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V| and \Vcb\

CKMfitter Group, global CLM fit (202
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- CKM Matrix elements are fundamental SM parameters: FEERERERENRERL T 2 RN EERRN
Precise determinations are important ; oy .
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- We need to know |V ;| and |V ,| precisely to constraint the Unitary Triangle of the CKM matrix.
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http://ckmfitter.in2p3.fr/www/results/plots_spring21/ckm_res_spring21.html
http://ckmfitter.in2p3.fr/www/results/plots_summer23/ckm_res_summer23.html

Determining the |V | and |V | matrix elements
» ™

Leptonic

,'< current

- Usually, done with semileptonic decays X;, - X, 1v
-t

<

(only one hadronic current).
- Experimentally feasible =c,u
(large enough BFs). Hadronic
current
7

- Described by form factors (FFs):

« Theoretically clean If
Wi
; V{c,u}b

- Leptonic B -> 1 v decays are theoretically simpler, .
but experimentally much harder. * Functions of q> = (p, + p, )?
«  Only one signal track (or t decay) and small BFs. » Calculated with num-methods:
LCSR (small g2) or LQCD (high g2)
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Two complementary methods to determine |Vub| and |Vcb

.—48...,..., 1

» Largely theoretically and experimentally independent.

* Long-standing tension (~3 o).

- Exclusive and inclusive semileptonic X, —» X, 1 v decays.

_ Limits the precision of SM tests and sensitivity to NP. Y,
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Semileptonic Decays: Some Ingredients

PN

Xb }ll/

qg={c,u

Py

P () L)) [ Phys. Rev. Lett. 80:660-665,(1998) ]
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[Phys. Rev,Dlgz, 052 QQB (2023)] V4| [107]
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Mcorr(Xp) = m(qu)Z + PL(qu)z + m(qu)

- Determining g2 up to a two-fold ambiguity.

« Degraded q?resolution.
\_ Unfolding required to obtain the true q2-J
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https://arxiv.org/pdf/2206.07501
https://doi.org/10.1103/PhysRevLett.80.660

Measuring |V, | and |V, | at LHCb

- At LHCDb, exclusive semileptonic decays can be measured (inclusive semileptonic decays
are measured at the B factories) — Largely theoretically and experimentally independent.

[Int. J.Mod. Phys. A 30 (2015), 1530022 ]

Ecar, HCAL

SPD/PS M3
RICH2 M1

- Normalisation decays used to cancel bb -
production uncertainties — External inputs: e.g.
normalization BFs, fragmentation fractions etc.
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PROS

Large samples of B mesons, as well as
heavier b hadrons, including B? B} and Ajp.

CONS

Hadronic environment, unreconstructed v
— Large backgrounds.

The bb production rate cannot be

determined precisely -> large uncertainty
of measured BFs.
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https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

LLHCDb Results




T
Measurement of |V | from the B! - Dg*)_ nv,

- First |V | extraction from a B? decay. [ Phys. Rev. D 101 (2020) ]
- Dataset: 1 b @ /s = 7TeV and 2 b @ +/s = 8 TeV (Run1), Normalisation: B® — D(*)‘pﬁvﬂ

Signal fit with the CLN parameterlsatlon

XIO? LA B X'lql“"l""l """"
B B?—)D;u"v,, LHCb-. . 22F LHCb‘
N T S 1 2 2F 3
% 30F %D, KV, E E 18F :
(2 o i_DPhys. bkg. 3 n 16F _
S [ Comb. bkg. = 4F -
5 20F = = 12F 3
e 2 ]
g1t 1 5%t E
F < 3 E . .
% 10F 1 3 6F 3 Normalisation BFs
S b 308 4 [PRD 98 (2018)]
- 2B = .
0E A A\ oF Product derived from LHCb measurement
4 45 5 55 0.5 1 ] 1.5 2 25 [PRD 100 (2019)]
Moo [GEV/c?] p (DY) [GeVTc]

V.| and FFs

x = [w] for B - Dy pu*v,
X X= [WaeD’ 9[1’ X] for Bg - D;_ ”+v[,l

D—ut
ICRY

N
NG = Nnorm ﬁs X BF(Dy = K*K™m™) X Tp9 X Re X -

SIg @Fnorm Lfd

- CLN and BGL extraction compatible
- Agree with previous exclusive and
inclusive determinations

- |Veblcrn = (41.4 + 0.6 (stat) + 0.9 (syst) + 1.2 (ext)) x 1073
- |V lgar = (42.3 + 0.8 (stat) + 0.9 (syst) + 1.2 (ext)) x 1073
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004
https://www.sciencedirect.com/science/article/abs/pii/S0550321398003502?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.74.4603
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001

Measurement of |V, | from the 4} - p nv,

- First A) > p p~v, observation and [V,,;,| extraction from baryonic decay.

Dataset: 2 fb* @ /s = 8 TeV (Runi, 2012), Norm: /12 - A LV, A >pKn")

Extracting |V, | from the BF ratio: -> Measured in the high 2 region

|

Vo] =(3-2740.15 (stat)£0.16 (LQCD)+0.06 (V) x 103

Agrees with exclusively measured average [arXiv:1412.7515]
Disagrees (3.5 o) with inclusively measured average

FFs with LQCD @ high g2
Exclusive |V| world average

BFAf >p K~ it by Belle

\ J
Inclusive e / [Phys. Rev. D 92 (2015)] \
Largest uncertainty from LQCD
— PDG 2014 : (0)
Erxelusive RBCoKOCD calculations (opg/ |V |) ~5%
* arXiv:1501.05373
(B—>J‘I:1V) — FNALJMILC
arXiv:1503.07839 O
Largest external uncertainty
etmo ner, Meine ~ 0,
IHCb | __, Domoldtener el from BF g+ _, pg-p+ ~5%
(Ap—puv) arXiv:1503.01421
\ [Phys. Rev. Lett. 113 (2014)] /
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[ Nature Physics 11 (2015) ]
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https://www.nature.com/articles/nphys3415
https://cds.cern.ch/record/2104018/files/LHCb-TALK-2015-309.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.034503
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.042002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.034503
https://pdg.lbl.gov/2015/download/rpp2014-Chin.Phys.C.38.090001.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.034503
https://pdg.lbl.gov/2015/download/rpp2014-Chin.Phys.C.38.090001.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.042002
https://arxiv.org/abs/1412.7515

Measurement of |V|/|Vy,| from the BY—» K- u*v,

[ Phys' Rev. Left. 126 (2021) ] / Signal fit at low qz Signal fit at high qz\
@rst BY > K p‘tv, observation, |V,| extraction from a BY decay\ 3 o0t T M Lg[f(h:p
= 1200 O B! =K v, 2 2000 2 X E
=] F— H,— H,.r—t.ﬁ.'me' i E E
Dataset: 2 b @ /s = 8 TeV Run1 (2012) % ok rid g 1sof ]
é baed 3 ‘\:'c.::l:Dinalmj' a7 é IDDO-:-._ E
Normalisation: B2—> DS_ M+V” with DS_ — K K™ Tt (External BF measurement] E wof " ;; ol E
200 | - o : : 3 E 1
1 1 : 2 hi 0™ 3000 000 5000 : 0 3000 4000 5000
Gxtractlng |Vubl/| V| from the BF ratio (measured in two g blns)/ K N e /
@<7G6V2/c4: \ //' — 71 r rr r .1 r T T T 1 \
[Vubl/|Veap|= 0.0607 £+ 0.015 (stat) £ 0.0012 (syst) = 0.0008 (Ds) + 0.0030 (FF) LHCb
B —» K u'v, - LCSR (Khod.& Rus.2017)
q* > 7 GeVz/c4: q? <7 GeVZ/ct
[Vub|/|Vep|= 0.0046 + 0.030 (stat) = 39922 (syst) + 0.0013 (Ds) + 0.0068 (FF) 3*}:”5&52"# &~ LQCD (MILC2019)
, Ve
\ Tension driven by the difference in the FF calculations / A) = pu v, = LQCD (Detmold2015)
g’ > 15 GeV?/ ¢t

IVl /|Ve| (PDG) ™

Dominant uncertainties from FF calculations: excl
- Low @ 0/(|Vw!|/|Va|) ~5%  [JHEP 2017, 112 (2017) ] K o T oz
| /

- High q2: o/(|V!|/IVe|) ~ 7 % [ Phys. Rev. D 100, 034501 (2019) ] IV /] Ve

excl
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804
https://link.springer.com/article/10.1007/JHEP08(2017)112
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.034501
https://doi.org/10.1093/ptep/ptaa104

Summary of LHCb |V, | and |V, | results

Exclusive & inclusive measurements Exclusive & inclusive V
1]:1-the(|VCb|,|Vl1b|)pla.Ile |||||||I||||I||||||||||||||I||||I||||||||||||||
| T T T T T T T l
o - o o ! A\LEPH [PLB 395, 373 (1997) I
E 6 B7 7 LHCb CLEO [PRL 82, 3746 (1999)] | |
— B = = Belle [PRD 93, 032006 (2016)] B i——
_-g - 1 Lc) BaBar [PRD 79, 012002 (2009)] 4_""_'
> 5 | Eﬂ — BaBar [PRL 104, 011802 (2010)] "'1"_"
C >u Z \‘l.I‘,I’II 1‘]_1;(:;1»3, ::T:;‘ ‘ \.‘)WT.)\ - " |
NTshE o Garle o e o I

OPAL [PLB 482, 15 (2000)
DELPHI [PLB 510, 55 (2001)]
DELPHI [EPJ C33, 213 (2004)]
BaBar [PRD 77, 032002 (2008)]
BaBar [PRL 100, 231803 (2008)]
BaBar [PRD 79, 012002 (2009)]
Belle [PRD 100, 052007 (2019)]
BaBar [PRL 123, 091801 (2019)]
LHCh [PRD 101, 072004 (2020)]

- lusi
[V_| Exclusive

it

$ u

[Phys. Rev. D 101 (2020)]
- supdated with latest f /f;
[Phyd. Rev. D 104 (2021)]

Q =0
825 2%

___Ifiwlr

T Exclusive average (HFLAV 2019)
"""" Inclusive average (HFLAV 2019)

IIIIIIIIIIIIIIlllllllllllll|l||llllll|llll||lll|l

[ re Physics 11 (2015) ] 5 10 15 20 25 30 35 40 45 50

Updated with average |Veo|[107]

+ -+
,BF (Ac >p K~ m”) Plot taken from this talk by M. de Cian, FPCP (2021)
[ arXiv:1909.12524, (2021)]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804
https://www.nature.com/articles/nphys3415
https://arxiv.org/abs/1909.12524
https://cds.cern.ch/record/2772327/files/shanghai%2007.06.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032005

LHCDb Prospects




Future measurements at LHCb

Observable Decay Channel Tentative publication date

|Vl - Early next year

V| Early next year
— Expecting > 50 times higher signal yield wrt. to Belle

'Vl BY— K p*v, Late next year
— Expecting a ~ 5-6 times higher signal yield wrt. to Run 1
V| A‘}, - A} L, Late next year

— First determination of the | V| from a baryonic semileptonic decay

IVupl/| Vel B > D™ utv, Late next year

— First CKM matrix element determined from B} system

|Vub|9 |Vcb| Bz_c) - T+Vt

Alexandre Brea 23/10/2024




Vs (Cabbibo Anomaly)

Vs 2023 ‘.‘ - Strangeness changing SL decays can provide ’@
| ~gﬁy(l,‘.§(] ‘-| most sensitive test of the unitarity of the CKM matrix
Colliders \ 5 . o« o 0
T \ (since |V,,|2is almost negligible) through the relation
0.225 '
‘\ |‘]ud|2 + |‘7us|2 + |Vub|2 =1
' - The experimental result is:
"‘. [Vaal? + [V |2 + [V |2 = 0.9985 + 0.0007
I/u.v/I/ud from Ktu?. <
- V,, from K ‘.‘ Showing a 2.20 tension with the expected
0.220 - 1 V. from (liecays | “‘ Qnitarity in the first CKM row. /
— 10.965. — l().970l — 10.9751
Via

/" - 30 discrepancy in V,s measurements in leptonic (Ku2) and semileptonic (K13) kaon decays. )

Can hint towards two potential scenarios:
« Existence of physics beyond the SM
% Significant, yet unidentified, systematic effect within the SM itself. )
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[ Phys. Rev. Lett. 114 no. 16, (2015) ] /\ ) - “_’ [ J. High Energ. Phys. 2019, 48 (2019) ]
p ” u [ J. Phys. Conf. Ser. 1526 012022 (2020) ]

_ 2 2 4 4 2
I'(By = Byu™ v m 9m m 15m m
RM€ — (B, 2 V) Rgf/[z 1——’21 1———5—4—§ +——':arctanh 1——;21 = 0.153 £ 0.008
I'(B; — Bse 7,) A 2 A A 2 A A
A=M;, — M, f,(0) = hyperon vector charge
- Clean theoretical prediction for the decay rate (going to order %) (_Mi=M> ) _ poron axial charge
1
I’™M(B, — Byp~,) 6073
|V,s| can be extracted from the BF V|2 =~ 1 2KV
- Adding hyperons results to the puzzle b ) A s 3 3 ¢\ 1(0)?
5 YP p RHeGE f(0)203| (1~ 38) +3(1 - 38) 2
—~ 1140 -
~>‘3 1130 LHCb Simulation - Best branching ratio measurement from BESIII (2021):
S iﬁg = B(A->puvy)=(148£0.21) X104 (14.19 % Uncertainty)
p= iggg A A S Dataset: 5.4 fb! @ /s = 13 TeV (Run2), Norm.: A > p ™
1070 i E 44K pre-selected signal events - ~1.5 % stat. unc.
1060 ol = Dominated by systematic uncertainties
1050 ' = Publication expected early next year
1040

oo £~ - A u~v, proposed as the next natural step -
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https://link.springer.com/article/10.1007/JHEP05(2019)048
https://iopscience.iop.org/article/10.1088/1742-6596/1526/1/012022
https://cds.cern.ch/record/2688792
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.161802
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- Large discrepancy between BaBar and Belle/Belle2.

* A new, precise measurement from LHCb will
help to solve the tension.

« Large LHCb data sample — precise determination

PO (),

\_ of the differential decay rate and |V /. Y,

ﬁ Signal yield extracted from a 2D template fit to \
Meorr aNd m,; in O(10) non-uniform g2 bins.

le—3 le—23
:3' 4

z 2.5 [ signal

2.0
151 LHCb

.o | simulation

0.5

oo Lb——————————————————— —— — - — — .
4000 4250 4500 4750 5000 5250 5500 600 700 800 900 1000 1100

Meorn(BY) [MeVic?] mimtn) [MeV/c?]

[ M. Calvi Slides (2024) ]

\_ _/

1. [Phys. Rev. D 83, 032007 (2011)]

2. [Phys. Rev. D 88, 032005 (2013)]
3. [arXiv:2407.17403(2024)]

Experiment Stat. (104) | Syst. (104)
BaBar!? 0.10 0.17
Belle 2 0.10 0.10
ggf%l}r%%niy 0.079 0.18
(. Main Backgrounds: A

B* - D'(n*n X%)utv, (X)
B*% - X, u*v, (varius charmless semileptonic decays)

\B*
( Prospects: \

« Expected statistical sensitivity on BF per g2 bin
0(5%-6%), using 2018 data (~ 2fb-1).
» Systematic uncertainty O(5%-9%), dominated by

— - ptv, (with non-resonant mm ™) )

15

uncertainty on m,; shape of the non-resonant
\_ component. External systematic uncertainty 4.2%. /
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https://indico.cern.ch/event/1345421/contributions/6103176/attachments/2935239/5155340/MCalvi_Vub.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.032007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.032005
https://arxiv.org/abs/2407.17403

B 2 — K B M+V I7i [ M. Calvi Slides (2024) | / Normalisationﬁ

B~ - J/¥u n) K-

(well known decay mode)

/New B? - K~ p*v, analysis with Run2 data ongoing. (2016—201@

o o ° gmn()né— — % fs/fd = 0.2539 + 0.079
Larger data set (~5x) of data — binned BF in O(10) q2 bins. 2 oo we 33| 5 1.9 % from Norm BF
Aim a measurement of [Vub| independent of |Vcb|. oo Efis 3.1 % from f,/fq
Nsigi €norm fu ook 138
ABi — N r Bnorm 0. ;{;”””””;3‘(;{;15. 5;:5[] \@
\ norm ES ig f:S‘ / \ mAFK") [MeVie) y
/ Signal Fit \ / FF determination: \
Maximum-likelihood fit in HistFactory framework > Several FF schemes available to describe signal shape.

Simultaneous in O(10) g2 bins and three years

] ?
Toy MonteCarlo with signal and two physics background contributions > Baseline FF not defined e

T ) e T I oo I "R U ' * Could provide results with different options
B = ST [ =, p b 5. HN « Dependence of fitted signal yields with FF reduced using
high number of bins.
- SRR » Dependence of signal eff. per bin on FF to be determined
= 7 > Same FF scheme used to fit == and determine Vi
v/ X dq?
j/ d B d I-gig

\ dqz = dqz |Vub|27:B /
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https://indico.cern.ch/event/1345421/contributions/6103176/attachments/2935239/5155340/MCalvi_Vub.pdf

B(C) - TV,

ﬂ# - Tty

« Much larger BF (helicity suppression)

2

G:m m?

—~L Zm (1 — —> ft Vup|?tp
mB

\B(BJF Sty) = (1.09 +0.24) x 1074

« This pure leptonic B decay allows for precise SM tests.

* (Clean experimental determination of V;, , test BSM models.

~

/

PV

/" Bf > 1ty

\- At this moment, just LHCb can do it.

* b - ctvtransition (Rp, Rp+, R] / w), but in annihilation diagram form.

 Fully leptonic final state: Very beneficial for theory predictions, relevant dependence on V,

/

Alexandre Brea
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Searching for hits in the Vertex Locator (Run 3)

/ Using heavy flavour tracking \ VELO seusor
* Look for hits between PV and SV.
* Have better B-hadron direction estimate,

> better corrected mass.
« Having hits is a distinguishing feature itself. /3/2), _ T
« Trade efficiency for much-needed purity. e— " N
\ Feasibility in progress / cellision Image by Maarten van Veghel

Kinematic Strategy for predicting SV (Run 2 Data)

PV
o fvTrue s o a O
3TV - Valid cluster found for ~50% of events.
' - Resolution comparable to using TRUE SV
- The main challenge will be the low signal purity

- Currently working on ML to remove comb. Bkg.
\ Feasibility in progress /

0.00 T T T T T T T T
o] 2 4 6 8 10 12 14
Corrected B Mass [GeV/c?]
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Conclusion and outlook

- LHCb has measured |V,| and |V 4| from new exclusive channels involving
A} baryons and B? mesons

» Constraining the Unitary Triangle of the CKM matrix.
* Providing complementary information to understand the long-standing tension between the
exclusive and inclusive determinations.

-  More LHCb measurements next year:
« Larger signal samples (reducing statistical and systematic uncertainties)

* Measuring new semileptonic channels
* Improving |V,| precision from B - K~ pu*v, through a differential measurement.

« Addressing the Cabibbo anomaly with a SHD (|V,4| ) measurement.

- Exciting ideas for the future:
« Aiming to measure B} — % v_for the first time and also B* - ttv,

23/10/2024
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Thank you!
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Measurement of
|V4,| from the

BY > D" utv,




T
Measurement of |V | from the BY - Dg*)_ nv,

- First |V,| extraction from a B? decay. [ Phys. Rev. D 101 (2020) ]
- Dataset: 1fb* @ +/s = 7TeV and 2 tb! @ /s = 8 TeV (Run1), Normalisation: B® — D(*)‘pﬁvﬂ

. Signal fit with the CLN parameterisation
x1 x10°

CJDat | I I S LR F LI, 7 LT S A
o, a5l S LHCb st op0pie, LHCb{ _ 2} LHCb
>w0- L S sof B-Dia, 1 %k
S 35E 1 41 & __[[]Phys. bkg. 1 o &k :
N b L I {1 = 25F {1 B8 3
N30 | | 1 S [HComb. bkg. = l4F =
B2st | L ||} 1 g®f 1 5 12f 3
I S R R R - E —;
S 158 11 1 8§ 5 8F .
Top {1l 1 2R 1 % %
O sk fU 1 O s i1 S ‘2‘: 3 Product derived from
%00 1850 1900 1950 2000 2050 0F e — L LHCb measurement
Normalisation BFs N Meor [GeV/c?] p (D) [GeVIc]
[PRD 98 (2018)] V.| and FFs
—-ptv )
(*) dr (B? - D g o
(*) norm + S x = [w] for By -» Dy u*v,
NSlg pF T< X BF(D - K K L ) X TB X R X - d - dx x = [w,fp, gw)(] fong—>D§_u+Vﬂ
norm X

- CLN and BGL extraction compatible
- Agree with previous exclusive and
inclusive determinations

- |Veblcrn = (41.4 + 0.6 (stat) + 0.9 (syst) + 1.2 (ext)) x 1073
- |V lgar = (42.3 + 0.8 (stat) + 0.9 (syst) + 1.2 (ext)) x 1073
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004
https://www.sciencedirect.com/science/article/abs/pii/S0550321398003502?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.74.4603
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001

Measurement of |V | from the BY - Dg*)_ nv,

. Differential decay rates (m, ~ 0):

(| :
0 . et FFs can be modelled with the W Limitations on the |V, | precision:
dU'(B; = Dyp™*v,)  Gim} (i + 2 Vo P — 172 (G P parameterisations:
= m m X w- — w
dw 487> B D) Mew % [ e CLN: Caprini, Lellouch and Neubert « Uncertainty is dominated by external inputs:
d*T(BY » D "p*y,)  3GEmigmd, Al B [Nucl. Pys. BSSG (1998) 159] — f.lf;x BE(D; — K*K~n7)(Xtg) with 6/ |V, |
— 5 5 x V A w, . . . . - !
dwd cos 8,d cos Ody 16(47)* Mgw X | Ve | 1AW, 6, 6p, 1) | BGL: Boyd, Grinstein and Lebed ~ 2%
Three FFs \_ [Phys. Rev. Lett. 74 (1995) 4603] J [Phys. Rev.D 100, 031102 (2019),
Where w = vy X V- is the hadronic recoil variable that depends on g* \’ . _ Phys. Rev. Lett. 124, 122002 (2020)].
) ! - ) Differential measurements allow us to
and 6y, 0, and y are the three helicity angles: 7 extract information on the FFs. — Normalisation BFs with o/ | V., | ~2%.
>> Alternative method to infer FFs. [Phys. Rev. D 98. 030001 (2018)}.
- * Largest systematic uncertainty:
D pi.(Dy _ g y v
» Usually, FFs are extracted by measuring thedecay /| - Dy — K *K~ 7~ modelling with 6/ |V, | ~ 2%
distribution wrt. g2 or w = w(g?). B(O) _______________________ at
+ This analysis exploits a new variable, p, (D;"), which % Vertex P 0 .
is an approximation of w. Vertex Measurement of the shape of the By = D, "u +1/y differential decay rate

[J. High Energ. Phys. 144 (2020)]

LHCb Simulation E g
- = . ]
— Strongly correlated !5 g } g as - . . .
i i 14 E : £ 2 b LHCb E o .
twhlethFlI;‘; and thus, with e = 13 e s I — Both fits give consistent results and
' z BB 2 z ¥ = ++ E describe the measured spectrum well.
iE) 84 ]
— Can be fully g : g z 1sf — E — Results allows to constrain FF
reconstructed. : g : 3 Toap % rhc:I:z E parameterisations.
. = 05 1 15 2 25 = ost . . . .
p (D) [GeVic] p (D) [GeVic] ! M 12 13 e

N
N
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https://indico.cern.ch/event/1258750/contributions/5606238/attachments/2741098/4768031/vcb_and_vub_status_and_prospects_LHCb.pdf

T
Measurement of |V | from the BY - Dg*)_ nv,

Exclusive measurements — V|

P 2
3mpmT . Gx

d*T(B—D*° m2+m2,, —q>
) = e Ve 2 A(w, Q)2 w = TR

e Helicity amplitudesin A (w, §2) depend on 3 form factors: h4, (w), R1(w), Ra(w)
 Externalinput: ngw = 1.0066

CLN parametrisation — 4 free parameters: p%, h 4, , R1(1), Ra(1) INucl. Phys. B530, 153 (1998)]
ha,(w) = ha, (1) (1—8p%z+ (53p* — 15)2* — (231p° — 91)2°)
Ri(w) = Ry(1) —0.12(w — 1) + 0.05(w — 1)?

Ro(w) = Ry(1) —0.11(w — 1) — 0.06(w — 1)?

BGL parametrisation — Converging series [PRL 74, 4603 (1995)]

Similar, but simpler for BT — DO,LL+I/M

_ ; - n _ Vw -2
f(z) B P1+(z)¢f(z) ;bnz z= \/wii-l-\/;
) = F 2 "
1 oo
Fi(z) = P (or @) ;cnzn From this talk by M. de Cian, FPCP (2021)
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https://cds.cern.ch/record/2772327/files/shanghai%2007.06.pdf

Measurement of
|V,;,| from the
Ay~ PRV,




Measurement of

-First A) > pu=v
Dataset: 2 fb! @ /s = 8 TeV (Runi, 2012), Norm: /1?, - Af LV, A >pKn")

Extracting |V, | from the BF ratio: -> Measured in the high g2 region
Target

0 — == 0 —
G(Ab N p‘Ll vﬂ) q2>15GeV2/c4 . N(Ab — PHU v.u)q2>15 GeVZ/c4
Ven|? G(A(l)? - A-gl'l_v_ﬂ)q2>7GeV2/c4 N(A% = gl PR

v“) q2>7 GeV2 /c4
e(Ah — AL pKn ),

X BF (At -» pK—m™*) Exdusive|V,

257 GeV?2 /c*

E(A% - p,u_T/;)q2>15 GeV

.

. observation and |V,;,| extraction from baryonic dec%

world average
BFAf >p K-t by Belle/

P. Owen, Implications workshop 201

‘| V.1,|=(3.27+0.15 (stat) +0.16 (LQCD)+0.06 (|V,5|)) x 103 ey

PDG
2014

Inclusive

Agrees with exclusively measured average [arXiv:1412.7515]
. Disagrees (3.5 o) with inclusively measured average

PDG 2014

RBC/UKQCD
arXiv:1501.05373

/ Exclusive

—_—

(B_:'J'['l\') ——— FNAL/MILC
fPhys. Rev. D 92 (2015)] N\ arXiv:1503.07839
. . ~ y tmo ner, Meine
Largest uncertainty from LQCD calculations (ogp/ |V |) ~5% e S,

Largest external uncertainty from BF s+ _, g+ ~5%

iPhys. Rev. Lett. 113 (2014)]

J

IV, |

Alexandre Brea
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P I S S S T S NN S T T S N S SR S
0.003 0.0035 0.004 0.0045 0.005

V| from the A) - p nv,

[ Nature Physics 11 (2015) ]

tQY(50 MeV/c2)

Candidal
0
=)
o)
s}

Candidates/(40 MeV/c2)

18,000
15,000 F

12,000 |~

(o))
o
o
o

w
o
o
o

1
o
o
o

=}
S
S

0
4,000

— W g

h

LHCb

Signal Fit

B Combinatorial
[ Mis-identified
I Dopuv
Al uv
Wl A
Neuv

4,000 5,000
Corrected pu~ mass (MeV/c?)

LHCb

- ALuv
Aluv

- Combinatorial

4,500 5,000
Corrected pK™7*u~ mass (MeV/c?)

5,500

Q\Tormalisation Fy

23/10/2024


https://www.nature.com/articles/nphys3415
https://cds.cern.ch/record/2104018/files/LHCb-TALK-2015-309.pdf
https://arxiv.org/abs/1412.7515
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.034503
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.042002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.034503
https://pdg.lbl.gov/2015/download/rpp2014-Chin.Phys.C.38.090001.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.034503
https://pdg.lbl.gov/2015/download/rpp2014-Chin.Phys.C.38.090001.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.042002

Measurement of
|Vub|/ |Vcb| from the
By— K u*v,




Measurement of |V|/|Vy,| from the BY—» K- u*v,

[ Phys. Rev. Lett. 126 (2021) ]

-

Signal fit at low qz

Signal fit at high qz\

fFirst B> K u'*v, observation & |V, extraction from a BY deca} S B g g Lg[f(h:p
= FIN B = Ky, = 2000 ! + E
Dataset: 2 fb* @ /s = 8 TeV Run1 (2012) R S ol S ok
Normalisation B » Dy u*v, with Dy - KK 1~ § ok S"n',f,’f:y ¥ % 1o} ;
@Xtracting |Vubl/|Vep| from the BF ratio (measured in two g2 bins): ) |8 b | 2 sof £
of 3000 : 000 0 3000 4000 5000
Target m,,, [MeV/c? m,,,, [MeV/ec?] /
. _ _ _ _ E 1 BF
Vub|2 (Bsp > K p'+Vu N(BSQ > K p‘+Vu) E(BSQ N Ds (_) K- K*m )U+Vu) External BF measurement
_ - — -
R T e — X BF(Dy » K~K*m™)
Ver|2G(BY > Dyptv,)| |N(B? - Dgutv,) e(B? > K~p*v,)
q2< 7GeV2/ct: |[Vy!|/|Va|= 0.0607 + 0.015 (stat) + 0.0012 (syst) + 0.0008 (Ds) + 0.0030 (FF) LHCb
q2 > 7GeV2/ct: |[Vyp|/| Ve | = 0.0946 + 0.030 (stat) 93922 (syst) + 0.0013 (Ds) + 0.0068 (FF) gfj(}f\;g:j’n - LCSR (Khod.& Rus.2017)
Tension driven by the difference in the FF calculations B ?GK\;{;[W# " LQCD (MILC2019)
q°>7GeV/ct
A = puv - LQCD (Detmold2015)
Dominant uncertainties from FF calculations: - &> 15 Gove
. FFs for normalization: vy PDG) =
- Low q* o/(|Vy!/|Va|) ~5 % [ JHEP 2017, 112 (2017) ] - Full ¢2 LQCD Vol Voo, PPG)
- High q2: o/(|V!|/|Ve|) ~ 7 % [ Phys. Rev. D 100, 034501 (2019) ]| |[ hys. Rev. D101, 074513 (2020) ] ' ' '
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804
https://link.springer.com/article/10.1007/JHEP08(2017)112
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.034501
https://doi.org/10.1093/ptep/ptaa104
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.074513

B* - p’(m*m)utv,




B* > pO(mwtm)ptv,

¢ o 1\

Norm mode: B - D%(w*n )utv,

\

Goal: measure the differential decay rate in g2 bins
The p° decays exclusively via p® —» wtm™.

BF = (3.34 £0.14). 105 -> Stat. Unc. ~ 3%

~

)

Kignal simulated with BCL/BSZ FFs [PRD104,034032 (2021)] a

\ Mear(BF) [MeVic?] m(mtn~) [MeV/ic?]

mpipi shape reweighted to include p —w interference
lae—3 . la=3
2259 signal 25
20 4]
154 LHCb 3
1 simulation ]
1.0 2
0.5 14
O-O:'""1""|""r"""" 0 b T T ™ ™ T
4000 4250 4500 4750 5000 5250 5500 600 700 800 900 1000 1100

o

/

Alexandre Brea
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[ M. Calvi Slides (2024) ]

4 le=3
g ‘ [IDFN
s B*>nn-ptv, shapes
] ;H,_,_J—‘*—\_‘ from
1, "~ DFN/PYTHIA simulation
. [JHEP 06 (1999) 017]
Phase-space simulation
o -+—r-—r———1———7

e
600 700 800 900 1000 1100
m(ntn~) [MeV/c?)

K Main Backgrounds: MVA (Isolation)\
B* - D'(m*n X"utv, (X)
B*% - X, u*v, (varius charmless semileptonic decays)
B" —» m*n~ptv, (with non-resonant *m ™)
Comb Bkg: modelled with SS data

\IVIisID Bkg: modelled with data-driven methods /

* Measurement of |V, | and FFs from fit to dB/dg?, following [PRD 104,034032 (2021)]

* Predictions of the FFs V(g?), A,(g?) and A,,(g?) based on light-cone sum rules (LCSR)
calculations valid in g2514GeV?/c? [PRD 79,013008 (2009)).

* BCL/BSZ parametrisations to extrapolate FFs in the full region [JHEP08,098 (2016)]

23/10/2024



https://indico.cern.ch/event/1345421/contributions/6103176/attachments/2935239/5155340/MCalvi_Vub.pdf

|V,,s| from the
A->puv,




Strange physics at LHCDb

- LHCDb obtained leading strange physics measurements, particularly searching for their
rare decays, publishing best measurements in K¢ - u* u=, K »utp~putp-,and X+ ->put u-.

Channel RrR €L €p oL op
(%) | (D) Kg KE =, 50 BY O
Kg — oty 1 1.0 (1.0) 1.8 (1.8) ~3.0 ~8.0
KS— nta 1 1.0 (0.30) 1.9 (0.91) ~2.5 | ~7.0 7r+ K+ A EO, 2+ DO D~ B + B.g J/w
K — npty 1 0.93 (0.93) 1.5 (1.5) ~35 | ~45
Kg — yptp~ 1 0.85 (0.85) 1.4 (1.4) ~60 ~60
Ko — prp ity 1 0.37 (0.37) 1.1 (1.1) ~1.0 ~6.0
KE — oty ~1 2.7 (2.7) 1073 0.014 (0.014) ~3.0 ~7.0
K* — ntrta™ ~2 0.0 (0.75) x107% | 41 (8.6) X107 | ~1.0 ~4.0
K* = atyptyu~ ~2 6.4 (2.3) x1073 0.030 (0.014) ~1.5 ~4.5
Y- putu ~0.13 0.28 (0.28) 0.64 (0.64) ~1.0 ~3.0
A— pr ~0.45 0.41 (0.075) 1.3 (0.39) ~15 | ~50
A —pu iy, ~0.45 0.32 (0.31) 0.88 (0.86)
E™ = Ap iy ~0.04 39 (5.7) x1073 0.27 (0.09) - - ) ' ' ' _1 ' _9 _3
E -2, ~0.04 24 (4.9) 1073 0.21 (0.068) - - 1 0 1 0 1 1 0 1 0 1 0 1 0
E - prta ~0.04 0.41 (0.05) 0.94 (0.20) ~3.0 ~Q.0
' pr” | ~o03 | 10(048) 20(13) | ~50 | ~10 Multiplicity of particles produced in a single pp interaction
X oA |07 ] 95(67)x107 | og2(ea0) | ~70 | ~ao at Vs = 13 TeV within LHCb acceptance.

A. A. Alves Junior et al. “Prospects for Measurements with Strange Hadrons at LHCb”.
sp g 23/10/2024

In: JHEP 05 (2019), p. 048. doi: 10.1007/JHEP05(2019)048. arXiv: 1808.03477 [hep-ex]



Semileptonic Hyperon Decays

fl‘ he LFU test observable defined as the ratio between\

muon and electron modes [ Phys. Rev. Lett. 114 no. 16, (2015) ]
P(Bl — Bzy_l_/‘u)
F(Bl — Bze_f/e)

1s sensitive to non standard scalar and tensor contributions.

RHC = = 0.153 £ 0.008

- In the SM, the dependence on the form factors is
anticipated to simplify when considering the ratio.

4 4 2 —
15m m f1(0) = hyperon vector charge
R'ue \/1——2 1———2—4—5 +——§arctanh 1——5
A 2 A A A A g1(0) = hyperon axial charge

/ Clean theoretical prediction for the decay rate (going to order §2)

™M(B; — Byp~¥,) 607° ‘
2
Rie G2 ﬁ(0)2A5[(1 - 35) +3(1- 30) % “

G?:|Vus ﬁ(0)|2A5 [( 3

s 1_55) (1__5) 91(0) 4592(0) 91(0)] |Vus|2 ~

£i(0?2 " £(0) £i(0)

FSM(Bl — Bze_lje) =

\_
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.161802

/\ ) Yy [ J. High Energ. Phys. 2019, 48 (2019) ]
p ” v u [ LHCB-FIGURE-2019-006 ]

[ J. Phys. Conf. Ser. 1526 012022 (2020) ]

- Best branching ratio measurement from BESIII (2021):

v - 1130 *A-opuwy imulation
B(A-ppuv,) =248+ 0.21) X104 (14.19 % Uncertainty) LHCb Simulat

LET Y LI SRR .t.'-"'° .
. 0t .
!‘..\'_ naty o '-'.,: .”._:‘, ‘..:.l‘::!g'
RN g Tiecas

M(pp) (MeV/c?)
S

III|IIII|IIIIIIIIl'lllllt.lll.lqllllllllllIIIIIIII

1080 :: ,.:
1070 PR
1060 -
1050 S
1040 ; % 100
p. MeV/c)
/Dataset: 5.4 b @ +/s = 13 TeV (Run2), \

Normalisation: A »> p T~
pr (v,) : obtained from proton and muon (PTmiss)

pL. (v,) : obtained by imposing A mass

— recovered neutrino momentum components

44K selected signal events - ~1.5 % stat. unc.
Dominated by systematic uncertainties

Qublication expected early next year -
( ) EPH'\,AZ_Mlz\'p;"z_A'pz’Juz'i’pz’)uz'p;"z M/Z\_MIZJH
pL\vp) = . 1\2 A= 2 —_ L
(Ppuz)” = Epy E~ - A u~v, proposed as the next natural step
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https://link.springer.com/article/10.1007/JHEP05(2019)048
https://cds.cern.ch/record/2688792
https://iopscience.iop.org/article/10.1088/1742-6596/1526/1/012022

e = P 1 L

SHD Prospects in LHCDb

A->pu v, vs A->pm~ =T > AUy N

W VS = > AT

a T T T T T T T T T T T a r T T T T T T T3
L o1k : L 03 =
[v] r ] B - 7
= N N [72]
= - — (] 02__ -
€ 0.08 - £ 02r 3
i} n b € C ]

r ] i r ]
0.06 - - 0.15 - —
0.04 - - 0.1 -
0.02 —: 0.05 - -

C I I ] E [ P P ]

foz0 1040 1060 1080 1100 1120 P200 T1220 1240 1260 1280 1300 1320 1340
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- . N — ]
§ 1120 ; S 1320 ]
2 1110 E = 2 iAo ]
3 1100 3 3 1300 O ]
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i - — | * -

= 1090 E = 1280 |- .
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A. A. Alves Junior et al. “Prospects for Measurements with Strange Hadrons at LHCb”.

In: JHEP 05 (2019), p. 048. doi /JHEP05(2019)048. 1808.03477 [hep-ex 11/09/2024



By,
Cc) — T+
V
T




B, — thv,

f : flight direction Orthogonal basis In this orthogonal basis:
—_— —_— f =\~ f ) A, O ~/
. TV -5V A({yf’i) . o
f= |ﬁ/’_ﬁ| y=fxx pvz(_pSnx'_pSRy»pL)
2=f

I __ 12 12
pPr= \/p3nx + Dany
We constrain the r mass ( M) and use energy conservation:

M'? = (E37l' + Ev)z - |ﬁ1’3n - ﬁ1,/|2

A:MTZ_M??n

2

’ 12 12
pSnz(A_ﬁT ) iEBnJAZ — PT M’?

2 02
E3TL’ p3nz

pL =

Alexandre Brea

same limit for the
first neutrino

Mg — M?

<
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Bzrc) —> ‘L""vr with Run 2 Data

Kinematic Strategy for predicting SV

0.30

0.25 4

o

conditions for each point (valid SV)

Assume p,, is in the same direction as p3; — p, =

2. Create a grid of points between PV and TV and check the two P > 0

1M - M3,
2 E3TL’ — P3n

0.20

0.15 A

0.10

0.05 4

TRUE SV, PTmiss=0
Predicted SV, PTmiss=0

\ 3. Identify cluster of valid SVs and compute centroid -
@ Cluster1 0.00 0 2 4 6 8 10 12 14
Corrected B Mass [GeV/c™2]
* PV
6 1 SV Trge : )
\ %’/T lifetime ( Valid cluster found for ~50% of events. \
“ - Resolution comparable to the one using TRUE SV

Alexandre Brea

- The main challenge will be the low signal purity
- Currently working on ML to remove comb. Bkg.

Feasibility of analysing these final states in progress

/
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B 2 % K = ” + v” [ M. Calvi Slides (2024) ]

Prospects on |V,,| and FF determination in B, >Kut*v,,

* Several FF scheme available to describe signal shape in simulation. Examples:

* LCSR JHEP 08(2017)112

» HPQCD 2014 PRD 90(2014)054506 :
« RBC/UKQCD PRD 91(2015)074510 Average of 3 LQCD results by FLAG21(Feb 23). BCL extrapolation.

* FNAL/MILC PRD 100(2019)034501

* RBC/UKQCD update PRD 107 2023)114512 superseeding their previous results, with BGL.
* Bayesianinference JHEP 12 (2023) 175 with BGL

* LCSR&LQD combination arXiv:2308.04347, with modified BGL

. Basellne FF to be used not defined yet (FLAG24 average?)

Could provide results with different options.

* Dependence of fitted signal yields on FF reduced using high number of bins (small variation of m,,, distribution
inside the bin).

* Dependence of signal efficiency per bin on FF to be detrmined.

« Same FF scheme will be used to fit dB drs(:g 5
dB . . .. .. - ; = V
Y distribution and determine |V | via dq? dg? Vun|” 75

Alexandre Brea
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https://indico.cern.ch/event/1345421/contributions/6103176/attachments/2935239/5155340/MCalvi_Vub.pdf

B .(S) % K = ” + v” [ M. Calvi Slides (2024) ]

* Background from physics processes: shape modelled with simulation.

* Main sources are b-> ¢ decays like H,2 (H,2KX)utv X’ and H,>cc(upu)KX
(concentrated in few g2 bins).
» Suppressed with multivariate classifier with kinematical and topological variables, trained on
simulation.

» Contributions from B%> (K*>Kn)u*v, with K*(892), K*,(1430), K*,(1430) with
unreconstructed rt*
* Unmeasured branching fractions
* Poor knowledge of the expected g2 shape, additional input would be useful
* Some separation from signal due to the missing particle
* Partially suppressed with neutral isolation criteria

* Smaller contributions from random K u* combinations and semileptonic decays with mis-
identified K~.

» Suppressed with multivariate classifier trained on K*u* data and PID cuts. Shape modelled with
data-driven methods.

Alexandre Brea 23/10/2024



https://indico.cern.ch/event/1345421/contributions/6103176/attachments/2935239/5155340/MCalvi_Vub.pdf

Take into account

* B momentum reconstruction in semileptonic decays challenging at LHCb
* Main production from gluons at LHC -> large variation of B momenta
* LHCb forward acceptance = partial coverage of the complete bb event.

Alexandre Brea 23/10/2024




Operation and data /s =7TeV : o(pp — bbX) = (72.0 £ 0.3 £ 6.8) ub
/s =13TeV : o(pp — bbX) = (144 £ 1 £ 21) ub

Run 1 Run 2 Run 3
Vs =7and\/s =8 Vs = 13 Tev V5 =13.6
TeV TeV
| | | | | | | | | | | | | |
| | | | | | | | | | | | | I
H 2 2 2 *J‘ 201 i‘:i{"\’ Q 202 2022 o
[ D 1.0fb~1|2.0fb~! 03fb-1|1.6fb~1|1.7f1|2.1fb"!
3fb~1 5.7 fb~1 ~ 20-25fb~!

Alexandre Brea 23/10/2024
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