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, element of the CKM matrix

Plays a role in the amplitude of charged weak

V. interaction transitions involving the u and b quarks.

Feynman Rule for the charged weak w 5
| (1 =7 V)

interaction at the b — u vertex:
21/ 2

Abundance of b quark produced at LHC = LHCDb good exper1ment to explore these transition
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Motivation

4 This measurement can allow :

= Constraining the Unitarity Triangle of the CKM matrix
= [mproving precision on the least well known CKM element
= Probing New Physics

= Helping to resolve tension between exclusive and inclusive
measurement
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4 This measurement can allow :

= Constraining the Unitarity Triangle of the CKM matrix

— [0.22486 + 0.00067 0.97349 +0.00016  0.04182+9:9008>
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= [mproving precision on the least well known CKM element
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= Helping to resolve tension between exclusive and inclusive

measurement
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Analysis strategy for the Bé) — K_//t_l_l/ﬂ decay

U

Described by form factors (FFs) as function of g% = (p, + p,)?
calculated with LCSR (small g*) or LQCD (high ¢°)

No v reconstruction at LHC = B mass obtained
with a reconstruction technique using the visible

decay products Ku and kinematic constraints

Br(B) - K u*v - 0 05 K-
2 N (B H ﬂ) o i Fit on the B, mass to access to Br(B;, = K u I/ﬂ)
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Last LHCb V , measurement

g> <7 GeV?
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2012 / pp collisions : 2fb™ @ 7 TeV ( e ttEE T o 0FEE = 000

M, [MeV/c?] m,,, [MeV/c?]

Normalization decay : B — D™ ut 1
Y s s H P Vool /[Vis| (low) = 0.0607 = 0.0015 (stat) = 0.0013 (syst) = 0.0008 (D) = 0.0030 (FF)

Viw| /| Ves| (high) = 0.0946 4 0.0030 (stat)" o ooae (syst) & 0.0013 (D,) + 0.0068 (FF),
0.0025

Analysis in two bins g? S 7 GeV?/c*

LHCb

|V, /| V.| extract

B’ = K u v, - LCSR (Khod.& Rus.2017)
q? <7 GeV?*/ ¢
B’ = K u v, ~e— LQCD (MILC2019)
q? > 7 GeV?/c*
Ay = puv, e LQCD (Detmold2015)
Q2> 15 GeVz/c4
| Vub |excl/| VCb |excl(PDG) |
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0 0.1 0.2

Phys Rev Lett. 126 081804

S < AR oS < -8 AN e S = LN

A101S Calllet Measurement of V b Wlth BO — K n,


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804

Changes from last LHCb V , measurement

Run 1

Run 2

2016-2017-2018 / pp collisions : ~ 5.67fb~! @ 13 TeV

2012 / pp collisions : 2fb~! @ 7 TeV

Normalization decay : Bt — J/y( = pup) K*

Normalization decay : B — D u* v,

Increase ¢ bin number to 8 — 10 bins

Analysis in two bins g? S 7 GeV?/c*

|V, | extract

|V, |/|V,,]| extract
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Challenges for the analysis

% Theoretical and experimental contributions are
nearly equal in the precision of the measurement

Vsl /| V| (low) = 0.0607 -
V. /|Vis| (high) = 0.0946 -

Experimental Theoretical

ot S - - R e CE - - S - = Tl =
i BT o g 3 o o £, P G lalr v o g Rl ol SR 2 ek, S0 Sao BT o W T ATREN Lo ol v o e - g 3 - o W YIRS VT A B ST A0 She BT

Alois Caillet - Measurement of V,, with BY — K u'y,



Challenges for the analysis
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Challenges for the analysis

% Theoretical and experimental contributions are
nearly equal in the precision of the measurement

& Different QCD models at low and high g* for
FFs = Discrepancy between the 2 regions

% Big amount of physical background with Ku in
the decay product = Delicate bkg discrimination
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Challenges for the analysis

% Theoretical and experimental contributions are
nearly equal in the precision of the measurement

& Different QCD models at low and high g* for
FFs = Discrepancy between the 2 regions

% Big amount of physical background with Ku in
the decay product = Delicate bkg discrimination

% Two v solutions are compatible with the
reconstruction technique
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B) — K “u"v, decay reconstruction at LHCb

% Taking PV to SV direction as BS flight direction = p,(v,) = — p,(Ku)

< 4-momentum conservation equations lead to a 2-fold ambiguity for the v, kinematic

= Use a regression algorithm to pick-up the best solution and evaluate g?*|J HEPO2(:

< Use corrected mass as discriminating variable : M_ .. = \/ M[2< + Pi TP
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B) — K v, Normalization

% Normalisation mode = B* — J/y(uu)K* U : ' | 'Y
> 70000 - = -
= 60000 - EN

% Clean and large sample : S’ 50000 - E ;

= Small additional statistical uncertainty £ 40000 = =
o C ]
5 30000 F E
. , | S 20000 - =
“ Same number of tracks and similar topology to signal when one u is neglected 10000 E- :

- . . . . . . 0 e T = —
Reduced systematic uncertainty on etficiencies ratio 5950 5300 5350

m(J/wK") [MeV/c?]

< Ratio of B;) to BT production fractions precisely measured by LHCb,

= f./f(13 TeV) = 0.2539 £ 0.0079

+ External systematic uncertainty from normalization will be slightly smaller than in Run 1 measurement

=» 1.9% from B(B* — J/w(uu)K™*) and 3.1 % from fs/fd —> 5 % which is four less than Run 1
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Main physical background sources : H,— H(—> K X)u* X' & B" — cc( —» uu) K* X

Physical background discrimination

% Contributions from : Bf — K*_(K_JZ'O)IM-I_I/” with K* = K*(892) , K6’<(1430) or K§(1430) with unreconstructed z°

= (reation of a multivariate classifier based on neural network with kinematical and topological variables, trained on simulation
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Physical background discrimination

| _]
i LHCb MC |
- Run 2 -
B Training on 1 fold only = 2 of the whole statistic B
~ The maximum S/VS+Bis 130.792 + 0.646 when cutting at 0.265 =+ 0.01 -
] | \ \ ]
0 0.5

Response Cut
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= Significance increased by ~ 27 % wrt Runl MVA selection
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B - K u*v, signal fit

 Maximum-likelihood fit in HistFactory framework

% Simultaneous in ¢? bins and three data-taking years. Bins optimization not final.

e

Toy MonteCarlo with signal and background contributions (Last bin splitted in two sub-bins with equal statistics

Davide Fazzini
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Conclusion & Outlook

%V . measurement in B — K “u7v, decays is being updated using Run 2 data

= Expected improvements from higher data sample and enhanced analysis
< Taking into account other contributions (Mis-ID, Combinatronic, ...)
< Baseline Form Factor scheme to be determined (FLAG24 average?)

%V  measurement in BT — ,00(71'+7Z'_)//t+1/ﬂ also expected with Run 2 data
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More recent state on V.,
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Form Factors used for the Run 1 analysis

MILC 2019) [ JUKQCD 2014 -
HPQCD 2015(JLCSR, Khod. & Rus.J-
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Relative systematic uncertainties on %(BSO — K‘/ﬁuﬂ) / %’(B;) — Dip™y,)

Uncertainty All ¢ low ¢ high ¢°
Tracking 2.0 2.0 2.0
ITrigger 1.4 1.2 1.6
Particle identification | 1.0 1.0 1.0
o (Meorr ) 0.5 0.5 0.5
Isolation 0.2 0.2 0.2
Charged BDT 0.6 0.6 0.6
Neutral BDT 1.1 1.1 1.1
g* migration = 2.0 2.0
Efficiency 1.2 1.6 1.6
Fit template L Y Y
Total L S ol

Phys Rev Lett. 126, 081804 *e
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