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The run1+2 LHCDb detector %X%

Run1 (2010-2012)

+

Run2 (2015-2018) e
JINST 3 (2008) S08005

« LHCDb originally designed for the study of
CP violation in beauty and charm.

* In pp collisions b/b pairs produced with very
small opening angle - LHCDb is a forward
spectrometer (2<n<5).

« \Vertex detector (VELO):
» Excellent vertex resolution: 20 ym
resolution on impact parameter.
* Decay time resolution ~45 ps.
« Tracking system (plus a 4T magnet):
* Momentum resolution
' Apl/p~0.4%-0.6%.
\ * RICH detectors:
b * Excellent K/n/p separation.
y * Calorimeter systems:
« Energy measurement (i.e: n°%, vy ).
* Muon system:
» Very high efficiency for muons.
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005

Detector operation

+ LHCb designed to run at lower instantaneous * 3 b~ of pp collisions at 7-8 TeV in Run 1 (2010-2012).

luminosity £ than ATLAS and CMS. + 6 fb" of pp collisions at 13 TeV in Run 2 (2015-2018).

8 fb-1 of pp collisions at 14.6 TeV in Run 3 (Upgrade I:
2022- ...).
« Other configurations: pPb, PbPb, fixed-target mode.

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2024

« pp beams displaced to reduce £ (Run1+Run2).

« Mean number of interactions per bunch crossing ~1.
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Evolution of LHCb Physics programme%(%

- CP violation
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Spectroscopy EW
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Selected LHCD results %X%

1. Spectroscopy: 2. Rare decays: 3. CPV in Charm:
* X:1(3872)  Angular analysis of B® - K*%ete™ o - 0
« Pentaquarks » Search for : CPVin D™ = mnn
* Bi—utuy

© Big—ww
° BSO_) d)‘uiT-T-

« DY—>pru
° D*O_)ll-l-ﬂ_
4. CKM: 5. Electroweak: 6. Semileptonics:
* sin(2p) with BO—yKg° _ _ _
. 2”\(,\”,[@ \|IBVI0—>J/Z<Z) ° - effective leptonic * LFU in semitauonic B
S S g . + *+
o $HS5S with BL—s e mllen% angle decays: R(D*)/R(D**)
. AT, with B® > ]/ym’ and B® - SI“Oery
J/ T 7. Upgrade |

« Simultaneous determination of y
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1. Spectroscopy:

* Xc1(3872)
» Pentaquarks

10/9/24 A. Romero Vidal



Spectroscopy
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Only 1 fundamental particle discovered at the LHC (the Higgs boson, CMS+ATLAS).

But many new hadrons discovered.

New Hadrons

New Exotic Hadrons
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Events/0.010 GeV

X.1(3872) in B*—J/Yr*n~K* decays

Xc1(3872) —JYmtn discovered

in 2003 by Belle in
B*—J/yn*n~K* decays.

I 1 1 1 I 1 1 1 I 1
i a) dato i
0 - =5y -
i geic I
200 ~ N
: Yield: 35.7 + 6.8 |]
100 [~ -
0 [ va‘I . T B
0.40 0.80 1.20
M@ T - M('T) (GeV)
PRL 91 (2003) 262001
10/9/24

20 years after since discovery
~200 x more data.

Yield: 6788 + 117

Candidates /(1.5 MeV)
D & o
2 8 8
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LHCb 3
9 fb! =
d
—e— data é
— total fit E
O
3872 )
X,3872) b si70 msi?fw V]
background ¢ % e
‘.‘._. [ e
3850 3900 3950
7r+7r Jy [MCV]

PRD 108 (2023) L011103
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Amplitude analysis of
X:1(3872) —=JYn*n~ decays
shows a sizeable w contribution.
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Decays /(5 MeV)

++H++

500

L T ' v r 1 v v v v
= LHCb
E 9 fb!
—e—data
— total fit
0

P

1)



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.262001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L011103

X.1(3872) production in pp collisions §3 |IGFAE

Instituto Galego de Fisica de Altas Enerxias

s X:1(3872)—J/Ym*n~ production « Y(2S)—J/Yntn used as
studied as a function of pr and normalisation channel:
event multlpllmty (number of 0, a5 By (3872 J yrtm)
tracks in vertex detector). R= —5* < -
ves) B(yQ2S)> J/ynin)
03— T T T~ “4F THCH | 5 B 3
i ¥ 2.0<y<3.0 LHCb 1 & F C pp 5=8TeV , -+ Prompt 4 b decays .
= i 30<y<35 ﬁ =13 TeV i S |R 0.12 — P> 5 GeV/c ,.:252::" ]
-1 S - °T 25" Comover Interaction Model, Esposito ef al.
B 4’ 3.5 <y<4.5 5'4 fb . § ~ - L ’ p .
0.2 prompt — a2 B + . Molecule Compact gy Molecule
= - a 1 - at (coalescence) tetraquark (geometric) -
l 1 28 "F i E
| ] e | % -:
0.1 ﬁ 1 = - ” 4 :
B 7] Q| -~ 0041 —
i ] bN |b 0.02 :— E
O | 1 L L ] ] ] ] ) 1 | ] ] ] ] 0 - I . ) . . I ) . . . I . . ) S
5 10 15 20 0 50 100 150 200
JHEP 01 (2022) 131 pT [GCV/C] PRL 126 (2021) 092001 Nzill;(s)

Study of production in other configurations (pPb, etc...) ongoing.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.092001
https://link.springer.com/article/10.1007/JHEP01(2022)131

Probing the nature of the x.,(3872) &3 |GFAE

Instituto Galego de Fisica de Altas Enerxias

X:1(3872) mass just below the sum of the
D% and D0 masses (D°D™ molecule?).

The ratio R, used as a tool to study the
nature of the x.1(3872).

120 ——
N L _
Ry, different from zero indicatgs some >< 100/~ ﬁ [B)_E:ti xo1 (3872)K+ g?b(j})_ ————| BaBar 2008
compact component (charmonium or = - [ B $(29)K+X ]l L , Bulle o011
tetraquark)- 2 80__ ——  Combinatorial B b—— LHCb/Runl 2014
r g B Total H’ .
R, = -—mVON_67102120122004 & OO0 ER BESIIL 2020
vy L'y, 3872—1py = - ++ 1 |
< 40 Jf .
Generally inconsistent with calculations §= - + 4 # . —e—i LHCb/Run1 2024
based on pure D% and D molecule. 3 20 4 + 1, Bl LHCb/Run2 2024
O - P R Lo AARANLTRERY AN 1= r = 1 +-5 L ! ! i
Agrees with wide range of predictions, 5 5.1 5.2 5.3 540 12 30
including c¢ charmonium, ccqq tetraquark myesyk+  |GeV/c?] e G572y
and molecules mixed with substantial LHCh-PAPER.2024.015
compact component. arXiv:2406.17006
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https://arxiv.org/abs/2406.17006

Charmonium Pentaquarks discov

Observation of J/ip resonances
consistent with pentaquarks in 2015.

Clean A,°—J/YpK- signal, almost
background-free.

Clear structure in m(J/yp), indicating
the presence of exotic contributions.

Fit without J/iyp resonances cannot
describe the data.

Two P..* states needed to get a
reasonable fit. But fit is not perfect.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.072001

[GeV?]

2
Jyp

Latest on Charmonium Pentaquarks &g !GFAE

Instituto Galego de Fisica de Altas Enerxias

Stat M [MeV] I' [MeV] (95% C.L.) R [%]
Four years later (2019) : ~10 x ; : =
P (4312)* 43119 £0.7158 9.8 £2.73] (<27) 0.30 £ 0.07 334
more data. P, (4440)* 4440.3 & 1.374] 20.6 + 4.9487 (<49) 1.11 4+ 0.331022
P, (4457)* 4457.3 £ 0.6+ 6.4 £2.0+5] (<20) 0.53 £ 0.162033
Structures in Dalitz plot more
evident. D’ >t D
2 2 « 3 peaks right below the EOF | LHCb
LHCb 10 ~ 2.D%and X.;*D0 s ropo b — ot it
24 E thresholds. = T — background
? S soof-
(@] . ] L
22 p « Full angular analysis S [
- X . .
- i necessary to determine § 600[-
20 - S quantum numbers (work in 3 i At
- S~ ~ 1
I & progress). Coupled- S 400 #w .
i T : é’ i (4440)" | P(4457)
18- S channel analyses of line i
[ : g shapes may be necessary. 200
16 i ' EEEEE N | IS TS T T | 1 :
225335445555665 0

4200 4250 4300 4350 4400 4450 4500 4550 4600

[GeV?]
My My [MeV]

PRL 122 (2019) 222001
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.222001

. A
Charmonium Pentaquarks to Open Charm ? &g |GFAE

Instituto Galego de Fisica de Altas Enerxias

« Observation of A,>—A.*D™®°K- and
AL—A D decays.

1000 p——TF——mm—m—r—————T——— -
. . . . N - - % Data
Dete_rmlned ratios of branching e - * LHCb 5.4 b1
fractions: = 800 | H — Full model
~ e BCTTIIIIT /10—>/1+50K_
0 — ) - b c
B(Ay— JWpK™) — 0.150+0.032 2 600 Il e
0 +Pn0r—-\ —0.028 3 : Ay = ATKm K
B(Ay— A DYK™) 2 : O "
5 00 F 4 B A= 47 D) 0 K
y 0 + [0 —
B(AY— JjypK™) 0 E 1 - 2! D), K
b — — 0.049+0011 o AO A+ 0 EOK_
B (Ag —> AZ!_D*OK_) 002 p— [Alm ]26(2455)+

5400 5500 5600 ) 5700 5300 Combinatorial background

Eur. Phys. J. C (2024) 84:575 (AjEOK‘) [MeV]

» Possible P..* contributions to these
decays? Amplitude analysis needed.
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https://link.springer.com/article/10.1140/epjc/s10052-024-12752-3
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2. Rare decays:

 Angular analysis of B® - K*%e*e™
« Search for :

* BY—utuy

o Bég)_)lfﬁll_

o BO—putr™

* D —ptu-

o D*O—>,u+,u‘

A. Romero Vidal
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b — sf* ¢~ transitions

« Decays mediated by b —» s£*¢~ quark transitions

suppressed in the SM due to the absence of Flavour Ry results: PRL 131. 051803 (2023)
Changing Neutral Currents (FCNC). - Can only [

occur at loop level. 4L LHCDb Rk low-g2 = 0.994+0%%1

b wW- s b t s [ 9fb~! Ry central-g> = 0.949*)0%

ey T 1 ’+ - Ri+  low-¢* = 0.927“:((’,:((’;5’,

R Y \ - p—

W = W u+ e i Ry central-¢° = 1.027“:((::‘(’,%:‘,

S s !
« But this is not necessarily true in a NP scenario. ! t

: " 0.8
» Measurements of the properties are sensitive to new !

particles with masses up to ~100 TeV: [ I ]SJICIM x2 =16, p=0812, 0 =0.2

0.6 -

« Branching fractions.
 Angular analysis of B » K" ¢*¢~ decays.

B(B->K®utu~
« LFU tests: R, = B((BAK(*)’: +Z _)).

Rk low-¢*> Ry central-¢> Ry low-¢° Ry~ central-¢°

q* = m*(£*7)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.051803

Angular analysis of B® -» K*Yete™

« First angular analysis of B® - K*%e*e™ decays in the
central g2 region (g% = m?(ete™)).

« Dataset: Full Run1+Run2 (9 fb-1) statistics.

* 4D unbinned fit to the B mass and angular distributions.

1 d4(T +T) 9 S;: CP-averaged observables.

— 3 102 2 / —
dT+T)/dg® dg2dd 327 [5(1 — Fr) sin” 6, + F1, cos” b Pi( ): Optimized observables (reduced form-
+1(1 - F)sin® 0 cos 26, factor uncertainties).
- o Flonsitading — F, cos? 6y, cos 20; + S5 sin? 6, sin® 6; cos 20 P5’ — Ss
Fraction of longitudina \/ FL(l - FL)

polarisation of the K* + 5, sin 20, sin 20; cos ¢ + S5 sin 26y, sin 0; cos ¢
.. LFU observables. Obtained by comparing
Forward-backward 1 App sin® 0y cos § in 26}, sin ; si 4 . . .
et bIk S IImey) o gAEE I 0, B0BVL - Syaill 205 i B R results with already published muon analysis.

of the di-lepton system . _ _ s o .
+Sg sin 20, sin 26, sin ¢ + Sy sin® O, sin” §; sin 2¢)]

Qz’ - P(M) o P_(e)
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Angular analysis of B® -» K*Yete™

* Projections of the model from a 4D unbinned fit to the B

mass and angular distributions. * Angular observables measured in the

S q” region [1.1,6.0] GeV?/c?.

% S Igft: v T?ltf“ l, '_ L r‘”\ :[LH'CbI relimin '] ' {
o i | | i Swof
= H“ﬁ%ﬁf’ ] BT i v 1.0 .
S T b 1 5 sl N = ’ [LHCD preliminary] ABCDMN
: 20k \\\ //,/ \\“\\\ [LHCb preliminary] ] },H. oot 1 i‘{- C; 9fh! H GRvDV
= 0750000 5200 5400 5600 0 =05 0.0 0.5 < ‘
m(K*tn~ete™) [MeV/c? cos by 2 I
S — . N 2 00 i g L
g_/ 60 }l_.l.[LHCb preliminary] - E 10 ‘_+ + + [LHCb preliminary]_' O E@ @] I
g‘m?\ﬁfﬂ H ﬁ S L HJ[#H} f —Fr ﬁ#ﬂw 05+
> - 2
Y Wt T
T o 1T AT
_Ol'i(i),fiffifi:ii(;)tt5:ti:f?ififé%féfffff:ii:i()i[éi.ff?:f; . e -1.0 - - - - - - :
. . . . cos 0 ) 0 2 FL S3 S4 S5 AFB S7 Sg S9
¢ [rad]

» Good agreement with SM predictions.

LHCb-PAPER-2024-022 in preparation
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Angular analysis of B°

. Pi(') based on F;, Arg and S; - Reduced form- « LFU in angular observables. (); = PZ.(“‘) — Pi(e)
factor uncertainties.
« Obtained by comparing with B® -
K*°u*u~ analysis ( PRL 132 (2024) 131801 ).

1.0 , _
é [LHCDb preliminary] ABCDMN é’ 04l — ABCOMN
> 3 9fb~! T g:lDV g = 9fb-! ¥ Daa
_% 0.5+ o )
< T S 02F
3 | — 1 5 bt
Z 0.0 - P N 2 ool
R (TR e I A |

" —02F |

|
S
N

I
"

I
[E—
-

FL Py P, P, P, Py P; P3 Or, O1 Qs Qs Q2 Qs QO3 O

LHCb-PAPER-2024-022 in preparation
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.131801

Search for the B —u*uy decay

B)—ut*uy vs BO_’II u Indirect search from B?—u*u~ analysis

(@) w+ P +

—

%>~< % —PRD 105 (2022) 012010

5 " @ . E LHCb - Dz:a E
Bg% M RS 20t 6 fo! e ;?—iw- ]
> [ 0.70 <BDT < 1.00 — B :
é) 15 K- — Biopwy 7
- Sensitive to a larger set of WC (C7 9 10) than B —pu*u (Clhg).g ~ HN R i
: ;_ B'—Ku vf, _:
o BBI->utuy) ~B(B2—utu), but larger theoretical é 10: . Qéﬁi‘,’,ofw .
uncertainties. = Sf BTy, E
& TN WM YT Combinatorial i
5 Freee 5
* Worse mass resolution due to the photon reconstruction. © 0 Foeiee LA NG 4= ]
—
« Theoretical prediction ( JHEP 11(2017) 184 ): 5000 5500 6000
m.- [MeV/c?]
© B(BS—UWY) 10w q?(<8.64 GeV?/c*) — (8.4 +1.3)x107° B(B, —u*py) < 1.5(2.0)x10° at 90% (95% CL)
* B(BOUWY) nigh g2(>15.84 gev?/cty = (8.90 £ 0.98)x1071° with m(u*u)>4.9 GeV/c2.

[ gZ=m?(u*u”) ]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.012010
https://link.springer.com/article/10.1007/JHEP11(2017)184

Search for the B —u*uy decay

« Dataset: 5.4 fb-! of Run2 data (2016- Mass fit in all g2 bins

2018). A | .

L - LHCb —J— Data ] L F LHCb ]

> 35F S54fb! — Total 4 > I180F sap E

p= C m(ptu) € [2my, 1.70 GeV/c?] DBg—m*ﬂ-y - p= 160 - m(u*u-) € [1.70, 2.88] GeV/c? ]

. . . = - B syty-n0 = 7

 Direct search in 3 g? bins. g8 el ] B uof 3

§ 25 = :-- ga;':";l rgco. _E g 120 ;_ _;

. . g 20 F Combinatorial = g 100 3

« Bin | :low g2 (with ¢ vetoed). EE : + 3 2 wf 3

« Bin Il : middle g2. 1oE j, 3 jg— E

 high 2. st Binl H o :

0 E e A R 0; --------- Ezzisn P T

. . B : | I I 5000 5500 6000 5000 5500 6000

_ Binl| Binll . in m(uuy) [MeVic?] m(utuy) [MeV/c?]
=: T L l T i

S ~ T0F N~ 35— ———————]

g P “ X Wb 38 T ;

F: Jy S . R 30 m(u*ir) € [2m,, 170 GeVic?), ¢ veto E

3 1 Q S50F = - . , 3

oy w(25) e Tk 3% P Bin | without ¢

& 1 g " ] § ot 3

5 ¢(1680) % 305— E % 155 _5

1 S 20F 4 3 F 3

. F 3 10F 3

- | | o s

' C(9,)10 FSR OE E 55_ -lz

AU . IR e 105 T 3 0: R T T N T

S 10 15 20 25 30 B 5000 5500 6000 5000 5500 6000
q* [GeV?/c4] m(ut-y) [MeV/c?] m(utu-y) MeVi/c?]

¢-veto
JHEP 07(2024) 101
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https://link.springer.com/article/10.1007/JHEP07(2024)101

Search for the B —u*uy decay

*

No significant excess is observed.

Upper limits on the branching fractions (at 90
%(95%) C.L.):

B(By— utu )1 < 3.6

BB = ptp ) < 6.5

B(BY— ptuy)m < 3.4

B(BY— w ™)1, with ¢ veto < 2.9

X 10_8,
x 1078,
x 1078,

4.2
7.7
4.2
3.4) x 1078,

N N N N

)
)
)
)
B(B? — 1177 comb. < 2.5(2.8) x 1078,

First direct search of Bd—u*u~y at low 2.

10/9/24

Differential branching fraction B—u*u-y

JHEP 07(2024) 101

107°

Lg' ET ™~ ™ " 1 1 T rT T T
= —— LHCb direct (5.4 fb™ )
°"> - LHCb —e— LHCb indirect (9 fb™')
[} —7 [ Single pole
o 107 F & Multipole
o = SCET
__84 = ) Jy [ LCSR
2 10k LQCD + HQET + VMD
;: E l l W(ZS) E=SLQCD + HQET
S g —
5 9
1 0— E AR
N =
S n
= “10 L EEFEAR R CEEERRRERRnT RYEERRRRRRII
31007 F
E —1
10—11 E
10—124IlllllllllllllIIllllIlllllIlll
0 5 10 15 20 25 30
g2 [GeV?/cH]
Run3 data is expected to improve sensitivity.
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https://link.springer.com/article/10.1007/JHEP07(2024)101

Search for B(SO) —u*tu” in B —ntutu~ decays *

. . 35 SSASIM ST AR/ SY VS S
. B(s)—>#+ﬂ' can provide constraints on WC complementary 0 LHCD preliminary e Data
- 9 fb! Total fit
to B(S) —HRH decays. 25 SR Combinatorial

------------- BI-B(uw) m*

20 + *0 -
«  SM prediction 8~10-"" (PRL 116 (2016) 141801). E Bi—B (uw) m*
» First search for B(S)—mm— decays. 10 i H ‘ +H‘ ]l l‘ .

Candidates per 10 MeV/c?

()]
—
.':8:‘.

:
| - ——
——
——

R _ BB = B, (w'u ) 6200 6400 6600
Bl wtu )t It = T B(Br s Jhpmt) m(m ) [MeV/c?]
20 [ T T N T T T T T T T T
+ Full Run1+Run2 dataset (9 fo-1). L p LHChpreliminary :
v 15F -
p= B )
»  Search within the Bf —Bm*—u*u n* decay chain. oo f J ”’ ]
g 10 e
« Exploit displaced B/ vertex to suppress background. § | ’ ’ . ’ ]
] | " v
g T
. Simultaneous fit to m(x*") and m(r*u'ic). LINELE AN SR L. S i
. RB*O(H+M_)7T+/J/’1/)7T+ < 38 (52) X ].0_5 at 90 (95)% CL, I l l 5300 . l I l 5400 l I l l 5500
* No signal observed:  Rp.o(,+,-yrt/gr+ < 5.0(6.3) x 1075 at 90 (95)% CL. m(u' ) [MeV/c]
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https://cds.cern.ch/record/2899962?ln=es
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.141801

Search for the LFV B—¢p(— KK )yttt

Possible in SM with neutrino oscillation (B8<10-0).

In some NP scenarios could be as large as B8~10-1.

First search of the decay B,0—¢u*t™.
Data from full Run1+Run2 sample (9 fb-1).

Signal reconstruction with ¢(—K*K~) and t—3nv
(including tT—3r%).

Missing neutrino: reconstruct Bs® mass using
kinematic fit (vertices and tau mass constraints).

g 0'14;_ LHCb simulation -3z E

> 0.12F = 37" .

£ of e 1 Signal mass

< oosf 1 distribution from
sz simulation.
0.025

me, [MeV]
arxiv: 2405.13103

Candidates / (100 MeV)

Candidates / (100 MeV)

—_— =
S N B

12F
10F

The model includes four different background

S N A A [e ]
TT TTTTTTT

14F

S N b A o
TTTT T T[T T T[T TT]TT

shapes.
exponential
— I —-Data —Total fit
F LHGb - sooth bkg, [l Dén bkg. ]
- 3z signal  []377° signal ]
- -—-0-—-% “tegs \\'i ----- % _:
I 1 NN i ]
5000 5500 6000
mg, [MeV]
quadratic
— LIHCb - Data — Total fit
F 7 ---Smooth bkg. [l D¢ bke.
()37 signal 3770 signal ]
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Candidates / (100 MeV)

Candidates / (100 MeV)

linear

14F
12F
10F

——Data — Total fit
LHCb _ Smooth bkg, [l D7 bke.

i

S N B~ N o0
TTHT T T[T T T TTT T

14F
12F
10F

37 signal 137 n° signal _E
[ R NN\ 1
5000 5500 6000
m,, [MeV]
Linear x exponential
' LIH " = Data — Total fit 3
: fb(_jlb - --Smooth bkg. [} D= bks.
37 signal  []377° signal 3

S N £ [=)} [ee]
TT TTT T T[T TT 7T
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https://arxiv.org/abs/2405.13103

Search for LFV BL—¢(—KK )ttt %

No excess observed over background-only
hypothesis.

First upper limit on this decay mode.

LI LI LI
I I I

|
—= - Exponential
LHCb  — Linear
9 fb! -4~ Quadratic
-7 Lin. X exp.

10/9/24

arxiv: 2405.13103

B(pu )x10°

Sensitivity comparable with other b—sut searches.

B(B?— ¢ut7t7) < 1.0 x 107° at 90% CL,
B(B?— ¢ut7t7) < 1.1 x 107° at 95% CL.

1p ——
0.9 LHCb 9 fb™!
0.8 —— Observed
0.6 ClEexp.£10
0.5 [ Exp. £ 20
0.4 E

0.3 §

0.2 .

0.1 :

% 0.5 1

B(outt)x10°
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https://arxiv.org/abs/2405.13103

Search for the rare D°—u*u~ decay %(%

. () =S L B I
» Very rare flavour changing neutral current % 200 LHCb — Toal
(FCNC) decay. % 180 g_ 6 fb :gor;;iﬁatgrial
* GIM mechanism stronger in charm than in E 123: 0.666 <BDT < 1.0 gf,j)[’g_”;
beauty decays. i KAt - 120 =
+ Helicity suppressed. Do{ 3 50
» e it T
«  SM prediction B(D°—pu*u~) ~ 1011 R A F#WMW
0 AN
. ) ) 1800 1850 1900 1950 2000 2050 2100 2150
« Sensitivity to NP, e.g. contribution from m(utu-) [MeV/e2]
leptoquarks. .
20 LHCb e
« Search using D**—DO%* decays. sooE 617 " Combinatorial
« Two normalisation channels: D°—n*r~ and 0.666 <BDT < 1.0 A
150

DO—K*n~ decays.
100

* World best upper limit:

|||||-1H||||||||||||||||||||

Candidates / ( 0.1 MeV/c?)

50 okt
i SN
0 +,,— -9 AN —
B(D° - utu~) <3.1(3.5) x 10~ at 90(95)%C.L. 0 &L L - == r =

Am [MeV/c?] PRL 131 (2023) 041804
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041804

Search for the rare D*0—u* M decay %)(%

Complementary search to DO—pu*u-.
No helicity suppression (vector meson).
Search of D*0—y*u~ in B*—n*D*? decays (B=4.9 x 10-3).
Signature:
 Reconstruct B+—n*u*u~ decays.
« Search for simultaneous peaks in u*u~ and n*u*u-
invariant masses.

Normalisation channel: B*—K*J/y(—u*u").

Main backgrounds: combinatorial background and mis-ID
B+_>K+'Ll+ll_.

First result in this decay mode:

BD* - utu™) <2.63.4) x 1073 at 90 (95)% CL.

10/9/24 A. Romero Vidal

ND - ' ' ' I I I .
Y E 91b
= 10 —
o -
o0 8
5) 6
= -
S 4k
3 F 1 | L el
s cply bt 3
8 0 T
2 C N N N 1 N N 1 N 1 N N 1 N | N N N .
1900 1950 2000 2050 2100
m(,uw ) [MeV/cz]
NQ) 18 I ' ! ! I ' ' ' I I =
; 16 LHCb ) Data _:
v 14 9 fb! Total f1t E
P : e B D) w3
w 2ol B” — muuw E
S 10H [N e B — K utu 3
— X /] e Combinatorial 3
28 :
= 4
:'Q ) afhh
S ’ » a
= o =
QO L S Y [
5200 5400 5600 5800 6000
Eur. Phys. J. C 83, 666 (2023) m(Z~ ') [MeV/c?]
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https://link.springer.com/article/10.1140/epjc/s10052-023-11759-6
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3. CPV in Charm:

e« CPVinD® - ntm—rV

A. Romero Vidal

27



CP violation in charm

» In the SM, CP violation in charmed hadrons expected « LHCb’22: Measurement of A.p(K*K™) ( PRL 131
to be very small (10™* — 1073). 091802 (2023) ).

Acp(K~KT) = [6.8 & 5.4(stat) £ 1.6(syst)] x 10~

at_ . = (7.7+£5.7) x10™* (l.40)

» Theoretical predictions difficult to compute due to low-

energy strong interaction effects. (0 = 0.88)

al . = (232+6.1) x 10| (3.80)

« LHCDb’19: First observation of CP violation in charm
( PRL 122, 211803 (2024) ).

First evidence of direct CPV in a specific decay.

 Time-integrated CP asymmetries in D® - K*tK~ U-spin (d < s) svmmetw (ag-x- +ai . =0 ) violated

and D° - wtm~ decays. at 2.70 level: |ag-g- +ai . = (308 £114) x 107

F(Do(t) N f) _ F(Do(l) N f) 0.006 :_ I%ILI-IICbIcolnbllnatllonl 8I7fll)1 o e _:

A )= = ’ [ zuens combination, ! ]

=500~ H+T0°0) » /) ol T e 01 :

AAcp =Acp(K"KY) — Acp(nnt) = (=154 £2.9) x 10~ 0.002 - E
< 'll: 0 : 3e

N - e ]

5.30 deviation from no CPV hypothesis 0002 e E

—0.004 corif.(;df—s-hold 68%,95°% CL E

. : T
—0 004 —0002 0 0.002 0.004

: d
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.091802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.091802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.211803

Time-dependent CPV in D° - gt~ n® %

« Time-dependent CP asymmetry can be
expanded as:

F 0_> cp t - I_‘_o_> op t . t
Acp(fep, ) pssor () =i gy () dir 4 AYfCPT—
1)0

~ a
FDO—>fCJP (t) + F50—>fcp (t) fep

 fcp: self-conjugated final state (rtm~n?).

« 150: DO lifetime.
» Neglecting direct CPV (af
becomes independent of the final state.

« Dataset: 2012+Run2 (7.7 fb-1).

« DY reconstructed from D** - D%zt decays.

« Sample divided depending on t, data-taking
period, magnet polarity and 7° - yy category

(resolved or merged photons.)

 Fit of A, vs time to measure AY.
10/9/24

), the gradient AY; .,

Candidates

0
140 145

AY = (—-1.3£6.3+£2.4) x107*

* Consistent with no CPV.

« Statistically limited.

* First measurement of time-dependent CPV in a decay

with 70 in final state at hadron collider.

A. Romero Vidal

arXiv:2405.06556
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https://arxiv.org/abs/2405.06556
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4. CKM:

* sin(2p) with BO—yKg0

* ¢, with BO—JY¢

e 355 with BL— g

« AT, with BY - J/Yyn"and B - J/Yn* ™
« Simultaneous determination of y

A. Romero Vidal
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The CKM matrix

* Quark flavour mixing determined by the CMK matrix. It connects
weak to mass eigenstates.
Vud Vus Vub :
VC KM — Vea Vs Ve = oof
th Vts th :
:_ Sy |
« Unitarity of CKM matrix leads to the unitarity relations that O pm AY &
form triangles in the complex plane. Y AT |\ A
"1.0 -0.5 0.0 0.5 1.0 15 2.0
Z VlkV]’;c =0 ) ViV
k a = arg(— VudV:;b)
_ VuaVup
« CP violation in the SM comes from a complex phase in the v=arg—y )

CKM matrix.

10/9/24 A. Romero Vidal 31



Measurement of sin(2f) with BO—y(— ¢+ )K(—nrtn™) *

« Measurement using Run2 data (6 fb1). PRL 132, 021801 (2024)

« Three decay modes:
S, C, Axr : CP violating parameters

o BOoJY(—utu)Ks(—mtn), 306k events.
¢ BO'—J/Y(—ete )Ksl(—mtn), 42k events. Amg, : B® — B° mixing oscillation frequency
o BO—yY(2S)(—utu)Ks(— ), 23k events.

AT, : B® mass eigenstate decay width
« Time-dependent analysis. difference. Compatible with zero.

* Measure CP violating parameters S and C:

TB°—=f)—-TB°—f)  Ssin(Amyt) — C cos(Amgyt)
[(B® — f) +T(B° — f) cosh (% Ath) + Apr Smh( Ath)

CP —

Acp = S sin(Amyt) — C cos(Amyt) A ,: contributions from penguin.
VoV decays. CKM supressed. Small in SM.
B = arg [_ cd cb]
ViaVy S~ sin(2f + Adg + Adyp) A¢yp : possible contributions from NP.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021801

Measurement of sin(2f) with BO—y(— ¢+ )K(—nrtn™)

10171771
« Weights to subtract background determined to a fit [ BB yid asymmerry '
. - —— Total fit
to B mass (sPlot technique). o5l
1055'"'|""|""|""|""|""|""E 104 Data =
o i t Data B = Jpp(=ptp)K§ — T
v LHCb B oK z © B (28) (- utu )KY ] S, 00f
= 1 6fb! ~= B (28) (o )KY ] 8 BO > (e ) K S _
é) == B%— Jap(—ee”)KY — 103 -
104 | BYd(— COKY o S - LHCb
g r Combinatorial bkg. ~ —0.5F
N Par“cial bkg. 0 [ 6 fb_l
2 Fowt i g 10 [ BO (= 0K () ]
= < S [y | ASFUPUR IR IR ST I R
Z 10%¢ S 0.0 25 50 75 100 125 15.0
E = 10 t [pS]
& O
PRl o o0 N o DA nnndla a8 lnnnnllnnnnflonnn 100:_ —
105150 5200 5250 5300 5350 5400 5450 5500 P '25 50 75 '100 12; 15.0 Sln(ZB) Sln(zq)l) %
m(z/JKg) [MeV/cQ] . ' " [ S] ' ' . EREN (2009):072009 § 3 06920032001
. . . . . p ESE%BX(}%O§112001 ], 069+052+0.04%0.07
» Fit to decay time distribution to measure S and C. o Jty (o) K, L igesoscon
PRD 69 : : :
Belle (2004)5052001 | 0.67 +0.02 £ 0.01
PRL 108 (2012) 171802 sz,
« Single most precise determination of CKM phase £. R T b e mrore
EIEJA(IJ_S 379 (1.998) : ? —
CDF N N 0.79°53
. . . PRD 61 07200.5 (2000)
+ Statistically dominated. | S, o = 0.717 & 0.013(stat) & 0.008(syst) —— | e | e
S Egﬂi%%(zomi)ﬂmm '_*' —" 0.5720:58:20.08
C,xo = 0.008 £ 0.012(stat) + 0.003(syst) ol S N

PRL 132, 021801 (2024) yhe

-2 -1 0 1 2 3
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021801

Measurement of ¢, with B,>—J/iy¢

» A golden mode for the study CP violation. B0 \<

* Probe of CKM phase p. (b

PRL 132, 051802 (2024)

* Neglecting sub-leading loop contributions:

106 = T — : g

- E LHCb Run 2, 6 fb! ¢ Data ;

. o 10° — Total fit _

- — - Signal -

. N - e al ---- Background
:BS arg [ Vcch*b] 10 T BO_) > y pa

Candidates / (3.5 MeV/c?)

3L n
« SM prediction very precise: 10°E // \\
2 :— i'\"‘\ / \ —:
. _2BSM = _0.037 + 0.001 rad 107 s N
- /’," ‘- \\ ]
— LSS
5200 5300 5400 5500

m(J/y K'K~) [MeV/c?]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.051802

Measurement of ¢, with B,>—J/iy¢

PRL 132, 051802 (2024)

- ¢S extracted from 4D fit to decay time

and 3 helicity angle distributions. 10° ' b Run 2 6 o . 4D LHCbRun2,6f" |
Y 2 10* 5 —§- Data ’ | 100004 N g;tal fe a
2 E S 3 -=- CP-even
2 [ o ] S — Cpotd
g; 103 E_ e NG — . CP-o0dd - g ..... S-wave
§ E  The s N, e S-wave ] a i . o il
g o B S A
g C O . Yoo
_ O 10F . =
« Disentangle CP-odd and CP-even : T S
components. 1= ' 0T 0 05
« The model accounts for flavour cos Oy
tagging and acceptance. 10000
8000 - LHCb Run2, 6 fb"' ]
« Fit results with full Run2 dataset yields ., 3000 R NP AN
~ 2 [ o 6000 -
350k events. S 6000 S [ J—
— :g i P _ 3 .~ | E 4000-" e ,«""‘+Data
€65 = —0.039 £ 0.022(stat) * 0.006(syst) rad [g 4000 .- "~ Chreven R - —Toalst
S e — CP-odd ~1] B - _cp-iﬁin E
2000_5\\ ------ S-wave ”///:_ & 2000 N // \\ S-wave///_
* Most precise measurement of ¢, to date. [ T — e e Do et ]
0 -0.5 0 0.5 0 -2 - 0 — 2
cos6, ¢h [rad]

* Consistent with SM.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.051802

Measurement of ¢35 with B— ¢ ¢ %X%

Another golden channel of LHCDb.

Probe of CP violation in penguin-
dominated decays.

Experimentally very clean.

CP violation in mixing and decay predicted
to cancel in the SM.

éss‘s — (Pmixing _ (Pdecay ~ 0

(upper limit 0.02 rad, arXiv:0810.0249)

Significant deviation from zero would be a
clear signature of BSM physics.

10/9/24

A. Romero Vidal

penguin (loop) decay
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https://arxiv.org/abs/0810.0249

Measurement of ¢35 with B— ¢ ¢ %X%

« Value of ¢55% extracted from a 4D fit to

decay time and 3 helicity angles. PRL 131, 171802 (2023)
00— T T T R R B
. . . o (c) LHCb ]  1200F (b) LHCb -
» Fit result using full Run2 dataset yields = 1000} Temt 4~ F 6f!
C + ] © C ]
~16k events. S B0 A TNE S gk 4t
= + + g 800+ + o+ -+ b
L 0% 4 D (a) LHCb P F 1 £ oop E
—h -1 7 < C ]
5 . C(b)mbinatorial 3 5 200 - n 6 200 — —
E ‘- :::: 0 _,2 (,) i 0_1 ._6‘5. (|) 0|5 0
% o I x [rad]
s — .
g 1 L 103"'
5 b1 L. L. DL Run 1+ Run2, 9 fb’ LHCb - ,g_‘ 2:
5200 5300 5400 5500 5600 . —— SM prediction 15 10 §
m(K*KK*K") [MeV/c?] Run 2,6 ) S Ll
. Run 1 +2015 + 2016, 5 fb! —~f E
s> = —0.042 + 0.075(stat) + 0.009(syst) rad | ... . § X
 Most precise measurement of time- 2011, 11" 51015 :
dependent CP asymmetry in penguin- B I — R S SRR

™™ [rad]

dominated B decays to date. Decay time [ps]

« Consistent with zero and SM prediction.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.171802

Measurement of AT with B — J/yn’ and BS — J/Yntr™ *

« Tension between measurements of Al using
B? - J/y¥ ¢ decays from. LHCb, ATLAS and

CMS. « Since ¢, is small, to good approximation:
« CP-even decay measures light lifetime.
* CP-odd decay measures heavy lifetime.
0.161 2023
Theory assuming ° _\AMT H .
0141 A= 1517 £ 0.004e AT, measured from decay-width difference between:
_,|D08 fo 1t
S 0.10 « CP-odd decay: B? - J/ym*n~, which is CP-odd
£ oos via BY — J/fo(980)(> m* m),
LHCb O fo -
0.06; Combined .  Independent cross-check of the measurement of AT.
*T. errors scaled by 2,51 ATLAS 99.7 fb
0.04 Als-errors scaled by 1.88
0-%%30 0.640 0.650 0.660 0.670 0.680

rcés[ ps—l]
’ JHEP 05(2024) 253
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https://link.springer.com/article/10.1007/JHEP05(2024)253

Measurement of AT, with B = J/yn' and BY - J/yrn*n~

» Analysis uses de full Run1+Run2 (9 fb-') LHCb dataset.

. |a!fett![)n?[.d|V|ded in 8 bins. For each bin, fit to the B mass - First time-dependent measurement of AT,
istribution. : 0 '
Qstbuton. o o using BY - ]/’ decays.
‘é © i Dan LHCb ”§ " 4 Dma LHCh
> 500:——Tgta1ﬁt 2.1fb! > :_—ggta_l)fit . 211" B
2 L Ta IO S /e oy | AT = 0.087 +0.012 + 0.009 ps—"
O 4001~ B = Jiym 4 9 [ o B > JWK*n ] S
> r 1 % 3000 == B - Iyn ]
% 300 % Lo Combinatorial ]
2 ok 5 20, * In agreement with LHCb B? - J/yi¢ result
S S o and HFLAV averages.
55—00 5%(_)0 53I00 ‘ 54|00 - 5;00
m(J/yn') [MeV/c?] mJ/y ) [MeVic?]
e 024 T T E LHCH
AT, determined from a y? fit to the ratio: °§,§§ Pt T
N [e—l"st(l-l-y)] 2 (1 ) 8:125— 2018 : 2015&16 i
L t — Y 0.14F 3
R; = X L. — AF 2F 12 i E 2017 L —
‘T Na o [eTet-v)]2 (14y)’ Y /2L ryd | E
2 0.08F _ 2018 e
0.06F 3
NL: yield of CP-even decays in [t;,t,] bin o3 E Average B
Ny: yield of CP-odd decays in [t;,t,] bin S S | .
AT [ps]

t [ps]
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https://link.springer.com/article/10.1007/JHEP05(2024)253

Simultaneous determination of the CMK angle y *

*
« yis the only angle that can be measured purely from y = arg(— Vuqub )
tree-level decays. o *
y VeaVen
1.5 i L | T T 17T | T T I%’l e T T T T 1771 |
> B excluded area has CL > 0.95 ' z%a |
- T % ’
1 10 % oAmy & AMg ]
- sin2p .
* Theoretically clean. 0.5 - .
» Can be measured by exploiting interference effects in = 00 —~
B — DK decays (and others). [ ]
05 -
* Any discrepancy between direct and indirect 1.0 - v &
measurements would be a clear sign of BSM physics. - % oL ulses20<0 1
_15 i L Ll | L1 1 1 i I . | L1 1 1 | I I | [ | ]
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
LHCb-CONF-2024-004 p
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https://cds.cern.ch/record/2905625?ln=es

Simultaneous determination of the CMK angle y

y determined from a combination of:

11 LHCb B decay measurements (4 new, 3 superseded).
9 LHCb D decay measurements (1 new, 1 superseded).

B decay D decay Ref. Dataset  Status since
Ref. [14]

B* — Dh* D — h*HF [35] Run 1&2 As before
B* — Dh* D — hth ntm™ [19] Run 1&2 New

B* — Dh* D - K*n¥rtn- (36] Run 1&2 As before
B* — Dh* D — h*hFq [37] Run 1&2 As before
BE=nDh* D — KQhth~ (38] Run 1&2 As before
B* — Dh* D — KJK*r¥ [39] Run 1&2 As before
B* — D*h* D — h*h'F (PR) [35] Run 1&2 As before
B* s D*h* D— K%*h- (PR)  [200  Run1&2 New

B* s D*h* D— K%*h~ (FR)  [21]  Run1&2 New

B* — DK** D — h*h'F [22]t Run 1&2 Updated
B* —» DK** D — h*rFrta~ [22] Run 1&2 Updated
B* - DK** D — Kh*h- 22)  Run1&2 New
BE=— DhEgptp D — h*h'F [40] Run 1 As before
B —» DK*® D — h*h'F [23] Run 1&2 Updated
B% — DK*? D — hEnFata= [23] Run 1&2 Updated
B® - DK™ D — K3h*h- 24  Run1&2 Updated
BY — D¥p* Dt —» K~ntnt [41] Run 1 As before
BY - DFK* Df —» hth nt [25,42]7 Run 1&2 Updated
B? — DFK*n*tn~ Df —» hth n* [43] Run 1&2 As before

10/9/24

LHCb-CONF-2024-004

A. Romero Vidal

« 27 auxiliary inputs from LHCb, HFLAV, CLEO-c
and BESIII (1 new, 2 updated).

Many Beauty and Charm measurements share

parameters and provide complementary

information.

* Produces a single LHCb value for 29 physics
parameters (+ nuisance parameters).

D decay Observable(s) Ref. Dataset  Status since

Ref. [13]
D% — hth- AAcp [41-43] Run 1&2 As before
D° — K*K~ Acp(KYK™) [43-45] Run 2 As before
D° - hth™ yop — Y& ™ [46,47] Run 1&2 As before
D° — hth- AY [48-51] Run 1&2 As before
D° —» K*r~ (double tag) R*, (z'%)?, y'* [52] Run 1 As before
D° — K*n~ (single tag)  Rkx, Ak, ¢y Ac)  [27,53] Run 1&2 Updated
D° - K*r¥ntqn~ (2 +y?)/4 [54] Run 1 As before
D® - KQrtn~ z,y [55] Run 1 As before
D° - Kdntn~ zcp, Yop, Az, Ay [56] Run 1 As before
D° » Kdntn~ zcp, Yop, Az, Ay [57,58] Run 2 As before
D°— ntr—n0 Ayeft [26] Run 2 New
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https://cds.cern.ch/record/2905625?ln=es

Simultaneous determination of the CMK angle y %

y = (64.6 + 2.8)°

0.7° (20%) improved precision with respect to LHCb

2022 combination.
Reduced tension between B® measurements.
Consistent with global CKM fit predictions.

Statistically limited. Run3 data will improve the
precision.

2022

L Preliminary
I Summer 2024

10/9/24

v[°]

1.0

1-CL

0.8

0.6

0.4

(=2

0.0
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LHCb-CONF-2024-004

LHCb 2024 y combination per B decay

T T T I T l. I T T T T T T

T T T T T 7
" LHCb g |
| Preliminary &
| Summer 2024 :

T I T T T I T T

I T T

20 40
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5. Electroweak:

« effective leptonic mixing angle sinzeﬁff

A. Romero Vidal
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Measurement of the effective leptonic mixing angle sinzefff *

A fermion of charge Q and third weak-isospin
component I; has both vector and axial vector

couplings to the Z boson that depend on the weak- z 2 A% .
mixing angle 0y x 1+ cos“0" + A, cosO

 Vector coupling: v = I3 — 2Qsin?0y, q ALLO !

* Axial-vector coupling: a = I3 A N(cos6*>0)—N(cos6*<0) _ Np—Ng 3A

FB — X x — NoanN. gl
Presence of vector and axial vector components N(cos§*>0)+N(cosf*<0) Np+Np 8
introduces a forward-backward asymmetry Azp. -
2
— w i 2 — (1 - "™w .

At tree level, cos8,, = - = sin“0y, = ( m%) . 0 7
sinzefff accounts for higher-order corrections. [+

Key parameter in the SM.

Potential sensitivity to BSM processes.
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Measurement of the effective leptonic mixing angle sinzejff *

o i i - -1
Analysis using Run2 dataset (2016-2018, 5.3 fb™). Compare data with predictions to extract the value of

sin?0%; that best corresponds to data. A y? is

« Main kinematic cuts applied:
computed.

+ 20<7, <45

« ph>20GeV/c KO ' ' ' ]
* 66 < M,, <116 GeV/c? ) :
s L LHCb 5.4 fb~! ]

« Background (~2 per mil of events) estimated from :
simulation and subtracted. 20 §
* Fit Agg in 10 bins of An (cos@*~tan%n). An=n-——nt. 15F ]
« Simulation shows that this binning improves sensitivity 10 ’
to the weak mixing angle by 14%. o Y B

0.230 0.231 0.232 0.233

sin? 0%
. sinzefff extracted using predictions at NLO in the
strong and EW couplings using POWHEG-BOX.

LHCb-PAPER-2024-028 in preparation
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Measurement of the effective leptonic mixing angle sinzejff

Result;

~— Total uncertainty

ao10_I_IIIl"l""l""l""l""""'I""" Illllllll_l Statistical uncertainty
< .

LHCb 5.4 fb~!
—  sin?0%=0.228 _— ] SLD, A,
PRL 86 (2001) 1162
008 I~ i Sil’l2 geéff = 0235 B — N LEP combination, Ag’}b

Fit result . ) Phys. Rept. 427 (2006) 257

« Consistent with previous measurements 4 Daa { 7 ATLAS 7TeV
0.06 - [ } .

sin® 0% = 0.23147 + 0.00044 =+ 0.00005 =+ 0.00023

LHCb 7 and 8 TeV

and indirect determinations from global _ ] THEP 09 (2015) 049
electroweak fit - - + ] THEP 11 (2015) 190
) r I Gl Tevatron combination

0.04 - + _ PRD 97 (2018) 112007
. 4 CMS 8 TeV
EPJC 78 (2018) 701
ATLAS 8 TeV preliminary
ATLAS-CONF-2018-037
CMS 13 TeV
arXiv:2408.07622
LHCb 13 TeV
This analysis
Tlectroweak Pt 0. Haller etal)
EPJC 78 (2018) 675
Electroweak Fit (J. de Blas ef al)

PRD 106 (2022) 033003

I | I

0.228 0.23 0.232

* Precision dominated by statistical [ b ]
uncertainty. 002 = ]
=+

Direct

- Aim to improve precision with upgraded %0 b
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50

LHCDb detector (~5x more instantaneous |An)
luminosity).

Determinations pemiddeasurements

Indirect

LHCb-PAPER-2024-028 in preparation
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6. Semileptonics:

 LFU in semitauonic B decays
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LFU in semitauonic B decays %X%

* In the SM, couplings of the gauge boson with charged
leptons are independent of flavour - Lepton Flavour fractions to final states with different lepton flavours

Universality (LFU). (€ € e, ). Br(B® — D™ 1y,

LFU can be tested by measuring ratios of branching

« Branching fractions involving e, u and t leptons differ Br(B® — D(*){v,)

only due to their different masses (phase space and  « \ery clean SM prediction due to partial cancellation of
helicity suppressions). hadronic form-factor uncertainties in the ratio.

- Some extensions of the SM predict new particles that « Experimentally, also some systematics cancel.
can break LFU: W', Z’, leptoquarks...

et ut, T et T et ut, T  LHCb results on R(D*) based on two 1 reconstruction

/ .
. W z methods:
77 T " Gonthnd
e T Ve, Vi, V7 e o, T

* Muonic mode 7 - pu"v,v;.

* In some NP scenarios, new particles couple « R(D*) and R(D?) (2023) [PRL 131. 111802 (2023)]
preferentially to the third family - Important to study (supersedes [PRL 115. 111803 (2015)]).
semitauonic B decays. « R(D**)and R(D*) (2024) [arXiv: 2406.03387].
« Hadronicmode 1~ » n ntn v,
° Any significant deviation from LFU is a sign of NP. . R(D*"') [PRD 108, 012018 (2023)] [PRD 109, 119902
(2024) (E)].
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://arxiv.org/abs/2406.03387
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.119902
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.119902

LFU In semitauonic B decays

Muonic mode 7~ - u™v,v,

Hadronic mode ™ >ttt v,

nt i '
¢ “ -
R(D*) and R(D°) D° B’ 5 D*r v, n K~ "
[PRL 131, 111802(2023)] “‘ i [Phys. Rev. D 108, 012018] & - e
—0 . o* v, 2023 ‘. nt
. E --?"““‘Dg...'.’r_ 7] Vr
a ] e T B
P P _ i
PV p o -
™
0 - +
RO @d R(OY) L Y " .\  Tau decay vertex is reconstructed - Access
an . .
[arXiv:2406.03387) ‘u“ ” to tau decay time (signal/background
BD‘g - g discrimination).
a ‘ E‘-" .'. ﬁ,-
P Y P - ” * Higher purity.

- Higher statistics. * 2 missing neutrinos.

« External inputs needed (branching fractions of
normalisation modes).

10/9/24 A. Romero Vidal 49
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Muonic R(D**) and R(D*) (2024) %

First LHCb measurement of R(D)/R(D*) using D* -

K-mtmt. arXiv:2406.03387

x106| .

xlO(f ——
944 < ¢2<11.8 GeV¥/c*

o
~
O

—
LHCb 2fb!

LHCb 2fb 3

N

~
o
S
)

« Primary goal is to measure R(D).
« Feed-down from D** - D*x%/y with not
reconstructed ° or y gives also access to R(D*1).

o
=]
]
W
|

=) =
SN e w
NG W G

=)

o

¥}

(=
(=} b
—_
w

< o
o S =
W = W
S
o
[

Data sample: 2 fb-! of 2015-2016 data at 13 TeV.

=
[=3
(=}
W

(=}
Candidates / (0.67 GeV?/c%)

Candidates / (1.18 GeV?¥/c%)

0 5 10 0 5 1-0
. . 2 2
3D template fit to g%, energy of the muon in the B rest ¢[GeVcl] m?, [GeV?/ct]

frame (E,) and the squared of the missing mass (m2,;.).

B B->D't7v ig 0.03
. B 3 ->D* v S 0025
R(D™) =R(D) = 0.249 + 0.0434:4: + 0.047 55 B—D'X. X @0,022
R(D**) = R(D*) = 0.402 + 0.08144; + 0.0855y B B ->D** /v 2 001
Comb + misID g F
p =-—0.39 W EoD v % 0.01F
Compatible with SM at 0. 784 level and wit previous WA B 5D uv 8000t
at1.090o. 0 1000 2000
E, [MeV/c?]
Main systematics from form-factors parameterisation and
baCkglg%lfzqd modelling. A. Romero Vidal 50


https://arxiv.org/abs/2406.03387

New R(D)/R(D") World Average

Tension with SM slightly reduced.

9/(‘.\ 0.4 -T | @ I ¥ & W N I LI} I LI B B ) I —— N o l N8 l L | 0 % R I T T-
&) N HFLAV 68% CL contours 9l
x - i
035 —
[ Bellell ]
03[ Belle” < | B
025 &= LHCb® - S )
: World Average :
0.2 =  $HFLAV SM Prediction R(D) =0.357 =0.029,,,, -
= R0 = /208 ~ D004 R(D*)=0284 0012, -
B R(D¥) = 0.254 + 0,005 p=-0.37 -
R P(y?) = 33% il
L1 1l I L1l 1 1 I K R 0§ I Ll 1 1 I L1 1 1 I T - (R R_B N ) I L 1 1 I L1
0.2 0.25 03 0.35 04 045 0.5 0.55
R(D)
Previous WA
3.340 tension with SM
10/9/24

Vi T 1 I 1 T 1 L) T T T
* 68% CL tontours -
a) HFLAV ’ .
& BaBar -
035 o
03 —

025 /

0.2~  4HFLAV SM Prediction R(D) =0.342 £0.026,,,, —
B R(D) = 0.298 +0.004 R(D*) =0.287 +0.012,,, -
B R(D*) = 0.254 +0.005 p= 2-0~39 . -
" | : l P(y?) =35% _

0.2 0.3 0.4

New WA

0.5

3.170 tension with SM

A. Romero Vidal
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Measurement of F, (D*) in B® - D*~ttv, %X%

New Physics (NP) can be detected in angular « Analysis dataset: Run1+2015+2016 data (5 fb-1).

coefficients even if R(D*) is compatible with the SM.

Full angular decay rate for B - D*(— Dn)fv as a « cosOp, tau lifetime, g2, anti-D7 BDT.

function of cos8,, cosf, and y:

d‘r®

* F,(D*) determined from a 4D fit to:
Results q* < 7GeV¥ct 0.51 4 0.07 (stat) £ 0.03 (syst),
. ults:
q* > 7GeV¥ct 0.35 4 0.08 (stat) = 0.02 (syst),
q* whole range : 0.43 + 0.06 (stat) = 0.03 (syst).

_3 @) 2y
dd cos(On)d cosBa)dx ~ r 2o (@)f(cos(6e), cos(60). x)

J{: Angular coefficients. =
6p: D* helicity angle. LHCORm 1G5 3 L al model
. " " -] 0 *_ +
0,.¢ hellcny angle. PTGV Wl 5°D 7',
Xx: Azimuthal angle. E B=D 7'v,
> () - B B-D D)
| -ﬁ-_ Il 3D D'(X)
* . . . . (12F 2 2 2 0‘4 E_ _E B%D*_D:(X)
D* longitudinal polarisation: ddcostn — ag,(47) + o, (q7) cos™ Op - i B—D 3mX
U ( 2) ( 2) ' I Combinatorial
. Ao q°) + Cor |G ) _
F,(D*) can be computed as: F/ = —~ 12 = 12 ! 0 - O sl
3(1‘90 ((1 ) + Cop, ((] ) b
ag and cy are linear combinations of the angular « Compatible with Belle measurement and SM.
coefficients. arXiv:2311.05224
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https://arxiv.org/abs/2311.05224
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7. Upgrade |
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The LHCb Run3 detector

« At Run3: 5x higher luminosity than in Run2 - pile-up of ~5.

] Magnet

New VELO
Pixel detector 5

upgrade

10/9/24

o
SANENE

New RICH1 optics + new PMTs
and readout RICH 1 & 2

Major upgrade (Upgrade I) of all sub-detectors and readout.

Re-designed trigger system.

New Scintillating Fibre
Tracker (SciFi)

SciFi
Tracker

E@AL S50 Ma M5

M3

RICH2 M2

removed M1 and new
readout for Muon System

\

\/

N

removed PS and SPD and new
readout for Calorimeters

A. Romero Vidal

Integrated Recorded Luminosity (1/fb)

8.5
7.7
6.8

5.1
4.3
3.4
2.6
1.7
0.9

LHCDb Integrated Recorded Luminosity in pp by years 2010-2024

2024 (6.8 TeV): 6.83 /fo

2023 (6.8 TeV): 0.37 /fo
2022 (6.8 TeV): 0.82 /fb

2018 (6.5 TeV): 2.19 /fb
2017 (6.5+2.51 TeV): 1.71 /b + 0.10 /b
2016 (6.5 TeV): 1.67 /fb

2015 (6.5 TeV): 0.33 ifb
2012 (4.0 TeV): 2.08 /b
2011 (3.5 TeV): 1.1 /b

2010 (3.5 TeV): 0.04 /fo

N
()
' N
N

r =

R.’Iar‘

“Nov
Month of year

Sep

arXiv:2305.10515

54


https://arxiv.org/abs/2305.10515

Limitations of the Run2 trigger system %X%

« Run2 trigger system: o 3 _ .
2 I :ﬁd’“’q’ LHCb simulation
 Hardware trigger (LO). S 250 o B,—ar
» Two-stage software trigger (HIt1 + HIt2). = - B B, > DK /
s %F
« Tight p;/E; requirements by LO = Trigger rates % f Design %
saturate with luminosity for fully hadronic decay =l I Run 1
modes. 1:_ l r—
* Run3 trigger system: 0 5_
« Removal of the hardware LO trigger. El....| IIIIIIII T o
0" 445 2 25 3 35 4 45 5

* Run HIt1 directly at the collision rate (30MHz).

Luminosity [ x 10%% cm2 s°7]

arXiv:2305.10515
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https://arxiv.org/abs/2305.10515

HIt1

« Based on GPUs. LHCB-FIGURE-2024-014 LHCB-FIGURE-2024-006 LHCB-FIGURE-2024-007
_ _ o F | LR R - Y
- Partial event reconstruction at 30 MHz. Sof - T 1 8 FHGR gesliminicy 208 .
o] P 1 E o8k e 3
% oo - ] e _o__°_§_°_=8=_°__¢_=$=:
« Track reconstruction (Patter recognition and 3 °°F * E ;‘3 06 = .
i+ P - reliminary ] = il .
track fitting). zoaf ~ LHOb A prliminy g L —meaess ]
 \Vertex reconstruction (Primary and secondary  ,,r - 1 2.4 S G
decay vertices). I etiwislElLl T S
» Electron clustering and bremsstrahlung ¢ 0ne 20000, &) v’ 10p o GCV/CI]S
recovery. T
* Muon identification. Tiarasg=snsansanpeenagaeoes BN assesaynaaen -
) 208 e 1 Zosk o <1 ]
« Event selection to reduce date rate by a factor ~30. 5 | = 12 e B e
b R LHCD Preliminary 2024 ?E, L — _o:o-ro- LHCb Preliminary 2024
§00'6 o~ + 2024 ] §00'6 N % 2024 ]
. . . . . . . o0 e L= e
o Slgnlflcant Improvements In trlgger eﬁICIGnCIeS at ;;0.4 - gzzzratorleveldistribution [A.U] §0'4__ -o:o- - I({;cl:zrat(>rleveldistribution [A.U] —
HIt1 level. : 2 |
« Huge gain at low-p. S0z ] meafr T ]
__— . I 1 o
* Muon channels at similar performance as in oo LI T T D oo LR LT T v
0 5 10 15 20 25 0 5 10 15 20 25
R un 2 ] b-hadron pr [GeV/c] b-hadron pr [GeV/c]

» Large impact for electron channels.
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https://cds.cern.ch/record/2898828
https://cds.cern.ch/record/2898804?ln=es
https://cds.cern.ch/record/2898806?ln=es

HIt2

Based on CPUs.

Full event reconstruction (including PID) at ~0.5 3 300E

MHz.

Dedicated trigger selections representing the broad 3 1005

LHC physics programme.

« ~2700 selections developed by analysts.

Excellent vertex resolution.

Particle identification (PID) by combining
information from different sub-detectors:

 Difference in Log-Likelihood between different

hypothesis.

—%— 2024, p=35 —3— 2024, u=59

—3— 2018 B
40—
3350 e &

- LHCb Preliminary £ os
§250F -,
Sa00 ¢,

@R F 0.4
S 150 =
0.2
50F
o 0.0
O e v v v by b e b v b b by
0 10 20 30 40 50 60 70
number of tracks in Primary Vertex
5‘ T T T T Jrl T T (l ) T T T LI
J/Y— - pr(p) > 0.8 GeV/e - -
S 10 [Y—pp T g 1
= —— T
s ' : B
a 09 I 4 5
g -
- 4 Q100 F
= 08 LHCb Preliminary 2024 ] .
84|
(w)=1
0.7 3 <N>:3 (IsMuon==1)& (PID,, >-2.5) ]
4 (n)=55
0.6 L L 1 L L1l I L L L L L L1l 10_2 :
3 6 10 100 0.7

« Stable PID performance for hadrons, muons and

electrons.
10/9/24

PIDe Efficiency for 2brenl1 etag PIDe>|5

O PIDe DLLe>0 =1 7
[ - PIDe DLLe>0 p=3

r -} PIDe DLLe>0 p=5

O PIDe DLLe>5 p=1 ]
- PIDe DLLe>5 p=3
+

LHCb Preliminary 2024
PIDe DLLe>5 p=5

" 1 " L 1
0 20 40 60 80 100
Momentum [GeV/c]

» + Run 2 n€[2.0,4.9]

T T T T T T

2 M:
+ Run 3 2022 MagDown p € [3, 150] GeV

Npy €[5.10]

iy

Muon momentum [GeV/c]

L il L L L | L L L L
0.8 0.9 1
Efficiency (K — K)

LHCB-FIGURE-2024-010 L HCB-FIGURE-2024-011
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https://cds.cern.ch/record/2898816?ln=es
https://cds.cern.ch/record/2898820?ln=es
https://cds.cern.ch/record/2868904?ln=es

Conclusions

* Presented a selection of LHCb physics results.

« LHCb physics programme in constant evolution.

« Many measurements make use of the full legacy Run1+Run2 dataset.
* In Run3, detector stably operating.

« Expected improvement in trigger efficiencies for hadronic channels.
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