fit
> — Total fit Fr\] 80
= 200 <~ B C‘IINIl A 3% 0 ewmas Bt— K*ete
..... -+ + 04— ~
}1_,2 B @ B Part. Reco.
g 150 . Combinatorial § @ B3 —J yete)k*
g ’g il .~ Combinatorial
O 100 8 i
Ngjg ~ 1940 ,
50 201
0E= T B 15r o T L T T 0 | a i ey E T b b 1 C L e ¢ r )
5200 5300 5400 5500 5600 5000 5500 6000
m( K*,u*,u‘) [MeV/c?] m( Kfete ) [MeV/c?]

_ B(Bt— K pg)
- B(Bt — Ktee)
_ N(KTup) e(K*ee)
T N(Ktee) e(K*up)

1 track

e track




~ Moriond202t:UpdateonRe

« Measurement as double ratio

_ B(B" = KTpp) [B(BT = KT J/¢(pp))
B(Bt — Ktee) / B(B™ — KTJ/y(ee))

_ N(Ktum) (K J/ulee)) e(KT b)) e(K*ee)
N(K*J/d(pp))  N(K*ee) e(Ktpup)  e(K*J/y(ee))

Rk

« PID specific uncertainties cancel to first order

» Test consistency with resonances B(B — KtJ/{(up))

— Iy, = 1.014+0.035(tat+sysy £ B(B — K*J/4(ee))
(known to be 1 at 0.4%)

B(B* — K+¢(25)(u+u_))/3(3+ — K*(2S)(efeT))
B(Bt — K*+J/y(ete™))

— Ry25=0.986+0.01 3(stat+syst) Boe9) = BET 5 K /0t i)
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* First evidence of violation of LFU

[ : BaBar ,
& : i 0.1 < ¢*<8.12GeV/c*
E [PRD86032012]
_ +0.042 +0.013
RK = 0.84‘6_0_039 —0.012 ‘ : N , ]13()e£122<6.0GeV2/c4
[JHEP03(2021)105]
eh S
— SM hypothesis: p-value = 0.0010 T FRAAE1501]
— Evidence of LFU violation at 3.1 L LHCb ot . .
E [LHCb-PAPER-2021-004]
| T ’ . i . ’ : . ]
] ] . . 0.5 1 1.5
e |Indication: Muons show issue with R
SM, Electrons seem consistent ! f[frErEIETrETErErgrECE ] ES
% 5t LHCb B SM prediction
Q N —=— electrons 9fb! 7
. s 4 :— —— muons  3fb’ —:
 More channels to confirm or x F ! ]
disprove measurement under study < 3f E
~ |t ]
S 2F -]
E N — N
A ) .
% 5 T0 15 20

q* [GeV?/c4
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* Global analysis of all observables & fit to Wilson coefficients

20 [CC, Fuentesetal 2103.16558
L UL I R R T 2Ry

[\ % 4G
AN g Loy =— \/—FV*th ZC@
1ol o ] @ =LY, b)(ay" p)

N p @’;0 = (.7, b)(EY"rs 1)
05t g, i) i

|} | Significance between 3.9¢ and >> 5¢,
1 e depending on fine print

* Intriguing: a coherent picture seems to emerge.
Some analyses: large significances which has lead to
excited discussions of Z's, Leptoquarks, etc

« Experimentalists view: Hypotheses non fingo
Excitement premature: we need significant individual measurements

ncp
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« Results shown here (mostly) use 4 - 72 of the already recorded datasets
—> updates are progressing well

« Beyond that: Excellent future landscape for flavour @ LHC :
LHCb Upgrade >

HL LHC >
2021 2024 2027 2030 2031 2034 2035

« HL-LHC funded until 2035! Integrated luminosity

LHCb GPD
« LHCD: significant detector upgrade Run 1 3 25
in LS2 (now), GPDs follow in LS3 Run 2 9 100
Run 3 23 300
« LHCb also plans upgrade 2 for LS4 Run 4 50 +300+/a
Run 5,6 300+ +300+/a
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10 LI PR D RN | LANN B S
35—I : : I : : : : : I : : : :
i - [ | = L; SR AN 6 mo shutdown
PR 0 e el S A O Giae L
i O T 5 4zea.r§f9r_th9,d_es_-_gn._l_um!_._: ______________________________________________ Jao 3
> 61— é 4 "
@ [ 130
o 3 i v
c 4 . H B
o 8 mo shutdown assuming we e 5:
s replace PXD and TOP PMT M =
- y | - Conservatlve , A :
< bottom up estlmate —110
o 0 T : -——I—r-r-:——-l—r'r-r-l-.—l—- dBte”et
oheMes 1/1/2021 1/1/2023 1/1/2025 1/1/2@29_ atase
1/1/2019

* Physics run of Belle 2 started

— First results published
— Significant luminosity (for LFU tests) ~2024

ncp



Trigger & reconstruction are
the main bottlenecks to
exploit huge GPD flavour samples
— New 2018: CMS “parks”
~10° unbiased B decays

— Studies on low-PT electron
reconstruction ongoing

— Interesting sensitivity expected

At HL-LHC: 10" B-hadrons

(Belle2 dataset) will be

produced every ~30 min

—> is it possible to exploit this dataset?

N anooEd CMS [
T 3000 _
s || trigger rate | g, :
(52500_1 T I 3
T F | | N
2000 | i Data parking
L] W I I s
1500 """”““'-»-..{,_.= i 2 =
1000:| :. N i ..’."""'l"-""f"'hp ;_E
IR R R -
3! ¥ "§ 5
500p31 3 | | T o
| | | |
c_-tfu-fu-.u e =] ) il e P PO [T (P S 8
2200 2300 0000 01:00 0200 0300 <
Time (o)
#B produced
10'5
LHC run Il
1012
100
106
2000-2008 2010-2018 2020-2025 2026-2036

rach
\3 A\)
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* Flavour physics is a great way to challenge Standard Model

— CP violation and CKM sector: many sensitive tests,
CKM picture consistent on ~10% level

— Charm physics: experiment driven, CPV observed 2019
— Special area of interest: b » s £*¢: flavour anomalies

* Intriguing pattern: flavour anomalies

— BR and angular observables
— Lepton flavour universality

* Intense experimental program ongoing to verify anomalies
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Time dependent B physics
— CPVinB,— J/y ¢, B,— o
By —pru”

LHCD
b
&<
el
D

</[O

Belle 11

CKM angle vy

CPV in B,

B — X, ¢t¢ (exclusive) = LFU
B — X, v (exclusive)

Charm physics

Semileptonic B decays
B—-Dtv,B—>D'tv

Dark matter

T — physics: LFV

B—=1vB—>uwv

B— K*vv,B— vv
B — X, ¢'¢ (inclusive)
B — X, vy (inclusive)

“BS &
charged
tracks”

Important
overlap:
sporty
competition!

“inclusive &
neutrals ”
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B 7 Very general decompositions:
g ety | S L B valid for both for forbidden
A 4 sz : processes (e.g.: u1—ey) and
o | precision meas. (e.g.: B.—pp)
trivial i : o
kinematical ----- : _ (a-dimensional)
F—— effective couplings
A [TeV] A [TeV]
18 0 ese bound
C - €S€ bounds are correct,
10 IF |c;j=1 10° = but potentially misleading...
- g lowered to few TeV with
107 ¢ 10° hierarchical c;; |

107§
10

10}
A N N e

K'-—-K'D*-p"B"-—-B"B,—B, K° - K°D° - D°B° - B° B, — B,
G. Isidori, HL/HE-LHC workshop, March 19

THCh
WGP




