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New Physics searches with flavour 2

Q\,O(\ » Extensions of the Standard Model (SM)
ed\e introduce additional processes, with new
K b a(\ﬁ(g particles/interactions:
quark, e.g. .
neutrino

.— » Amplitudes are measured via flavour

observables:

» Magnitude: rate
» Phase: CP violation
' @.9 » Lorentz structure: angular distributions

» Precision measurements test energy scales
>100 TeV

» Complementary to direct New Physics (NP)
searches

—

» Observables with very small theoretical uncertainty, e.g. CKM angle y

» Rare processes (forbidden or suppressed in the SM)

Experiment # SM predictions = New Physics



Selected highlights for today

CP Violation and CKM metrology

| L I
100 150

LHCb - Lepton Flavour Universality and Rare Decays

w6
Universal for all Ty e
leptons? leptons
ed \ep‘o“
heavy hadron _— 9

Not included, but check out also:

>

Not included, but check out also:

» Mo Ghani’s poster Measurement |
of the CKM matrix element | V_,, |
in ATLAS tf decays >

» Inthis talk: a selection of
recent results, slightly biased >
towards UK contributions

Conor McPartland’s talk A search for lepton flavour
violating © — 3u decays at ATLAS , Wed 9:00

Mary Richardson-Slipper's talk Search for rare
BY = ¢¢ decays in LHCb Run1+2 , Wed 11:30

James Brown's talk Search for Right-Handed Weak
Decays at LHCb , Wed 12:15

Richard Williams's talk Search for the very rare
BT — ntete™ decay at LHCb , Wed 13:30

Daniel Thompson's talk Search for the Lepton Flavour
Violating Decay Ag — A(1520)pue at LHCb, Wed 13:45
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CP violation and CKM metrology 5

» The Standard Model predicted CP asymmetry is not sufficient to explain the baryon
asymmetry of the Universe = New Physics CP violating effects are expected

» The only established source of CP violation in the SM is contained in the imaginary part of
the CKM matrix describing transitions between quarks

b U ( 1.2 3, \
Vs ) 1 -3 po ARG - i)
o Vexu= |V Wl V| = i -1 A2 [+0aY
Va Vo, B
\ ' / \A/13(1 —p —in) Vis 1 )
» Unitarity condition VCKMngKM = 1 leads . .
to Unitarity triangles, e.g. ViaVup +1+ VidVi — 0




CP violation and CKM metrology 6
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4

The Standard Model predicted CP asymmetry is not sufficient to explain the baryon
asymmetry of the Universe = New Physics CP violating effects are expected

The only established source of CP violation in the SM is contained in the imaginary part of
the CKM matrix describing transitions between quarks

( 1 )
Vir _— (7 v 12, [ —-54° Lo AXp — i)
- Vexu=| Ve Vgl | = 2 -2 AR | +00Y
|14 Vo Vi 2
Vo Ve W) \ana-p-iy v, L
Unitarity condition VCKMVZ’KM = 1 leads
to Unitarity triangles, e.g. :: E% l | Y Alm;A”I‘ ” 4 8.K L@:]%Emgés _;
05 i_%g Sl 1AW/ cos 2B < 0 —i
Precise measurements of heavy e ) =
hadron decays = Redundant o E ) : E
determination of the CKM 02 [ =
parameters 01 b ; ;
0.0-0.4 — ('1 -OI.2 I 0.0 | | 0!2 . 0.4 . 0!6 . 0!8 1.0
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CKM angle
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» CKMangley = arg(—=V, V2 /V4VE)

sol.\w/ cos 2 <0
(excl, at CL > 0.95)

» SM theory uncertainty is very small 04
Syly ~ 6(1077) 03

o o
o N
|IIII|IIII|IW

| excluded area has CL > 0.95| ]

I\III

L1 IIII|||II|IIII|IIII|IIII|IIII

» New Physics models can lead to sizeable o
effects 0.0

e

» CP-violating parameter that can be

measured using tree-level transitions 3 I —

O 0 LHCbD -

‘_|4 08 - - B Preliminary -

o, o . . 0 October 2022 —
» Exploitinterference between amplitudes, ok
.

conventionally B* — Dh*

DK— o 683% MR L
/ 0.2

fDK— 0

B-

\TB)B

0B —
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_ / v [°]
DOK TD€7’5D JHEP 12 (2021) 141 y = (63.8+3)
LHCB-CONF-2022-003

HFLAV
— 3.4\0
7 = (662433

Acp x rpsindpsiny fp accessible from

both DY and DY


https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-CONF-2022-003.html
https://link.springer.com/article/10.1007/JHEP12(2021)141

CKM angle 4 LHCB-PAPER-2023-040 % ;

» CKM angley = arg(— Vudeb/Vch;)

2
. . b Vcb C b Vl/tb u
» CP-violating parameter that can 7o DO
be measured using tree-level / C
. + %
transitions V/* chb
us
Ky K*O Ky K*O
» Exploitinterference between d Jd d d

amplitudes, e.g.

/) DYK*(892)" \ \

0 \

B ot fp K*¥(892)°  k#(892)) - Kti-
DK*(892)° e

fp: K " (n"n™)

Acp X rgsinogsiny Mixture of D® = K*+z~
and DY - K*7~:
Need non-zero st d weak phases to observe A _ _
eeqad non-zero strong and weak phases 1o opbserve CP fD : K+K and T ]Z'+

CP-eigenstates final states


https://inspirehep.net/literature/2753647

CKM angle

LHCB-PAPER-2023-040 %l\& 9

» Run1 + Run2 dataset, ADS and (extended) GLW final states

» Measure CP observables and relate them to y, r
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https://inspirehep.net/literature/2753647

CKM angle

LHCB-PAPER-2023-040 % 10

» Measure CP observables and relate themto y, r

DK* 5DK>‘<
Bo 1 Ypgo

» Four solutions are found — a combined analysis with B - DK™, D — Kg’h+h_ breaks the

90° degeneracy
S
o H 04 -
1 1 s . '
N h B LHCb @) LHCb
o 0.2 _1 |
N ) 9 b — 9!
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- 02 - i
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» Measure CP observables in bins of the 3-body DK
charm decay phase space Fpo = = 0.233 £ 0.016
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https://arxiv.org/pdf/2309.05514.pdf
https://inspirehep.net/literature/2753647

Strong phases: charm at threshold at BES]]I

» BEPCIlis a symmetric e*e™ collider, with variable centre of mass energy

» Dataset at y(3770) — DD: no energy for a single additional pion
» The D and D mesons are produced in a quantum correlated state

» Unique access to relative strong phases, CP composition

K+

K-
D® or DCP+/

w(3770) " )

e’ . e
,;"A Double-tag method possible: decay mode of
'¢' —0 interest tagged with a set of known tag modes.
K- e’ D" or DCP— Strong phase of D decay of interest inferred from
quantum correlation
-



CP-even fraction

»  Measurement of the CP-even fraction of DY —

» Complementary determination using the self-

conjugate K¢ ;77 7~ tags

0 Kaw
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................ EF+ fit projection
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10

> 3 4 5 6 7 8 9
Effective BF(D—-K*K™*z-) (10°)

F, =0.730 + 0.037 £ 0.021

» Valuable input for CKM angle y and charm mixing and CP violation

K"K rntn~

0.5
0.45
0.4
0.35
0.3
0.25

Normalized DT yleld

0.1
0.05
0

o
o

0.45

o
~

0.35

O ¢
w

0.25

Normalized DT yield
O i
N

0.15
0.1
0.05
0

0.2-
0.15¢

SESII

» Effective BF of D - KYK z"z~ using 10 different CP tag modes: BF from CP-even (odd)
tags are suppressed (enhanced)
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» Measurement of the CP-even fraction of D — z*z~ 72"z~ Phys. Rev. D 106, 092004

Phys. Rev. D 107, 032009



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.032009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092004

Charm - flavour oscillations and CP violation

» DY — DY flavour oscillations: o >— U
» Challenging theory calculations .
9ing Y Dy debh Y A dsb (DO
» Mixing diagrams suppressed: slow oscillation
L . W~ -
and very small CP violation U — «— 7T

»  CPVin mixing?ie. @MDY - D% = #D" - DY) ?



Charm - flavour oscillations and CP violation

» DY — DY flavour oscillations: c—>
» Challenging theory calculations
9ing Y Dy debh Y
» Mixing diagrams suppressed: slow oscillation
and very small CP violation U —

»  CPVin mixing?ie. @MDY - D% = #D" - DY) ?

W+
> u
A ds,D
W~ .
< C

»  Measurement of DY — D° mixing and search for CPV with D - K*7z~ decays
g y

D° © ViV TKtmo

» Fit decay time dependent ratios:

o
R* (1) = F(lz — Ktn7) R=.() = F(EO — K~z
d . Kr F(DO — K—I—]Z-—) Kr o F(DO N K_]Z'+)
CPV in decay CPV in mixing

/

o N R (1 £ A )+ \/RKE(I + Ap)(Cp, £ Ack,)

Suppressed decay Interference

T

DO

+ (cg, £ Ack,)

0

ek

Mixing

t 2
)

/\ y  Studying full Run 2 D™t - DY( - K 7z )y, decays

LHCb-PAPER-2024-008 in preparation



Charm - flavour oscillations and CP violation % 15

»  Measurement of D — D° mixing and search for CPV with D° — K™z~ decays
g y

N

cd US) K+7T_

»  Studying full Run 2 D™t - DY — K+7z_)7ttzg decays

» Fit decay time dependent ratios:

. 10 j —
&, 4+ - —
RE (1) = 1D - K7) R= (1) = D’ - K ™)
................................................ . — - =
50 > K- (DY — K*z7) T (DO - K-t
S S0 T =
% | LHCD preliminary Parameters
o 500__6fb _
;f 450F —T— Data - Ry, (342.7+£19)x107° - ” f
< 00b Baline cxn (52.8+£3.3) x 1074 st de"'t, egcﬁ o
LT tocruomin]  Ckr (120435) x 1076 o Guacraticbenavions
o 350 = Agr (—6.6£5.7) x 1073
% OE_ _ Ack (2.0 +3.4) x 1074 No evidence of CPV
S 1 Adg, (—0.74£3.6)x107°
= -10F -
x  f . 60% improvement in precision compared to
_200'_ : : : —_8 previous best. Still statistically limited.

D’ decay time / T 7

LHCb-PAPER-2024-008 in preparation



Charm - multi-body decays % 16

»  Search for time dependent CP violation in D" — ztz~ 7" decays LHCb-iEAI\DF;EE;]ngtZi;OO3

10 o =.m.(DT+)._ m@) » Studying prompt decays D** — D( —» 7Z'+7l'_71'0)71'£g

7180
>
é) ii Il;rlgl(i:rtr)linmy i?ata » Data driven weighting procedure to correct for
o rn s detection asymmetries
S erged 7 . Signil
bl » Extract AYeff(slope) from mass fits in bins of #/7
@ 80 Combinatorial
= — | '—
B 2.3M candidate Af _ 1—‘D"—>f(t) FD0—>f(t) ~ g4 4 AV 1
20 FDO—>f(t) + Fljoef(t) Tpo
Y0 145 150 15 o 1 o e S SO T PR T SR e
Am MeV) & LHCb preliminary
~ L B T T -1 -
> e = g. 7.7 tb ]
160 limi ata (D) B
= preliminary E .
v 14077 fb! — Fit T OO S l ................... A
g 120 - Resolved 7’ - . ; + + +.—i— N
— 100 Signal 7 .
E 80 Combinatorial < 0 " o
= —s - g
L%’ :g 1.5M candidate N _D, .Jt _Jt ..71: e
20 4 6 8
D40 145 T : : tf TDO
Am (MeV) » Consistent with No CPV and World Average

»  Search for CP violation in the phase space of D' — 777" decays with the energy test
» unbinned model-independent approach provides sensitivity to local CP violation

» Results consistent with CP symmetry JHEP 09 (2023) 129



https://arxiv.org/abs/2306.12746

0.10

CP violation in B® mesons

0.05

CKM angle f, = arg(—V,VE/Vy, V)

NP can significantly enhance S,
@ 0.00

. . 0 .
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CP violation in B® mesons A Bragnolo. Moriond 24 | 20| 18

» Atime- flavour- angular- dependent analysis of Decay rate for a CP-even final state

491k BSO — J/y@ candidates (2017-2018) - I |
» Angular analysis to separate CP-eigenstates — @t
0.8 - ----- dr/dt(no CP)
» Flavour tagging to identify B flavour at the : | —
prod uction Ag 0.6 1 e—s N | | assumed

i
Decay Rate [a.u.]
o
F =Y

J/Yp+ S — wave

0.2 1
BO
S
0.0 T T T T T
0.0 0.5 1.0 35 2.0 2.5
B() t [ps]
Results S Comparison with other LHC experiments
— 0.11
Parameter Fit value Stat. uncer. Syst. uncer. Tw CMS Preliminary
¢s Imrad | —4a k&3 e CMS combined & _ | . e B
AT, [ps T ] 00761 00043  +00019 [ 574 %23 [mrad] L 010 SMno penguins| B bJiwk*k™ channels only
 jod [ps_1 ] 0.6613 + 0.0015 + 0.0028 _ 1
Amg [fips 1] 17.757 +0.035 +0.017 Al =0.0780+0.0045[ps” ][ .09
A 1.011 +0.014 + 0.012 Precisi CMS 116.2 fb?! :
recision comparable :
| Ap|? 0.5300 =+ 0.0016 =+ 0.0044 . P , 0.08 LHCh 9 fb-1
A |2 0.2409 + 0.0021 +0.0030 to smgle most precise :
|Ag|? 0.0067 £0.0033  £0.0009 measurement! 0.07
3 3.145 +0.074 + 0.025
5, 2931 =+ 0.089 +0050  Compatible with SM, _
bs, 048 +0.15 +0.05 . . S0 oy
: first evidence of CPV ATLAS 99.7 ﬂ?

(3.20) in BSO — Jyg %150 ~100 =50 § 50 100

¢¥K*K” [mrad]


https://indico.in2p3.fr/event/32664/contributions/137033/attachments/83651/124590/3_ABragagnolo-v2.pdf

Lepton Flavour Universality

19

Universal for all
leptons?

heavy hadron

Flavour Changing Neutral Currents

b _
St W :

o
vz e
“Rare” decays, forbidden at tree level, decay rate

<1078, fully reconstructed, theoretically clean,

depending on observables, very precise Lepton
Universality rations predictions

leptons

Flavour Changing Charged Currents

b

c-’6+
W—I—

Lz

Tree-level, semileptonic b-hadron decays,
decay rate ~ 10%, unprecedented samples,

experimental challenging (neutrinos in the final
state), controllable theory uncertainties



Lepton Flavour Universality 2

R(D*)

, "
Universal for all T \*
leptons?

leptons

heavy hadron

O -4 B T L] L] I L] L] L] L] I L] L] L] L] I L] L] L] L] I L] L] L] L] I L] L] L] L] I6 L] L] L] L] I L] L] L] L] I L] T _
8% CL cont
| H FL A V () contours _
B BaBar i
035 — .
B i Flavour Changing Charged Currents
[ Bellell ]
03 L Belle” < | - _
L 1 h I3
0.25 _— ! LHCBH® 1 -4+
B World Average -
02 =  $HFLAV SM Prediction R(D) =0.357 0.029,,,, —
B R(D) = 0.298 = 0.004 IS(D"(‘)) 3=70 284 0012, -
B R(D*) = 0.254 + 0.005 N -
B L I L L L I L L L I L L L I L L L I L L L PI(XI) : 3I3(7I L I L L L L I L L ] VE

02 025 03 035 04 045 05 055
Tree-level, semileptonic b-hadron decays,
decay rate ~ 10%, unprecedented samples,
BB — DOv) experimental challenging (neutrinos in the final

World average about 3.346 from SM state), controllable theory uncertainties

(*)
R(D™) = AB(B — D' 1)




Tree-level transitions: measurement of R(D ")) % 21

» First LHCb measurement (2015+2016 dataset) using the
D7 ground state, with D* — K~ 7z, muonic-tau decay

» Feed-down from D™ — D*7%/y, w/o reconstructing R(DMH) =

7y gives access to R(D) with the same final state

» Partial reconstruction = unconstrained kinematics, large
backgrounds: need to fully exploit vertex topology
information, track isolation, control regions

» Fit to kinematic variables to separate signal

from normalisation and backgrounds B B—=D*tv
. , BB B D+ rv
mmiss=(pB_pD_p/4) B—=D"X_.X

B B—=D**u/tv
Comb + misID

o+ p ) = B B—D'uv
bur bl = B 5D v
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LHCb Preliminary

(@) (@)
© w °
W O B O

0.25

o
[\S)

0.15

o
—

0.05

Candidates / (1.18 GeV¥c¢4) °

LHCb-PAPER-2024-007

in preparation

BB — D)
B(B - DO+uy)

High g region

x10°

—— ———— —r——————
944 < ¢> < 11.8 GeV¥/¢* LHCb Preliminary

: (=] b
S [\ e
[\ W w

0.

S o
o =
—_— N

Candidates / (0.67 GeV?/¢%)
(@)
o
(@)

0 5 10

m2. [GeV?/c4]
ae
[ 944 <¢><11.8GeV?¥c* LHCb Preliminary 3

o o o 4
() b (=) b
—_ () N o
9} (\S) ()] [9%)
TTT T

001F

Candidates / (130 MeV/c?)
(@]
>
]

0 1000 2090
E,[MeV/c?]




in preparation

Tree-level transitions renpreoon (LG

» Result compatible with SM (0.780) and

+y —
(previous) World Average (1.096) R(D™) = 0.240 %= 0.043(stat) = 0.047(syst)

R(D™) = 0.402 % 0.081(stat) + 0.085(syst)
» Leading systematics hadronic form factors p=-—0.39
parametrisation and background modelling

004 IIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIII

E B H FL A V 68% CL contours ] %Q /] ! 63% CL tontours
[a'4 : a : EZ — Moriond 2024 Belle?
0.35— ] 035 LHCb*
[ Bellell i - Bellell
0.3 -_ Belleb < _- 0 3 -_
0.25 | LHCbH® T 7 0.25 C
B World Average - R World Average ]
02 4 HFLAV SM Prediction R(D) =0.357 £0.029,, ] 0.2 =  4$HFLAV SM Prediction R(D)=0.344 +0.026,, —
B R(D) = 0.298 = 0.004 R(D*) =0.284 0012, . - R(D) = 0298 =0.004 R(D¥)=0.285 0012, -
" R(D*) = 0.254 = 0.005 3&2';)-:3;3(7 . . R(D*)= 0254 = 0.005 p=-0.39 -
B Ll 1 I Ll 1 1 I Ll 1 1 I Ll 1 L I Ll 1 L I Ll 1 L I Ll 1 L I Ll Ll I Ll ] B 1 I 1 1 1 1 I 1 1 1 1 I 1 PI(X ) 1 29:7 1 1 1 N
0.2 0.25 0.3 0.35 04 0.45 0.5 0.55 02 03 04 05
R(D) R(D)
World average about 3.346 from SM World average about 3.176 from SM

» New: R(J/y) measurement by CMS, with 2018 data: CMS PAS BPH-22-012

R(J/y) = 0.171)3(stat) )2 (syst) T 1a(theo)  Compatible with the SM within 0.36



https://cds.cern.ch/record/2868988/files/BPH-22-012-pas.pdf

Analyses of b — s¢7 ¢~ decays

4

First test of lepton universality R, @CMS, as well
as differential and integrated BF, with 2018

parked data CMS-EXO-23-007

See also Jay Odedra’s talk CMS Run 3 RK

measurement and di-electron triggers, Wed 2:30pm

dB/dg? seems to undershoot SM

Differential branching fractions and angular
observables are not as theoretically clean

as lepton universality tests

Is it all NP? Can we measure long-distance

(hadronic) contributions ?

Phys. Rev. Lett. 127 (2021) 151801
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https://arxiv.org/pdf/2401.07090.pdf
https://arxiv.org/pdf/2105.14007.pdf
https://arxiv.org/pdf/1403.8044v3.pdf
https://arxiv.org/pdf/2401.07090.pdf

Analyses of b — s/ ¢~ decays

{68 -

Phys.Rev.Lett. 125 (2020) 1, 011802

» Differential branching fractions and angular 1 ' ., R o
observables are not as theoretically clean 77 SM from DHMV
as lepton universality tests 0.5F -

» Isitall NP? Can we measure long-distance A" 0: .
(hadronic) contributions? - N -

= 7] -

» Unbinned fit in g* for the amplitude parameters: _0'5;_ % —4— 8} +—F
hadronic form factors, Wilson Coefficients _1:_ h -

) ] L L y 1
» Good agreement with binned results 0 , 102 15
¢ [GeV?/c4]
e T rrrrr e
LHCb 4.7 fb~!

Phys. Rev. Lett. 132 (2024) 131801
Phys. Rev. D 109 (2024) 052009 o}

1 ¢*>> 0Oonly
#— q% < 0 constr.
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(2020) 011802
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» Unbinned amplitude analysis to the 1ot | LHCD 84fb~1 Preliminary ]
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» Run1(2011-2012) + Run2 (2016-2018)

» Measurement of local and non-local
%0+
u

amplitudes in B - K"~ decays

Candidates / (0.1GeV2c™)

(150 fit parameters including Wilson
Coefficients, hadronic form factors, g
resonances, interference) -100 T :
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—os] Preliminary I-l- » See also Jake Amey's talk Amplitude Analysis of
- T 1 B - D’DK*zn~decays, Wed 11:15am
» See also Lorenzo Paolucci's talk Angular analysis of rare
0 2 4 6 8 10 12 14 16 18 Bs decays involving electrons at LHCb , Wed 11:45am

¢’ (GeV?/c") ), See also James Herd's talk Test of lepton flavour
universality using BY - K*¢7¢~, Wed noon



Ameasurementof K™ — #tutu™

» 27679 K™ — ntu*u~ candidates with negligible background contamination was

collected by the NA62 experiment in 2017-2018

A
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» Studies of S 10 5
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K" — n7u"u~ and S 0 =
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K" — n'ete” decay § 10 2
. L 5 >
form factors contribute =~ 10 i
. 10
to LFU picture e
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1072
JHEP 11 (2022) 011, JHEP 06 (2023) 040
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NA62: secondary beam of
7, p, K from SPS beam

Excellent timing, momentum
resolution and PID
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https://inspirehep.net/literature/2150453

Ameasurementof K™ — #tutu™
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» Measurement of:

»  Model independent B(K* — z uu™) = (9.15 £ 0.08) x 10~°

Normalized entries

NAG2
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0.034;_ L K, Data . Central value and total errors
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» form factor parameters in the framework of the Chiral

Perturbation Theory at O(p®)

—

» Apg = (0.0 £ 0.7) X 1072, x 2.6 improvement in precision

» The size ofthe K™ — z7u"u~ data sample is the main

limiting factor

JHEP 11 (2022) 011, JHEP 06 (2023) 040
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https://inspirehep.net/literature/2150453

Theveryrare K™ — 7t

» SM expectation B(Kt — ztvp) = (8.4 +1.0) x 107!

>

4

The mass of the two v system

4

find one Kaon, one pion; make sure there is nothing else

Look at the mass of the two neutrino system (m . )

28

JHEP 06 (2021) 093

Exclude the regions with the most dominant backgrounds: K* — 7z*7° with a missed 7 and

K* - u*v with a muon mis-identified as pion
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https://inspirehep.net/literature/1854186

Measurementof K™ — 7yy
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https://inspirehep.net/literature/2718968

Future datasets: LHCh Upgrade ||

» Additional datasets being collected by the experiments
(e.g Run 3 for the LHC)

LHCb N
» Flavour physics in the high luminosity era: LHCb Upgrade ||  JRUIe27:\s] ] o
N
» ~300/fb integrated luminosity foreseen, with ~
instantaneous luminosity 0(10°%) cm™%s™! 8
» Strong physics case for flavour physics, also covering 4 —
EW physics, dark sector, spectroscopy
___ 100
o . : ,. B* - DK*, %) Y LHCb
= s “  D- Kram =
© S 01 :
10 y E . v
: ? .
X o v
1 X <
[ 1B e e et A g A A i 0.01+ ) X
‘ x X=D.717->u v,
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https://arxiv.org/pdf/1808.08865.pdf

Future datasets: LHCb Upgrade II

» Additional datasets being collected by the experiments (e.g Run 3 for the LHC)

» Flavour physics in the high luminosity era: LHCb Upgrade |l

» ~300/fb integrated luminosity foreseen, with instantaneous luminosity ©(10**) cm™

2.—1

g™

» Essentials: efficient charged particles reconstruction, vertices reconstruction and
association, mass (momentum) resolution, signal versus background separation

» Extensive R&D under way

Track density generated by 42
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LHCb Upgrade-II

» See also Constantinos Vrahas's talk Characterisation of irradiated SiPMs , Wed 11:00am



Summary

» The flavour physics programme is thriving at LHCb and in other experiments

» A selection of LHC Run 2 new results shown

»  Wonderful to see how complementarity of different experiments and methods helps to
perform higher precision measurements

» A selection of recent BESIIl and NA62 shown

» Exciting to see first results from CMS (including parked data) - more independent
measurements to come!

» Run 3 on-going: new high statistics data samples being collected

» Studies and R&D for LHCb Upgrade Il on going

32
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CP violation and CKM metrology 34

» The Standard Model predicted CP asymmetry is not sufficient to explain the baryon
asymmetry of the Universe = New Physics CP violating effects are expected

» The only established source of CP violation in the SM is contained in the imaginary
part of the CKM matrix describing transitions between quarks

» Unitarity condition VCKMVEKM = | leads to Unitarity triangles
; y A e — VudViy + VeaVip + ViaViy =0
Vub i ; ub 0.7 g AL B Am ' ms' Sy 4 - :
(:-E P -+ > é k il *K S —;
w E W 0.5 f—%; si =
: 04 f_g ( CL > 0.95) _f
Vad V S | e
/ ‘s ub = ; o .
0.2 : —]
Vexkm = | Vay WVes Vi g : 5
i p =
\ %d ‘és - / 0.0 B ... L N M R & B,

-
o

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8
p
» Precise measurements of heavy hadron decays = Redundant determination of the
CKM parameters



Strong phases: charm at threshold at BGS]I[ 35

» Measurement of 55” , strong phase difference between the Cabibbo-favoured (CF)
DY — K*7~ and doubly Cabibbo-suppressed (DCS) DV — K*7~

» Effective BF of D - K™z~ for each tag is
either enhanced or suppressed due to

—— Total fit —— Total fit
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Strong phases: charm at threshold at BGS]]I

» Measurement of

Kr
5D

DY — K*7~ and doubly Cabibbo-suppressed (DCS) DV — K*7~

» Effective BF of D - K™z~ for each tag is
either enhanced or suppressed due to
the interference between CF and DCS
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Charm - time-dependent CP violation % 37

» Search for time dependent CP violationin D’ — 777 7" decays

» Probe CPV in up-type quarks

» Time-dependent CP- asymmetry:

Cpooy®) = Tpoof) 1
AL (1) = =L P gl Ay —
Fpo(1) + Tpo_y(0) T

Neutral mesons flavour oscillations
With | D,) ~ CP-even

. 0O\ — 0
|D1,2> =p|D") Fq|D")

x = (my —my)/T’
Parameter measur.ed, related to charm mixing parameters y = ([, —,)/2T
(and CP-even fraction, ~0.97)

AY (2F]§r — l)lxsinqﬁ — (‘%‘ — 1>y]

¢ = arg(q/p)
r W+
) € > > u
» World average of previous measurements:
~AY~Ar=(09+1.1)x10™* Bl dahY Aich
AY Y ~ _AF u - L4 < EJ

— A
|2FF — 1]




Charm - time-dependent CP violation
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» Studying prompt decays

i
D't - D% - 7Z'+72'_72'0)7Tt_gg

» 2.3M (1.5M) merged (resolved) 7V
candidates in 2012-2018 dataset

» Data driven weighting procedure to
correct for detection asymmetries

» Extract AY%/ (slope) from mass fits in bins
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Charm - time-dependent CP violation % 39

» Result consistent with no CP AYST = (=12 +6.0(stat.) +2.3 (syst.)) X 10~%

= AY = (—1.3 £ 6.3 (stat.) £ 2.4 (syst.)) X 10~*

violation and compatible
with world average

» First measurement of time- — S T S
dependent CPVin a D° d Aol el fae L
ependen in a eca — : —
h aneutral e S :
; i I =J17ib | -
wit aneutra pion at a }21&81&‘ : — =
hadron collider MU R - S &
ISMUM |- = =" —
16 MD R |— e il
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16 MUM [ : ; il
17MD R F il s B —
e o - :
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I8MD M | B N Far - Raw =
}g I‘I&((-.IJ I\l}[ B AYSU!JI [107] —r -=- Weighted =
Avg.'_ 1 l 1 1 1 1 I 1 1 1 1 ? 1 1 1 1 l 1 1]
-2 -1 0 1 2
ff -
AY ;7 [%!

» Search for CP violation in the phase space of D° — 7*777" decays with the energy test
» unbinned model-independent approach provides sensitivity to local CP violation
» Results consistent with CP symmetry JHEP 09 (2023) 129



https://arxiv.org/abs/2306.12746

Tree-level transitions: measurement of R(D ")) % 40

LHCb-PAPER-2024-007

» First LHCb measurement using the D™ ground state, with in preparation
D" —» K n*z", muonic-tau decay R(D(*)) B B(B° — D(*)TV)
. o 0
» Feed-down from D™ — D*7%/y, w/o reconstructing B(B® — D®iv)
7'y gives access to R(D" 1) with the same final state
.
» Partial reconstruction = unconstrained kinematics, large N B—D EV
b
backgrounds: need to fully exploit vertex topology L ?ell;;;
_
information, track isolation, available kinematic information ¢
B B—=D**u/tv
» Fit to kinematic variables to separate signal Comb + misID
from normalisation, from backgrounds B B—D'uv
B B —-D*uv
2 2 a0
Myis = (Pp—Pp — P,) 0.9 LHCb Preliminary
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Tree-level transitions: measurement of R(D ")) % M

» Partial reconstruction = unconstrained kinematics , large backgrounds: need to fully
exploit vertex topology information, track isolation, available kinematic information

Charged track

Consistent with B B B—D'rv

decay vertex or BB 3Dt
not? B—D'X.X
B B —=D**u/rv
Comb + misID
B B—=Duv
B B—=D*uv

Underlying event

pp collision

+ = . _ : _
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Candidates / (0.67 GeV?/¢*)
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Tree-level transitions

LHCb-PAPER-2024-007
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Hadronic form factors: B — D BGL [PRD 94 (2016) 094008], B — D*BGL [Eur. Phys. J. C 82,
1141 (2022)],B — D** BLR[PRD 95 (2017) 014022]

First analysis that uses HAMMER [Eur. Phys. J. C. 80 (2020) 883] and RooHammerModel [JINST
17 (2022) T04006] to vary the form factor parameters in the fit (with external constraints applied)

First analysis using Tracker-Only fast simulation




Analyses of b — s¢+ ¢~ decays >

» First test of lepton universality R, @CMS, as well as differential )
and integrated BF, with 2018 parked data CMS-EXO-23-007 4 W ==
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A word about weak effective theory
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