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Introduction: status of searches for NP

So far, no significant signs for NP from direct searches at the LHC while a (the SM?)
Higgs boson has been found with a mass of ~125 GeV/c2.

Before LHC/LEP, expectations were that “naturally”the masses of the new particles
would have to be light in order to reduce the “fine tuning” of the radiative corrections to

the Higgs mass.

However, the absence of NP effects observed in precision measurements implied some
level of “fine tuning” in the flavour sector. Why, if there is NP at the TeV energy scale, it

does not show up in precision measurements?
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As we push the energy scale of NP higher,
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=> chances to see NP in flavour physics
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Introduction: flavour in the SM

"“/_/SM = *‘21;;1[15{,( d:' ) T ][ll’lF\(d) Ad’ W)

The gauge component is the “elegant” part.There is no distinction between
different generations and has a huge degree of symmetry. We only need to
know a,6,,, M,,, and o and everything is determined by the local gauge symmetry
group: SU(3)xSU(2), xU(l)y
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quantum corrections.To describe this
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part we need a total of 14 parameters!
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The Standard Model of elementary particles



Introduction:Yukawa Mechanism in the SM.

~Liawa = Y QL0DR + Y,/ QL 0UL + YLy ¢Ef + hec. |
Ya=Xi, Yu=VIA,,
. . Ly
}hd — dla‘g{ydﬁ yS'.| yb} k] }“LL — dla‘g{yuﬁ y::-, yt} b yq — T.q

The quark flavour structure within the SM is described by 6 couplings and 4 CKM parameters.
In practice, it is convenient to move the CKM matrix from the Yukawa sector to the weak

current sector. But don’t be confused, in the SM quarks are allowed to change flavour as a
consequence of the Higgs mechanism.

Using Wolfenstein parameterization (A, A,p,n):
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A =0.80+0.02
A= sinB_ =V, measured precisely in K semileptonic decays. Notice that all V;; | A= 0.225+0.001

couplings can be accessed experimentally using tree-level decays, with the
exception of V., andV/ 4




Introduction: tree vs loop measurements

CKM parameters (A,A,p,n) are not predicted by the SM. They need to be measured!

If we assume NP enters mainly at loop level, it is interesting to compare the determination
of the parameters (p,n) from processes dominated by tree diagrams (V,, ,V, » V,---) With
the ones from loop diagrams (AM &AM, B, , ---)-

Tree measurements LOOp measurements
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NP allowed at O(30%) in b->d transitions (accuracy in tree level measurements)
and O(20%) in b->s transitions (accuracy in loop level measurements).



Quantum Loops: FCNC

b I q
! “é B KN
- ST
AF=2 box QCD Penguin EW Penguin Higgs Penguin

Map of Quark FCNC transitions and type of loop processes:

b->s (Ve Veslar?) b>d ([Ve,Vealar’) | sd (Ve Vealad®) €U (Ve Vup|oA®)

AMg,, Acp(B, )/ WD) AMg, Acp(B2JIWK)  AM,, & x,y, q/p,®

QCD Penguin

EW Penguin B>KMII, B>X,y B>l B> Xy K>Toll, KE>Trvy DX,

Higgs Penguin [:R=glll B up K> up D-up

Acp(B>hhh),B>Xy Acp(B=>hhh), B> Xy K->, €’/e A p(D~>hh), Aap



LHCDb today and in the future.

= 9 fph! —p < Goal: 50 fb-! > <+——Goal: 300 fb-! —
Upgrade I Consolidation Upgrade I1
Runl | LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5 Run6

2011 2012|2013 2014|2015 2016 2017 2018|2019 2020 2021|2022 2023 2024 2025)2026 2027 20282029 2030 2031 2032§2033 2034§2035 2036 2037 2038 2039(2040 2041

les 1 and 2 / Muon stations

Calorimeters
HCALM2
ECAL

1.1 MHz

pPp REUONEICY Detector
collisions readout

12.5 kHz (0.6 GB/s) [ Mt ~ wew
Events on disk '

Upgrade I (just installed)

40 MHz > HLT 100 kHz (2-5 GB/ S)
pp Detector S NEIL Events on disk

collisions readout

Flexible software trigger and 3 new/better trackers CIQTTIT ﬂ
=T =
Upgrade II (proposed) e
Even better granulda?ty, 1mproved calorimeter, Upgrade I (2019-22) Upgrade II (2033-34)
and fast timing CERN-LHCC-2012-007 CERN-LHCC-2017-003

CERN-LHCC-2018-027
CERN-LHCC-2021-012




LHCb Upgrade | installed.

s T / !,: .
/| v;' Pixel VELO
' only 5 mm from IP

scintillating
fibers

ELECTRICAL CONTINUITY
BETWEEN CELLAND RF FOIL

.'". Tl WD
: 4,(ﬂ;.n,1}; A

Major project

installed successfully
and on budget

GAS FEED TUBE IN
THE CELLCENTER
CONICAL TRANSITION

FIXED HALF CELL SUPPORT

FLEXIBLE WAKE FIELD SUPPRESSOR CONNECTED TO THE RF FOIL
FRAME




LHC vacuum incident at VELO.

~ Failure of the LHC vacuum system that
controls VELO's Ap on Jan 10, 2023

= Detector modules & cooling are not damaged
= The system was returned to a safe situation

~ RF foil underwent plastic deformation —

requires replacement
= Will replace in the shutdown at the end of 2023

A-side

RF foil (150-250 pm thick) separates beam/

VELO vacua and shields electronics
J/// F \
/ “’WH’W B}  ~LHCb physics program in 2023 affected

/A RN

= VELO cannot be fully closed but opportunities remain
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The future is bright.

Updated from Bernlochner, MFS, Robinson, Wormser, RMP, 94, 015003 (2022)

Experiment BABAR Belle Belle 11 LHCb '

Run 1 Run 2 |Runs 3-4||Runs 5-6
Completion date 2008 2010 2035 2012 2018 2032 2041
Center-of-mass energy 10.58 GeV 10.58/10.87 GeV 10.58/10.87 GeV ~ 7/8 TeV 13 TeV | 14 TeV || 14 TeV
bb cross section [nb 1.05 1.05/0.34 1.05/0.34 (3.0/3.4)x10° 5.6 x 10° 6.0 x 10°|[6.0 x 10°
Integrated luminosity [fb™'] 424 711/121 (50/4) x 10° 3 6 50 300
B° mesons [10°] 0.47 0.77 50 100 350 3,200 19,000
B" mesons [10°] 0.47 0.77 50 100 350 3,200 19,000
B, mesons [107] - 0.01 0.5 24 84 760 4,600
Ay, baryons [107] - - - 51 180 1,600 9,800
B. mesons [10°] - - - 0.8 4.4 24 150

~ Upgrade | and Il datasets orders
of magnitude larger

Upgrade I Upgrade 11

New era of unprecedented
precision starting at LHCb

Rule of thumb: lab-! at Belle-ll ~ |fb-! at LHCb
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Tree Level
Measurements:
Recent LHCb results
on y=arg(V,,) and
LNU in CC




V.. phase (y): Status EPS 2023
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B‘o | ODO

Combined likelihood from all
measurements including charm.

u LHCb precision dominates world
color allowed color_ suppres:;ec}=
B __’DO K_chhvtls B _>D0 K_N.vuh Vcs average’
~ A3 ~ AN} (p+in) LHCb-CONF-2022-003
before LHCh was: 70+28°

S 7 | | y(LHep)=(63.8%35 )¢ | Pefore e e
Qf iR LHCb - '
- Preliminary - i

0.8 j  October 2072 to be compared with the CKM fit

P indirect determination:
0.6

y(cKMATTER )=(65.5*"! , )°

0.4

“'11111111

0.2 Theoretical uncertainties are negligible.
0 I T R I LHCb can reach better than 0.4°
7 [°] precision with Upgrade II.
Spectas Valsa B 68.3% CL CERN-LHCC-2017-003
Uncertainty  Interval
B* 60.6 it [56.8, 64.6] 12
B° 82.0 B [73.2, 90.1]
B 79 i [55, 100]




Candidates / (0.25 ps)

Candidates / (1.375 GeV¥/¢)
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Babar (2013)

Belle(a) (2015)
Belle(b) (2017)
Belle(c) (2020)

Belle Il (2023)

LHCb(a) muonic (2023)
LHCb(b) hadronic (2023)
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Candidates / (0.117)

-0.2 0 0.2 0.4
Anti-D} BDT output

PRD108, 012018 (2023)

+ Data Total
3" —D" T, [ B—D v,
[ B—D* Dl X) B 53D D (X)
[ B->D" 37X [ 3D D) (X)
[ Comb. B’ I Comb. D
[ Comb. D™

Ngo_ p+—r+, = 2469 + 154

=D "tV vg

NRun1 = 1296 + 86

BY-p*~tty,

Most recents results in better
agreement with SM for RD*.

Is LU violated in tree decays?

B(B—»Dr"v,) Two new results from LHCb

B{B—}DE"‘UQ using part of RUN-2 with hadronic
B(B—}Dtﬁl’-l_lf ) T decays: PRD108, 012018 (2023)
B(B—D*ttvy) R(D")=0.247+0.015+0.019

0.25

0.2

and simultaneous RD&RD* RUN- |

muonic T decays: | ,rxiv: 2302.02886 (2023)

R(D)=0.441+0.060+0.066
R(D*)=0.281+0.018+0.023

Bellell

[ HFLAV Ay? = 1.0 contours
[

B World Average

—  $HFLAV SM Prediction R(D) =0.357 £0.029,,,,
B R(D) = 0.298 £ 0.004 R(D*)=0.284 0012,
B R(D*)=0254 + 0005 p=-037

L PG = 33%

02 025 03 035 04 045 05

0.5
R(D)







AF=2 box in b—>d transmons'Vtcl phase

Ved Vcb

| er 016 T -
B =arg(— ) h ik ' ~ : e ]
x 2 — Fit ey B = o= moKS 4
th th tan b » g 0% s Lot & 0.10 :| M :Mi\! ‘
28 =¢ = odm — 2¢p 1 - I _ o ]
e e ¢ 000 F B
L0 5
0.05 ]
-025 b|
~0.10F -
1,50 v . . 1
0 LHCh preliminary 1
Ks o il ] 015k -
MBE By (= (K= 5t77) L i
" " " J n i N 0.20 Il | 1 ! 1 1 1
i ] ¥ 10 12 14 050 055 060 065 070 075 080 0.8
i Sk
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LHCb-PAPER-2023-013

) =
£in(2B)= sm(2¢,> L

New measurement from LHCb using full RUN-1| and - | _Feetia

RUN-2 statistics including electron and muon final state PRD 79 G000 o7o0s  *

and Y (2S):
Belle J'v K‘hl R . 0.87¢ 1028 + 0013

sin(2B) = 0.716 £ 0.013 * 0.008 (2% precision) e el
f:‘k{[.;:,m_.,-:,3.;,, e—i——4 e
Belle w(2S) K 0.718 £ 0,090 = 0.031

PRO 77 (2008) 001 103(R|

wich improves on the precision achieved at the B- LHCD Run 1 J/v K N

JHEP 11 (2017) 170

factories! ch Run i) 40840201002 010
LHCb Ul and Belle-ll will each reach ~0.8% while [HGb PAPER 2005 013 M SN
LHCb U2 potential is ~0.4%! . Statistics should allow Lo PAPER 3025 013" *—+—

. . . IS5 World Average ) 208 + Q.01 1
to control penguin contributions. LU : _ :
0.4 0.5 0.6 0.7 0.8 09 1




AF=2 box in b—>s transitions:V, phase
f »-2hI°

Angular analysis is needed in B,2>)/W® b Ve b [V ‘. It
decays, to disentangle statistically the CP- ﬂ.? + small penguin
even and CP-odd components. B W W+ B, :
NP2 . pollution
: Wl

LHCDb new results from B2 J/WKK with ¢ [f?
full RUN-2 statistics.

Vi b

,“ !
arXiv: 2308.01468 P . [, PN

Combining RUN-I and RUN-2 LHCb: B,>}/W®+ B,>)/Whh +
B,>D* D

o = 2arg (VisV4) w0

¢, (LHCb)= (-31%+18)mrad

HFLAV

DO 8 fb~?

013 6(‘3;/‘;0?51“?;‘; With a current w.a. of @, = (-50%17) mrad to be
= ) compared with @, = (-36.8*%? ; . )mrad from
IS 0.11 e CKMFITTER (X2 mrad using only tree
g measurements). Although, there has been
5 0097 impressive progress since the initial

g LHCb 9 b~ measurements at CDF/DO0, the uncertainty needs
0.07 {
' to be further reduced.
%% 0.3 0.1 0.1 03 ~ LHG@b sensitivity with U2 expected to be better

] than 3 mrad.



b e AF=2 box in b—>q transitions
Uy, Up uk! + h < 150 M
- REEEee— o £|Ce,=1.09%0.09 | DAt}
d "':J b d "C‘? ® < o g, = (18 1.9)° |
. SM . NP o
SM: mZ, NP: e 5:
of &
‘“’;‘ Cgd VS ¢Bg
No significant evidence of NP in B, or B, mixing . —‘5:' T N
.5 1 1.5 2
C
NP contribution to amplitudes in box diagrams e B
constrained @95%CL to be <35% (<30%) for me :
Bd(B ) < 155_ CBS VS ¢’Bs summer23
S 10:_ NP fit
NP phases in box diagrams constrained @95%CL 5—
to be (-6<@\p<2)" ((-I<@pp<I)") for By(B,). oF +

Need to increase precision to Ces,=1.10+0.06

disentangle NP in B,(Bs) mixing : ¢s, = (-0.1 £ 0.5)°
-15F
7
C
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AF=1 EW
Penguins and
LNU in NC

.




Three impersonations of the EW penguin

Oloep SUppression helicity suppression

Vib W= Vis

t—W loop

4G g .
Heff —_— ‘\’;— Ve Vis E C; O;
2 i i= 1,2 Tree
i=3-6,8 Gluon penguin
ESM i=7 Photon penguin
Coupling Strength C; = Wilson coefficient i=9, 10 Electroweak penguin
i=5, P Scalar/Pseudoscalar penguin

— Sensitive to New Physics

TN (1)
“Bé—)d)'y OT'}" N 'm-bg 10 )“-V bRF HY photon ﬂ

po:2 ” ¥(29)
dr C;

dg? ; :
i Long distance

Oz ~ S0, 0pE™ ; s  Lon dis
DT _—— i ] | o s e
MBNdanw l’l‘ "l' O%(]UE)NSLWﬂbLETH(%)g ily s by " ipen charlm

! interference!

= TN D

v WA

o




AF=1EW penguins in b—>s transitions: B> K 'u*y angular analysis

B> K*u*w is the golden mode to test new
vector(-axial) couplings in b=>s transitions.

K*=>KiT is self tagged, hence
angular analysis ideal to test helicity structure.

9 7. _
= o [f{l @smg Oy @053 O
F 'j.-'ﬂ-
+2(1 @aing Oy cos 20,
2 PR

9 0s” i cos 26 -@m By sin” B, cos 20
'm 20 sin 20, cos ¢ in 200 sin ; cos ¢
%—Eiﬂ2 Hy cos O J@in My sin fly sin g
in 20y sin 20, sin ¢ 111E O sin” 0y sin 2¢

Results from B-factories and CDF were very much limited by the statistical
uncertainty.

1 d#r+n)
AC+D)/dE a
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- 1_' T T LI ! I i ! L | ! ' '_
- - 1 LHCbRun 1 +2016 1
ﬂ 47 fb_ [ | SM from DHMV ]
0.5 ]
- PRL 124,011802 (2020) |
o _. I
i _'7’ i
-0.5 —
: :+ + <
_1__- 1 L L | .:.l " 1 L 1 n A | i N _-
0 5 10 15
g* [GeV¥c4]
+ 4 +\, 0t~
BT > K (- ngz' W p
i LHCb
1 —4— Data 9fb~! -]
S SM from DHMV
0.5 % /) SM from ASZB ]
< oy 1
0.5 F l i ' b
L =
1R | ]
e S T R

B° — K*O/,PL/,(_

¢* [GeV?/ ]

PRL 126, 161802 (2021)

LHCb b= su*p full angular analysis

LHCDb « Tour de force » full angular analysis performed using
RUN-I data + 2016 data.

Most of the distributions are in good agreement with the
expectations, with some hints for deviations, for example the
CP-averaged measurements of S..

& . Sy sin 20 sin #; cos o
Complementary analysis using B2 K*" pu*u-, shows similar
behaviour using full RUN-1 and RUN-2 stats.

Similar angular analysis of B, ¢ p*"p using full RUN-I and
RUN-2 data shows consistent behavior in terms of Wilson
Coefficients.

B - ¢uu

¢ (PRL127(2021) 151801

x 107

< ufE LHey | ([ LHChORT

q C LHCb 3fb~!
Z 12 i ‘ 9fp! SM (LCSR+Lattice)

<} ok SM (LCSR)

“' 1 SM (Lattice)
=8 3
S e Wy p@s) :
+ 6 o
3. - i_' ’ 1 —— S -
=] 2 [ == .
=) i .

L L 2 | 2 L L 2 | L L . L 1 .

21 3 % 5 10 15

g* [GeV¥c*



LHCb B> K'u*p full angular analysis: NP or QCD?

Persisting set of tensions in b—s uu transitions

KV 330 e 5
K | 310 e o3 Global Wilson coefficients fit seems to indicate a
5 pattern: different observables give a coherent picture
o 190  p—e— b
o
|
0 2 o
Vector coupling Cy
(New Physics ) (@ loop QCD

~

i iy . :
\ . ' . LG )

N E or %%O;<Q+ ?

They can mimic Co shift &

\_ N, y, \_ Y,

New inputs from analyses will help
(finer g2 bins, unbinned fit over g2 , other modes...)
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While NP could induce lepton non-universality in b=>s |I e —
transitions, hadronic uncertainties cannot do so.

]q dP(B—»X'p."',u_)

B=B"B% B A’

R q1 dg? s Py
X e MEoXeTe) XY=, K*O9, K0, ¢, pK, A...
dqg?

» Double ratio respect to resonant modes B — J /v K:

N(BH,O) — K(+,*0)# M i(
RK(-} = =

0 5 K40 /(= ptu”))

Lepton Universality in EW penguins

N ) .
N(B(+:0) — K(++0)¢te )/Ji’(

[

RUN-1&2 LHCb measurement (2022) of R (1.1<q?<6 b ... 1.0 it 1,
GeV?) and RUN-I measurement (2017) of Ry« (1.1< q2< 6
GeV?) indicate a discrepancy (3.10 and 2.50) with the SM.

(+:0) —» K(+*0) J/1hp(— ete™))

Status Late 2022

[ - Measurement flavio + [EPJ C 76, 440] :
R e -~ 1
F RS, —— ;
R -
. R(fﬁ)"' A o .
- H(h )[::IIJ . rnrluI ; - r
_RU‘H )01-6.0GeV2/e feh E

0.0 0.2 0.4 0.6 0.8 1.0

S. Schmitt@FPCP23 R(X)

Rather than just update Ry.in 2022, LHCb took the approach to come up with a new approach:
- Simultaneous measurement of Ry and Ry« in four q? bins.
- Work with higher purity sample (tighter e-PID).

- Optimized trigger strategy.

- Cross-feed between K*ee and Kee backgrounds automatically taken into account.

23



Lepton Universality in EW penguins

Muons Electrons
N T — T T ‘éz—l[][] N —T— — & — R] T & ] R ] T
= | LHChH Ry lowg® | =400F LHCh Ry loweg® = | LHCh i low-g* = LHCb i - g
7 40 g o dhe 1% i dhe o1 Zgof o' } Eh 1 Zeof 9p' t o
= \ - Sigad ] = \ - Signal -~ -
8 TL Combinatorial | ] % L i Combinatorial | % 8 40
< = ann b - £l - 14
Z20F | 122000 % = =
— | — r \ — —
" j ¥ 1 L % | o 4 =20
= 1E \ = ! =
autt¥ o el et e . L O _.---r": : gt abubitun 3 O = bl b i
J. ! J. b
0 '200 5-1[][] 5600 5800 0 5200 5400 5600 5800 0 5500 6000 0 5000 N—" 5500 6000
m(K*pt ) [MeV/el] m{K*n~p*p) [MeV/¢] (R Fete™) [MeV/e!) m(K* 7 e*e”) [MeV/ed]
a0 [T T T N T T T & L T T T Ja T T T ™
o 5 Ry centralg? 12 [ Ry central-g? | .2 " R al- = ¥ Ry central-g J
El&[}[} = %E}Cb +,\Ucc;u: nle . %6[][] L g{-{b(lb +I J}CJT? nlg _ :;' LHCD + Da :J‘L centaalq’ :;1[]0 LHE’b + .Uf;-f.\-_ centrob J
S =i T ] Eaf ! 12 { o
= F | Combinatorial 1 = r Ii Combinatorial [ 4 = 'n‘_!l k
g 1000 1L ‘ ;-l[][]_‘ : L a g ] § 0 #% sie "
— r [ ] - [ ! '. T lm] 4= .J' y - K s e )
S os0f 1220 ¢ | 1 2 1% Fy
g f’ t s [ ) L I g ’
(_a} [‘] et 1 14 “g-- . ] 5 [_]" _J | n L] 5 e o E S e 4
5200 5400 5600 5800 5200 5400 5600 5800 0 5000 ~—— 5500 6000 0 5000 5500 6000
m(K*ptu) [MeV/cY m(K m ') MeV/e] m(K*ete™) [MeV/c¥ m(K*r~e*e) [MeV/c]

Phys. Rev. Lett, 131 (2023)
Phys. Rev. D 108 (2023)

Simultaneous measurements allowed to uncover problem in previous analysis:

- wrong assumption: exclusive B hadronic decays (f.i. B>KKK) with two missid electrons,
not explicitely simulated, thought to be absorbed by combinatorial bkg. Notice that because
they don’t have bremstrahlung peak is very narrow!

Phys. Rev. D 108 (2023)

As some of these bkg are poorly understood, decided to use data-driven method to estimate
missid bkg. In fact, the Ry central g2 measuremen;c4is the less affected by this problem!



Lepton Universality in EW penguins

1 4-' LHCb Rg  low-g’ = 099470
9 fb_l Ry central-¢* = 0. g4g+g.{1}]i%

Rg.  low-¢* = 0927509

» Most precise and accurate LFU test in
b — sfltransitions.

» Results show agreement with Standard 1.2F R centrakg? = 1027207
Model at 0.20. _
» Dominated by statistical uncertainties. E 10 i AL
» Main source of systematics: hadronic &= 't I
mis|Ds. :
(R, = 0994 +00% (stat) 202 (syst) 0.8 [
low-¢*{ ¥ e { Data 2 _ _ _
1RK- = 0.927 T 087 (stat) g o35 (syst) B X =16 p=08120=02
(Rx = 0949 10042 (stat) ™D 0o (syst) 0.6
central-q +0.072 +0.027 i
1RK- = 1.027 T 065 (stat) g gog (SYSt)

Ry low-¢* Ry central-¢> Ry low-¢* Ry central-¢?
Phys. Rev. Lett. 131 (2023)
Phys. Rev. D 108 (2023)
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AF=1 Higgs penguins in b—>d,s transitions

The pure leptonic decays of K,D and B mesons are a particular interesting case of
EWV penguin.The helicity suppression of the vector(-axial) terms, makes these
decays particularly sensitive to new (pseudo-)scalar interactions > Higgs penguins!

These decays are well predicted theoretically,and experimentally

are exceptionally clean. Within the SM,
BRgw(B,2up) = (3.66%0.14)x10”?
BRgw(B4 2 1p) = (1.06£0.05)x10-'°

e
(e
TT 17T
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from GPDs). Next goal is the observation of the decay By >pp. LHCb
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tagged B~ decays and allow new observables like time dependent
CP asymmetry.
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AF=1 Higgs penguins in c2>u and s—2>d transitions

Al LR RS R R S U S =

The D% pp decay is dominated by long-distance S 500E LHCb —— Total 3

contributions and the SM prediction is less precise: 2 180 P — D" > ptu 3
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AF=1 QCD penguins in c2>u transitions: Direct CP violation in D->hh

Q- f)-TD° - f) f=
[(D° - f) + T(D° — f)

Acp(f) =

Araw = ACP + Aproduction + Adetection

So far LHCb measured AACP=ACP(KK)-ACP(mm) to reduce the effect of
production and detection asymmetries. New approach is to use control
samples, Cabibbo favoured decays, where no CP violation is expected to
measure these nuisance parameters.

Acp(K"K*Y) = (6.8+54+1.6)x10™*
arXiv: 2209.03179 (2022)
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Latest News on Tetraquarks and Pentaquarks

First Observation of a Doubly Charged First Observation of a Pentaquark with
Tetraquarlk and its neutral partner, in a combined strangeness in B- =2 |/ A anti-p decays.
amplitude analysis of B>anti-D D_"11and

B*>D-D .

T%,(2900)** [cSud]
T2 ,(2900)° [c3dii]

PRL 131,041902 (2023)

: + Data

§\ L L L R AL T T T Backgromd 9 180 F ILI_Ilci,) e . DI ]
Total fit ——

N LHCbH D (2460) D O : ata ) ) ]
O L Dy (2600) D; E 160F 9 fb! — Nominal fit
o 80 -1 D; 2750) Dy [ — Baseline fit ]
— 9 fb Dy (2760) D} @\ = — ]
g D(3000) D+ = 140 NR(J/w p)
< D"(ZO[O)‘_D_:' A B _NR A — ]
0T Thewn,  gnop | B R
O o) C + ys ]
= = 100 + ---Background
o - n o) C -
= s 80p i ! } .
S O 60F E
20 i 40F ! .
- Fas R 20 :_ _:
0 2.2 2.4 2.6 ) 3.2 3.4 M P A S W B i et st

M(D;} x) (GeV) 4.2 4.25 4.3 4.35

. | m(J/wA) [GeV]



Observation of (anti)Hypetriton in LHCb
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Messages to take home

The SM has no explanation for flavour. FCNC is one of the most powerful tools to get
indirect information about NP, that ideally should provide an explanation for the quark
and lepton masses and mixings parameters.

There are few interesting anomalies in flavour physics to be followed up, mostly
in b>sll transitions, but also in semileptonic B decays.

Currently precision measurements of FCNC processes still allow O(30%)
NP contributions. LHCb upgrades program will test NP at the few % level in
both b->d and b->s transitions.Will reach SM sensitivity in the indirect CPV
in charm decays.

There is a priori as many good reasons to find NP by measuring precisely the couplings
of the new scalar boson, as by precision measurements in the flavour sector! They
both are proving the Yukawa sector of the SM.

We don’t know yet what is the scale of NP cast a wide net!
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