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Anomalies in the flavour sector of SM
New Physics search at LHCb

Several anomalies have been detected in the past
years in the flavour sector of the Standard Model 562024
(SM), pointing at possible New Physics
contributions (NP) that we still have to understand

inclusive
2o ; ' T S e borors ]
€ | semazozs Bellé' BaBar o
0351~ LHCb® -1
r lel® b
o3 3

0251 8Dty
0.2]=  $HFLAV Su Prediction sfglfé)gggggoogl “ - 36 38 40 i 42 44
HFLAV F R o Werl x 10
C. ¢ vy T ]
02 03 04 FLAG2024

R(D)
3/65 Federico Manganella | New Physics search in BS decays at LHCb


https://hflav.web.cern.ch/content/semileptonic-b-decays
https://cds.cern.ch/record/2916633/files/2411.04268.pdf
https://agenda.infn.it/event/47147/contributions/266515/
mailto:federico.manganella@cern.ch

The LHCb experiment

New Physics search at LHCb

LHCb is a single-arm
spectrometer designed to

s detect heavy hadrons
op: yz M3 M4 . ..
nlcuz:écAchA produced in pp collisions,
T3 1 study CP violation and
rare decays
LHCb MC
Vs=7TeV
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BY — D;pwv, full angular

analysis
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Semileptonic decays
B? — D? v, full angular analysis

The study of semileptonic decays could help Bg — D:_N+Vu
shedding light on the tensions in the flavour sector
because:

e one diagram, tree-level process
e EW transition
e QCD interaction

e sensitivity to New Physics

Additionally:

e simpler lattice computations with respect to
B® and BT (due to s quark)
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Decay kinematics
B? — D: v, full angular analysis

A full angular analysis aims to
measure the differential decay rate
in the phase-space given by the
variables that describe the decay
kinematics:
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Decay kinematics
B? — D: v, full angular analysis

A full angular analysis aims to
measure the differential decay rate
in the phase-space given by the
variables that describe the decay
kinematics:

g

9°> = (pgo — Po; )

8/65 Federico Manganella | New Physics search in B? decays at LHCb


mailto:federico.manganella@cern.ch

Decay kinematics
B? — D: v, full angular analysis

A full angular analysis aims to
measure the differential decay rate
in the phase-space given by the
variables that describe the decay
kinematics:

@ b b4

9°> = (pgo — Po; )
0y and 04 are helicity angles
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Decay kinematics
B? — D: v, full angular analysis

A full angular analysis aims to
measure the differential decay rate
in the phase-space given by the
variables that describe the decay
kinematics:

P b b4 x
9° = (pgo — Po; )’

0y and 04 are helicity angles
X angle between decay planes
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B? — D? v, full angular analysis

@ The differential decay rate

dar
dg2d cos 0,d cos Oyd >

\Vas> > 1i(q°) Zi(0e, 04, x)
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B? — D? v, full angular analysis

@ The differential decay rate

dar
dg2d cos 0,d cos Oyd >

\Vas> > 1i(q°) Zi(0e, 04, x)

e =i(0p,04,x) are known functions of the angular variables
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@ The differential decay rate

B? — D? v, full angular analysis

dar
dg2d cos 0,d cos Oyd >

\Vas> > 1i(q°) Zi(0e, 04, x)

e =i(0p,04,x) are known functions of the angular variables

e /;(g) functions encode the hadronic interaction: we use CLN and BGL! models
to parametrise their expressions, or fit them with a model-independent approach

Caprini-Lellouch-Neubert and Boyd-Grinstein-Lebed
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@ The differential decay rate

B? — D? v, full angular analysis

dar
dg2d cos 0,d cos Oyd >

\Vas> > 1i(q°) Zi(0e, 04, x)

e =i(0p,04,x) are known functions of the angular variables

e /;(g) functions encode the hadronic interaction: we use CLN and BGL! models
to parametrise their expressions, or fit them with a model-independent approach

* Modifying the /;(g?) functions and considering a New Physics coupling constant eyp,
different structures for NP can be implemented:

Ii(d®) = 1% enp)

Caprini-Lellouch-Neubert and Boyd-Grinstein-Lebed
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Analysis strategy

B? — D v, full angular analysis

5. Internal
analysis note

1. Selection &
Reconstruction

2. Signal yields 3. Form factors 4. Systematics

a. Unfolding

b. Model dependent fit
with CLN/BGL models +
tensor NP

a. Binning choice (4d space) c. Model independent

b. MC reweighting and sampling & ® I,(qz) shapes +

c. First fit over q2 bins CLN/Bé}L parameters

d. Fits over 4d space with
constraints

a. Kinematic cuts
b. Muon trigger line
c. sWeights

a. Writing in process
b. Data/MC comparisons

a. Bootstrap and

toys techniques
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Analysis strategy

B? — D v, full angular analysis

5. Internal
analysis note

1. Selection &
Reconstruction

2. Signal yields 3. Form factors 4. Systematics

a. Unfolding
b. Model dependent fit
with CLN/BGL models +

a. Kinematic cuts
b. Muon trigger line
c. sWeights

a. Writing in process

tensor NP .
a. Binning choice (4d space) c. Model independent b. Data/MC comparisons
b. MC reweighting and sampling fit to lj(qz) shapes +

c. First fit over q2 bins CLN/BGL parameters
d. Fits over 4d space with

constraints

a. Bootstrap and

toys techniques

Actively worked on

these points this year!
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Analysis strategy

B? — D v, full angular analysis

CEEDINGS
SCIENCE

Measurement of the differential distributions of
B? - D}~ p*v,decay with the LHCb detector
Preliminary results have been

p u b I i S h ed on a POS pa p er a fte r E;lcrlzla d: ;I’mune,“ Federico Manganella®* and Marcello Rotondo® for the
collaboration

Italian Workshop on the High slatoaori ol s

PINEN & Universitd Tor Vergata

. E-mail: patrizia.de.simone@lnfn.infn.it,
Energy PhySICS (W|FA|2024) federi 1lagrona2. infn. it, marcell infnit

“This analysis aims to conduct a comprehensive study of the decay kinematics of the semileptonic
decay BY — Dy t*v,. with Dy — Dy and D; — K*K"x", using data collected by the
LHCb expenmm in Run 2. A first measurement of the form factors describing the BY meson

2 binned fit in the space given by the
variables describing |l|e docay inematios emely 2, 04 G, 60484 . Thkig o accoust
the detector acceptance, as well as the reconstruction efficiencies and the resolution effects,
the full differential distribution is obtained; then, a fit to this distribution is performed using
different parameterizations for the BY — D} transition form factors. Furthermore, the unfolded
distributions are compared with the theoretical predictions and the Belle-II experiment results.
Finally, using the unfolded shapes, a model-independent approach is tested and its compatibilty
with the model-dependent results i studied.
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Signal and control regions

B — D; pv,, full angular analysis

B2 - D)
prye ~ 98% accepted

[ B2 - Dy
B2 = Datv

1 BY-D;D*
B2-D!D;

4 B2-D.D°

0 Ay = DiAC
Combinatorial

Normalised events

-0.2 0.0

BDT_dbc_reopt
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Signal and control regions

BY — D; pv,, full angular analysis

J= pea ~ 98% accepted
B2 Dapv
B2 = Datv
. 1 BY-D!D*
We define: 89-Di0;
4 B2-D.D°
1. control region: BDT_dbc_reopt < —0.2 = Combiuri
* doubly-charmed and combinatorial s
enriched

Normalised events

0o
BDT_dbc_reopt
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BY — D; pv,, full angular analysis

@ Signal and control regions

We define:

1. control region: BDT_dbc_reopt < —0.2

* doubly-charmed and combinatorial
enriched

Normalised events

2. signal region: BDT_dbc_reopt > —0.2 .

B2 - Dluv
BO-D!Tv

[ B = Dayjv
B2 = Datv
BY-D.D*
BY-D;D;
BY-D;D°

5 As= DA
Combinatorial

~ 98% accepted

ion

0o
BDT_dbc_reopt

20/65 Federico Manganella | New Physics search in Bg decays at LHCb


mailto:federico.manganella@cern.ch

BY — D; pv,, full angular analysis

@ Signal and control regions

J= pea ~ 98% accepted

[ B~ Daptv

B2 Dgtv

. BY-D.D*

We define: 82400,

4 BY-D;D°

1. control region: BDT_dbc_reopt < —0.2 = Combiuri

* doubly-charmed and combinatorial g,
enriched i
E

2. signal region: BDT_dbc_reopt > —0.2

Use the control region to constrain background : Pn

channels Control

04

0o
BDT_dbc_reopt
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@ How to fit signal yields

BY — D; pv,, full angular analysis

Extract signal yields using

[ B DIuv
0.00175 BOsDiy
-0 _ 2 L2 L
000150 'inﬁiiiﬁ Mco" - \/mDs*u + |pmiss| + |pm:ss|
BY-D.D*
L ooons|  BY=DD:
g BY-D;D® .
i Template binned fit over 4-d space,
£ oouers extrapolation in three steps:
2
0.00050
0.00025
0.00000 -
4000 4500
Meorr [MeV/c?]
Variable Bin Edges Bins
¢? [GeV?] 0. 1.83 3.67 55 7.33 9.17 11 6
cos Oy -1. -05 0. 1. 3
cos Oy -1, -05 0. 1 3
X [rad] 0. 1.26 251 3.77 5.03 6.28 5
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How to fit signal yields
BY — D; pv,, full angular analysis

[ B DIuv
BY-Ditv
== B0~ Do
0.00150 BY Doty
BY-D;D*
BY-D.D;
BY-D;D®
T A= DA
Combinatorial

Extract signal yields using

0.00175

1
Mcorr = \/m%s*li + |p#i55|2 + |pmiss|

Template binned fit over 4-d space,
extrapolation in three steps:

0.00100

0.00075

Normalised events

0.00050

e simultaneous fit over g bins in
the control region

0.00025

0.00000 4
4000 4500

Meorr [MeV/c?]

Variable Bin Edges Bins
¢? [GeV?] 0. 1.83 3.67 55 7.33 9.17 11 6
cos Oy -1. -05 0. 1. 3
cos Oy -1, -05 0. 1 3
x [rad] 0. 126 251 3.77 5.03 6.28 5
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How to fit signal yields

BY — D; pv,, full angular analysis

Extract signal yields using

[ B DIuv
BY-Ditv
== B0~ Do
0.00150 BY Doty
BY-D;D*
BY-D.D;
BY-D;D®
T A= DA
Combinatorial

0.00175

1
Mcorr = \/m%s*li + |p#i55|2 + |pmiss|

Template binned fit over 4-d space,
extrapolation in three steps:

0.00100

0.00075

Normalised events

0.00050

e simultaneous fit over g bins in
the control region

0.00025

e simultaneous fit over g bins in
Meorr [MeV/c?] . . ..
the signal region, fixing some

Variable Bin Edges Bins background tem p|ateS

¢? [GeV?] 0. 1.83 3.67 55 7.33 9.17 11 6

cos Oy -1. -05 0. 1. 3

cos Oy -1. -05 0. 1 3

x [rad] 0. 1.26 251 3.77 5.03 6.28 5
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How to fit signal yields

BY — D; pv,, full angular analysis

Extract signal yields using

BY Dl
BY-Ditv
== B0~ Do
0.00150 BY Doty
BY-D;D*
BY-D.D;
BY-D;D®
T A= DA
Combinatorial

0.00175

1
Mcorr = \/m%:li + |p$i55|2 + |pmiss|

Template binned fit over 4-d space,
extrapolation in three steps:

0.00100

Normalised events

0.00075

0.00050

e simultaneous fit over g bins in
the control region

0.00025

e simultaneous fit over g2 bins in
Mecorr [MeV/c?] . . ..
the signal region, fixing some
Variable Bin Edges Bins

background templates

2 2
q®[Gev?] 0. 183 367 55 7.33 917 11. 6 . . ..
cos 0, 1 05 0 1 3 e second fit over all bins, fixing
cos Oy -1. -05 0. 1 3
X [rad] 0. 126 251 3.77 5.03 628 5 background templates
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Results in g bins in the signal region
B? — D? v, full angular analysis

q°[GeV?/c*]  Signal [%]

[0,1.83] 79
[1.83,3.67] 70
[3.67,5.50] 76
[5.50,7.33] 80
[7.33,9.17] 85

[9.17,11] 87
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Results in 4-d bms in the signal region
BY — D}y, full angular

nalysis
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Results in 4-d bins in the signal region

B? — D? v, full angular analysis

+ Data + Data
15| M Bs—Diuv: 866.77 * 58.00 15| W Bs o Duv: 630.86 + 49.83
mm B,-D]Tv:19.23 = 1.74 = B, - DTv: 30.59 + 2.76
B B, - Dgfv: 111.53 + 14.02 B B, - Dgfv: 24.23 + 3.05
e Hp - Hclv: 45.32 + 4.91 1507w Hy - Hfv: 2.91 + 0.32
207 mmm Combinatorial: 87.03 = 527 m Combinatorial: 43.24 + 7.40
[0 Fit uncertainty 125 I Fit uncertainty
8 4
.’:E 150 é
i LHCb, 5.7 fo~* © 17 LHCb, 5.7 fot
8 g% € [3.67, 5.50] GeV?/c 8 92 € [9.17, 11.00] GeV2/c*
100] €056 € [-0.50, 0.00] 75{ cos6, € [0.00, 1.00]
cosBy € [-0.50, 0.00] cos 6y € [-1.00, -0.50|
X€E [1.26, 2.51] s0l X€[251,377]
50
25
0- 0
2 2
4 4
27 - B |5 e E——"

3.0 35 4.0 4.5 5.0 5.5
Meorr [GeV/c?]
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Further studies

B? — D? v, full angular analysis

1400 70000

50000
1200

50000
1000

40000

g2 [GeV2/c*]
a2 [GeV?/c*]

30000
600

20000

10000

Folded distribution Unfolded distribution
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Further studies
B? — D? v, full angular analysis

Once we extract the signal yield distribution, we can:

e Unfold the distribution with migration matrix + efficiency
vector to account for detector effects

e Compare the unfolded distribution with theory/other
experiments

e Use the unfolded distribution to perform a
model-independent fit to extract /;(g?) functions
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B? — D? v, full angular analysis

@ Model-independent /;(¢g*) determination

We can explicitly fit the /;(g?) functions integrated over the g2 bins, without any
assumption on the hadronic model. In a given bin in the 4-d space we expect:

dr
npred / / / / dq? d cos 6,d cos Oq4dx
kopoar Aqﬁ Acostp, JAcosbyq J Axr dq2d Cos eﬁd COos HddX

31/65 Federico Manganella | New Physics search in B? decays at LHCb


mailto:federico.manganella@cern.ch

@ Model-independent /;(¢g*) determination

B? — D? v, full angular analysis

We can explicitly fit the /;(g?) functions integrated over the g2 bins, without any
assumption on the hadronic model. In a given bin in the 4-d space we expect:

dQ2

dr
npred / / / / dq? d cos 6,d cos Oq4dx
kopoar Aqﬁ Acostp, JAcosbyq J Axr dq2d Cos eﬁd COos HddX

2, _
“Z/ (1-m/q) PD;(q2)|/i(q2)dq2'/ Zi(0e, 04, x) dQ2
i /A

AQ,
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@ Model-independent /;(¢g*) determination

B? — D? v, full angular analysis

We can explicitly fit the /;(g?) functions integrated over the g2 bins, without any
assumption on the hadronic model. In a given bin in the 4-d space we expect:

dQ2

dr
npred / / / / dq? d cos 6,d cos Oq4dx
kopoar Aqﬁ Acostp, JAcosbyq J Axr dq2d Cos eﬁd COos HddX

2, _
“Z/ (1-m/q) PD;(q2)|/i(q2)dq2'/ Zi(0e, 04, x) dQ2
i /A

AQ,

X Z Ji,k(qz) : Ci,/(eea 9d7X)

where (i (0,04, x) are analytically computable. We have ~ 6 x 10 free parameters.
After the fit we can extract CLN/BGL parameters from the J;(g?) shapes.
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New Physics from /;(g?) shapes

B? — D? v, full angular analysis

lic |po;| (1 = m?/q?)? [GeV?]
w 5 &
g2 8 g

o

100

-100

-200

15 |po; | (1= mf/q?)? [GeV®]

-300

——— CLN HFLAV —— CLN HFLAV dr
—— BGL HPQCD 5004 — BGL HPQCD - K 2 Z 2\—
l,zf fi 'y 1i(q?) fr fi = 1A 1A a3 — q Iq :9@ GdX
<+ li(g?) from fit E 4+ li(g?) from fit dqdeOSngCOSQddX ( ) i l( ) l( ] ] )
© 400 !
v m[hﬂf&+h@+mﬂ%ﬂﬂﬁ#%mﬂ@
€
| .2 .2
2 200 + he(3 4 cos 204) cos 20, + I3 sin” 04 sin” 6, cos 2x
§100 + Iy sin 204 sin 20, cos x + I5 sin 26 sin B, cos x
o -
. + lgs sin® 04 cos O, + lsc(3 + cos 204) cos O,
S e R 10 + 7 sin 204 sin O, sin x + Ig sin 20, sin 20, sin x
150 .2 .2 .
—— CLN HFLAV —— CLN HFLAV + Iy sin® 04 sin” 0 sin 2)(]
—— BGL HPQCD — 1004 —— BGL HPQCD
+ Idg?) from fit 5 sl + 14g?) from fit
3
=)
~ 0
g -s0
|3
I —-100
=1
- -150
A +
2 —200

-250

—400

34/65

o 2 4 6 8 10
q? [Gev?]

-300
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New Physics from /;(g?) shapes

B? — D? v, full angular analysis

400

—— CLN HFLAV —— CLN HFLAV
_, 350 — BGL HPQCD 500 — BGLHPQCD
kY + li(g?) from fit Y 4+ li(g?) from fit
3 300 °
2 S 400
& 250 =
< g
E 200 g 30
! |
o 150
= < 200
ii 100 li
[ o 100
= 50 -
0 0 ‘l_
o 2 4 6 10 0o 2 4 6 10
q? [GeV?] 7 [GeV?]
150
100 —— CLN HFLAV —— CLN HFLAV
—— BGL HPQCD _ 1004 — BGLHPQCD
Q 11(g?) from fit 2 1/(g?) from fit
g + i S sl
(o) 0 9o
o~ ~ 0
% T
= “100 &~ 50
€
$ I -100
2 —200 2 s
= 5 +
s 2 200
o 300 &
-250
-300

—400
2 4 6

q? [Gev?]
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97 [GeV?]

dr

[ ——— 1(g2)=i(02, 04,
dq?d cos 0,d cos 0ydx (q)z (a7)=Zi(0e, 9a, x)

- [ hesin® 0g + le(3 + cos 204) + by sin® 64 cos 20,
+ he(3 4 cos204) cos 20, + I3 sin? 04 sin? 04 cos2x
+ Iy sin 204 sin 20, cos x + I5 sin 26 sin B, cos x

+ lgs sin® 04 cos 0, + Isc(3 + cos 204) cos O,
+ 17 sin 204 sin 6, sin x + Ig sin 204 sin 20, sin x

+ Iy sin? 04 sin? 6y sin 2x]

We could extract information about NP,
because we expect some /;(g?) functions
to be zero in SM picture
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BY — T~ analysis
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Fully leptonic decays
BY — pt ™ analysis

In the SM, B and Bs mesons decay in a di-muon final state via a b wt
FCNC, that is helicity suppressed. The purely leptonic state allows for o %

very clean theoretical predictions and experimental measurements: ' i )
great chance to test NP contributions!
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Fully leptonic decays
BY — pt ™ analysis
In the SM, B and Bs mesons decay in a di-muon final state via a b wt
FCNC, that is helicity suppressed. The purely leptonic state allows for B %
very clean theoretical predictions and experimental measurements: i

great chance to test NP contributions!

b uwt
Normalising on a specific channel (B* — J/WK* or B® — K*77), N
we can write the expected number of BY — ut ™ events as ) w-
s w
o 1 0 4+ =\ fs Nnorm 0 +
NBQ—W*/L* _7><B(Bs —pH )_7X5$igx XB(BS — B )
Qs fd Bnorm * €norm ol
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Fully leptonic decays
BY — pt ™ analysis
In the SM, B and Bs mesons decay in a di-muon final state via a b wt

FCNC, that is helicity suppressed. The purely leptonic state allows for o %
very clean theoretical predictions and experimental measurements: i

great chance to test NP contributions! a

b uwt
Normalising on a specific channel (B* — J/WK* or B — K*7™), N
we can write the expected number of BY — ut ™ events as ) w-

s w
N _1 BBO + — _fs Nnorm BBO 4

B utp- = XB(Bs — pT ) =| 7 XesigX xB(Bs — p"p)
Qs d norm * €norm| _;
s

The effective lifetime, computed as the mean decay time, is written as

e 1+ 2AArys +y2 y:@
(1 —y2) 1+ Aarys ST 4T

Aar € [-1,+1],+1 in SM

39/65 Federico Manganella | New Physics search in B? decays at LHCb


mailto:federico.manganella@cern.ch

Simultaneous fit overview
BY — pt ™ analysis

Events are divided in different categories according to a BDT output. We aim to fit
simultaneously the dimuon invariant mass m,,+,~ and the effective lifetime 7,4, in
BDT bins. Thus, the 2-d pdf will depend on:

pdf(my+,-), pdf(1,+,-) = pdhyq

@ .| /U\) F T T ]
B 3 ;- 8k LHClb .
A 3 [ > ]
3 ] 3 r 9 fb ]
) prosRTEL 3 s 6F 055<BDT<100
5 ] % 4:_ ¢ Data _
%’ B 'E-’ E — Effective lifetime fit
E ] S : + .
0t : ]
3 E . .
6000 0 5 D 10
m,.,- MeV/c] ecay time [ps]
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Simultaneous fit overview
BY — pt ™ analysis

Events are divided in different categories according to a BDT output. We aim to fit
simultaneously the dimuon invariant mass m,,+,~ and the effective lifetime 7,4, in
BDT bins. Thus, the 2-d pdf will depend on:

pdf(my+,-), pdf(7,+,-) = pdhq

We performed the following studies using Run 2 MC samples:

e check the geometrical acceptance function A(t); as a function of BDT bins

41/65 Federico Manganella | New Physics search in B? decays at LHCb


mailto:federico.manganella@cern.ch

Simultaneous fit overview
BY — pt ™ analysis

Events are divided in different categories according to a BDT output. We aim to fit

simultaneously the dimuon invariant mass m,,+,~ and the effective lifetime 7,4, in

BDT bins. Thus, the 2-d pdf will depend on:

pdf(my+,-), pdf(7,+,-) = pdhq

We performed the following studies using Run 2 MC samples:
e check the geometrical acceptance function A(t); as a function of BDT bins

e check correlation between invariant mass m+,— and lifetime Tyt

B I3
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Simultaneous fit overview

BY — pt ™ analysis

Events are divided in different categories according to a BDT output. We aim to fit

simultaneously the dimuon invariant mass m,,+,~ and the effective lifetime 7,4, in

whp
BDT bins. Thus, the 2-d pdf will depend on:
pdf(mm-u—), pdf(T;ﬁ'u—) = pdf2d

We performed the following studies using Run 2 MC samples:

e check the geometrical acceptance function A(t); as a function of BDT bins

e check correlation between invariant mass m+,— and lifetime Tyt

e check if we get back the expected value with a 2-d fit on MC sample

* the closure test is performed by reweighting the lifetime distribution and checking if
we get back the new 7,+,- value using the 2-d fit
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@ The geometrical acceptance |

BY — pt ™ analysis

pdf (1) oc S A(t);- (e*f/fm- ®R,-)
i€eBDT

R; function is a function encoding the detector resolution, while A; is an acceptance
function extracted from simulations, depending on BDT cut.
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BY — pt ™ analysis

é} The geometrical acceptance |

pdf (1) oc S A(t);- (e*f/fm- ®R,-)
i€eBDT

R; function is a function encoding the detector resolution, while A; is an acceptance
function extracted from simulations, depending on BDT cut. We computed the
acceptance function in BDT bins using the 2018 MC sample:
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BY — pt ™ analysis

@ The geometrical acceptance |

paf(7,0,-) 3 A1) (7 9 R))
ieBDT
R; function is a function encoding the detector resolution, while A; is an acceptance
function extracted from simulations, depending on BDT cut. We computed the

acceptance function in BDT bins using the 2018 MC sample: we took the B_CTAU ps
(reconstructed lifetime in ps)

h_reco_1
uuuuuuuu

B_CTAU_B& ™

L L

5
Littime [ps]
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@ The geometrical acceptance |

BY — pt ™ analysis

paf(7,0,-) 3 A1) (7 9 R))
ieBDT
R; function is a function encoding the detector resolution, while A; is an acceptance
function extracted from simulations, depending on BDT cut. We computed the
acceptance function in BDT bins using the 2018 MC sample: we took the B_CTAU ps
(reconstructed lifetime in ps) and the B_sO_TRUETAU (true lifetime in ns).

h_reco_1
Enries 74482

£ s

Mean 1448

B_CTAU_B& ‘

8000)

7000)

5000)

5000)

4000

3000)

2000]

AL s s e

1000]

&
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@ The geometrical acceptance |

BY — pt ™ analysis

paf(7,0,-) 3 A1) (7 9 R))
ieBDT
R; function is a function encoding the detector resolution, while A; is an acceptance
function extracted from simulations, depending on BDT cut. We computed the
acceptance function in BDT bins using the 2018 MC sample: we took the B_CTAU ps
(reconstructed lifetime in ps) and the B_sO_TRUETAU (true lifetime in ns).

h_reco_1

S §of

- | L -t *:M%%#

=t = I

e — Tt
B_sO_TRUETAU
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@ The geometrical acceptance |l

BY — pt ™ analysis

The analytical expressions for the acceptance functions are .
empirical, we are using the same functions used in Run 2
analysis at the moment:

—- Exponential
~—— Low BDT bins
—— High BDT bins

Arbitrary units

A(t)iow BDT = a - Erf (t b - tanh ct3) +exp(—dt®) -1

1 /In(t—to) — F\?
A(t)nigh BDT = exp —5 <g>
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Fit to the acceptance functions
BY — pt ™ analysis
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BY — pt i analysis

@ Lifetime dependent correction |

T
. B BO_> +,,— ) %zo E
paf(mye ) o 3 (ki) - b B e ) pofi . _
ieBDT S éw E
. B BO — +,,— i . . 85 - o E
e, B ad“ K )-pdfd’—i—cl’,kg-pdfékg) i Ll

5000 5500 6000
My IMeV/E]
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BY — pt i analysis

@ Lifetime dependent correction |

<

i B(BS = ptu P

pf (myer-) o > (Kilruey) k- €5 - ). pr. -
i€BDT s E

|

B(B® = putpu7) ’

i
+5d'

i 4 chyg - pof )

E— L
5000 5500 6000
My IMeV/E]

We need a lifetime-dependent k; correction factor because MC samples are generated
with a decay time different from the one measured. We developed an in-fit correction,
while in Run 2 analysis it was computed as a pre-fit bin-dependent correction as:

N
1 Toen —ti(1 —-1
ki=(p)=1) —5—-e (17, = =1 Tien) Tutpu- = Tu - (Aar)
N4~ 71, _
j:]- BT
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Lifetime dependent correction Il
BY — pt i analysis

Corrections from Run2 analysis:

[ BDT bin [ k(Aar = —1) [ k(Aar =0) [ k(Aar = +1) |

53/65

1 1.00084 0.99964 0.99642
2 0.98572 1.00223 1.01379
3 0.98062 1.00315 1.02012
4 0.97499 1.00414 1.02690
5 0.96816 1.00532 1.03489
6 0.93305 1.01161 1.07846
Integrated | 0.97063 1.00494 1.03258
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Lifetime dependent correction Il
BY — pt i analysis

Corrections from Run2 analysis:

[ BDT bin [ k(Aar = —1) [ k(Aar =0) [ k(Aar = +1) |

1 1.00084 0.99964 0.99642 e
2 0.98572 1.00223 1.01379 an
3 0.98062 1.00315 1.02012 !
4 0.97499 1.00414 1.02690
5 0.96816 1.00532 1.03489 i P
6 0.93305 1.01161 1.07846 o {
Integrated | 0.97063 1.00494 1.03258 Fuml j bt
by *
We tested different models and chose
j
ki(BDT,7.,) = 14 3- BDT,exp (BDT) - exp (M —~ 1) T e
Tgen

where BDT; is the center of the i-th BDT bin and 7, is
fixed: the parameter (3 is related to different hypotheses
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Lifetime dependent correction Il
BY — pt i analysis

Corrections from Run2 analysis:

[ BDT bin [ k(Aar = —1) [ k(Aar =0) [ k(Aar = +1) |

1 1.00084 0.99964 0.99642 W e
2 0.98572 1.00223 1.01379 R
3 0.98062 1.00315 1.02012 ’
4 0.97499 1.00414 1.02690
5 0.96816 1.00532 1.03489 i o
6 0.93305 1.01161 1.07846 oA *
Integrated | 0.97063 1.00494 1.03258 L e I bott
b
We tested different models and chose
t
ki(BDT,7,,) = 1+ 3 - BDT; exp (BDT)) - exp (M”) L
Tgen

where BDT; is the center of the i-th BDT bin and 7, is
fixed: the parameter (3 is related to different hypotheses

55/65 Federico Manganella | New Physics search in B? decays at LHCb


mailto:federico.manganella@cern.ch

@ Simultaneous fit over MC sample

BY — pt ™ analysis

Having everything in place, we can perform a simultaneous fit of the di-muon invariant

mass m+,,- and the effective lifetime Tyt~ Over all the BDT bins.
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Simultaneous fit over MC sample

BY — pt ™ analysis
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@ Simultaneous fit over MC sample

BY — pt ™ analysis

T,U'N = (1558 —+ 0003) ps, Tgen = 1557 ps
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BY — pt ™ analysis

@ Simultaneous fit over MC sample

0.00<BDT <025 0.25<BDT <040 0.40<BDT <050 050<BDT <060

oo . % %
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Z oo el
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@ Simultaneous fit over MC sample

BY — pt ™ analysis

mht, = 5367.66 +0.04 MeV/c?, = mEPS = 5366.89 MeV/c?
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@ Simultaneous fit over MC sample

BY — pt ™ analysis

B~ —6-10"°

BDT value Old k New k (from )

0.125 0.999999
0.325 0.999997
0.45 0.999996
0.55 1 0.999994
0.65 0.999992
0.75 0.999990
0.85 0.999987
0.95 0.999984
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Simultaneous fit over reweighted MC sample

BY — pt ™ analysis

B 040<BDT <050 R 050<BDT <0.60 Tgen = 1.556 PS — Tgen = 1.430 ps
o eime= 14267000 5 eime= 142670005 —

E s (.AAr = l)

B i

H G

Tup = 1.429 £ 0.003 ps
my., = 5367.64 £ 0.04 MeV/c?
3 = —0.05380 + 0.00007

f N ey i B

etime Tps) - T letime Hps)
BDT value Old k(Aar = —1) New k (from f3)

T e S T . 0.125 1.00379 0.99287
L I = 0.325 0.983759 0.977356
L 2 0.45 0.976711 0.964473
: 0.55 0.969483 0.952011
3 0.65 0.959809 0.937321
-t 0.75 0.949423 0.920072
. - B 0.85 0.924399 0.899888

s am— 0.95 0.867286 0.876342
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Future perspectives
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A tentative programme

Future perspectives

Semileptonic analysis

e Finalise fit procedure

e Validate efficiencies and MC
corrections

e Test explicit NP model
e Compute systematic uncertainties
e Check Data/MC comparisons
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A tentative programme

Future perspectives

Semileptonic analysis

e Finalise fit procedure

e Validate efficiencies and MC
corrections

e Test explicit NP model
e Compute systematic uncertainties
e Check Data/MC comparisons
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Fully leptonic analysis

e Test 2-d fit with background samples

e Validate closure test on all Run 2 MC
samples

i e Test the procedure with Run 3 MC
1 samples

e Start working with Run 3 data (partial
or full dataset, > 9 fb1)
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Search of New Physics in leptonic and

semileptonic decays of the neutral BY
meson at LHCb

Thank you for listening!

Federico Manganella - October 8, 2025
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SL: Events selection
Backup slides

Events selection :

DF — K*K~n* selection, ¢ and K*
resonances

D} — Ds~y reconstruction, soft «y selection
charge of the identified muon opposite to
that of D}

muon trigger lines

* mu_LOMuonDecision_TOS
* mu_Hlt1TrackMuonDecision_T0OS
* Bs_0_H1t2XcMuXForTauB2XcMuDecision_TOS

cuts on muon p! > 1.2 GeV and PID, > 2
1 I

Channels

BY = Dy ytv,
BY — DX rtu,
BS — Dsipvy,

BY — Dgtv,
B® — D" D)
BY — D+ pi*7)
Bt — D:D*°
Ay — D:~AET)

Combinatorial + misID



SL: Kinematics reconstruction
Backup slides

Regression algorithm gives a rough
“r estimate of pgo, we resolve the

PDx
_ E/ﬁ” ambiguity using

A:i: - (preg - P:I:)
\

>l
p Prmiss

60000~

Counts

500001~

40000

We assume there is only one missing particle in the sooof-
final state and that mpo is known (see -
JHEP02(2017)021)

= Two fold ambiguity, p+ = p“,‘,s —atr I TP


https://link.springer.com/article/10.1007/JHEP02(2017)021

Candidates / (1.7 MeV/c?)

SL: sWeights

Backup slides
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Pull
[SEVES

F —e— paa

=l & T EEEEEE Signal = 108062.296981+-685.447786

C 1 = 2112.893201+/-0.228600, 0 = 9.435152+/-0.863108
[ Background = 541636.591228+/-001.878532

b

Colvv v boh o b v by b v e deaa 0 L1y

L ]

E hl . ILL“Fd‘I'i'.'J"TrI' ot Hwﬂ

2060

2080

2100
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2140 2160 2180 2200 2220
m(D,*) [MeV/c*]

The selected photon has the highest pr
inside the cone AR = 0.4. The fit to
m(D}) — m(Ds) + mppg(Ds) is used to
reduce combinatorial

Y

sPlot assigns event-by-event weights to
describe the likelihood to be a signal event



SL: Results in g bins in the control region
Backup slides

v 100460 2 260,94
5.

(av- 203387 = 52829
sv2me 2059 2 62

7€ 10.00, 1.83) Gevirc* 7€ 183, 3.67) Geviict

Preliminary in the region
BDT_dbc_reopt < —0.2,
that is combinatorial and
doubly-charmed enriched

0
H

Use results from this fit
to constrain these
components




(1/N)(dr/dg?) [a. u.]

SL: Unfolded distributions and predictions

Backup slides

1
LHCb, 5.7 fb=!

CLN HFLAV
W BGL HPQCD
+ Unolded distribution

4 3
q? [GeVv2/c*]

(1/r)(dr/dcos8) [a. u.]

1
LHCb, 5.7 fb=

S

CLN HFLAV
[ BGL HPQCD
+ Unolded distribution

0
~1.00 ~0.75 ~0.50 ~0.25 0.00 0.25 050 0.75 1.00
cos 6

(1/r)(dr/dcos8y) [a. u.]

LHCb, 5.7 fb~*

CLN HFLAV
BGL HPQCD.
Unolded distribution

o
~1.00 ~0.75 ~0.50 ~0.25 0,00 0.25 0.50 0.75 1.00

<058y

(1/n)(dr/dy) [a. u.]

1
LHCb, 5.7 fb™*

e Models used: HFLAV averages for CLN, HPQCD predictions for BGL
e Visible tension in some bins

e Something similar was observed comparing Belle data with HPQCD predictions,
but with different binning and with B® — D*



https://doi.org/10.1103/physrevd.107.052008
https://arxiv.org/abs/2304.03137

L: State of the art
Backup slides

e 2014: First B? — y*p~ observation by LHCb + CMS
e 2016: First BY — u+p~ single-experiment observation by LHCb
e 2020: LHC combined measurement

e 2022: Latest precise measurement by CMS

CMs +0.44
::;:’“ﬁ T gﬂi-nns Ea— 1.83%%
0.8
PRL 128 (2022) 041801 I 30974, LHCb —— 2.07 + 0.29
ATLAS+CMS+LHCb 2694097 PRL 128 (2022) 041801 aihe
BPH-20003 03 CMS+LHCb Combine N 1,913
ATLAS - g8 BPH-20-003 917535
JHEP 04 (2019) 098 " -07
+0.61
i e e— 294472 SMS ¢ oz 60 —_— 17005,
LHch (2017) 191801 —_— 3.0%7 Rt J— s 2.04:0.44
SM Prediction SM Prediction
Beneke et al, JHEP 10 (2019) 232 ) —_— . 3.66 i‘D.14 ~(8°,) ) ) ) ‘ ‘ 1.616 = ?.010
1 2 3 0.5 1 15 2 25 3

4 5
BB - ) [107] (8] — ww) [ps]



L: NP in B? — p"u~ decays

Backup slides

e Sensitive to NP since it's a
very rare decay, due to loop,
CKM and helicity suppression

e B(BY — utp~) is sensitive
to C( ), Cé,), C() Wilson

coefficients (onIy Cip in SM)

o Effective lifetime 7,4+, is
sensitive to NP independent
to branching fraction

(Aar # +1)

[Pl =1I8,=0.¢r=0

ps=m/2
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1
~ 04 i NP (Cma
—0.6 i |
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0.8 '-' / == S|, s free; [Pl =1; op =0
10— pr=F/2 = p free; |S| =0;|P| =14 10% ||
|P|=l,|S\=0 = Excluded at 95% C.L.
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