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Introduction
Why study b-hadron properties with semileptonic decays?

® |arge branching fractions
® theoretical uncertainties under control

» only one hadronic current — parametrised by form factors
® many interesting phenomena

> exclusive vs inclusive | V|
» lepton universality tests

T T T T T T =] o [T T T T ]
BoDtIY A= 1.0 contours S [ ravaves =10 contours
B-DIv E & 04 -
Borly El £ _LHCbls J
Ao Inclusive E E E|

voTk V., GGOU E| E BaBarl2 ]

I World Average V' globl ftin ks 3 0.35 — 3¢ -3
E| C LHCb18 J
F ‘ N E
3 025 = * Bellelo — Bellels B
= E Belier7 3

HFLAV 02 + Average of SM predictions HFLAV
r RD) 029950003 [Spring 2019 1
P =7.1% —| C "= X oo21%

! L I T I L = I L I o)

35 36 37 38 39 40 41 42 43 434 02 03 04 0.5
[V, I [107] R(D)
d

Florian Reiss Study of Ib-hadron properties ICHEP 2020, 30%0/% 20!



Introduction

Why study b-hadron properties with semileptonic decays at LHCb?

® trigger designed for displaced b-hadron decays
® |arge amount of b-hadrons produced
» including B, BS, A9

Magnet
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Introduction

LHCb results covered in this talk:

® Measurement of b-hadron fractions in 13 TeV pp collisions
Phys. Rev. D 100 (2019) 031102
® Measurement of the B meson production fraction and asymmetry in
7 and 13 TeV pp collisions
Phys. Rev. D 100 (2019) 112006
® Observation of the semileptonic decay B — pputu,
JHEP 03 (2020) 146
® Measurement of the shape
of the B — D}~ u* v, differential decay rate
arXiv:2003.08453 submitted to JHEP
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.112006
https://link.springer.com/article/10.1007%2FJHEP03%282020%29146
https://arxiv.org/abs/2003.08453

PRD 100 (2019) 031102

Measurement of b-hadron fractions in 13
TeV pp collisions
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BY and /1 production fractions PRD 100 (2019) 031102

Goal:
 measure B? and A9 production fraction relative to sum of B~ and B°

e 1.67fb~! at 13 TeV recorded in 2016
» 7 TeV already measured PRD 85 (2012) 032008

Motivation:

® knowledge of production fractions necessary to determine absolute
branching fractions
» e.g. f. needed for B(B?— utp™)
» future | V| measurement from A9 — Afp "7,
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.032008

BY and A? production fractions PRD 100 (2019) 031102

Strategy:
® perform measurement in bins of transverse momentum pr and
pseudorapidity n of the b-hadron
® assume almost equal semileptonic width 's; for b-hadrons
JHEP 09 (2011) 012
e use inclusive Hp— Hepv with He = DI, AF, D° D+ decays
® determine efficiency and BF corrected yields neorr
fi Neorr(B2 — D) Tg- + Tgo
fut+fs Neore(B = DOU=) + neore(B — D) 2750
B(B — DsKu~) (B — DY)
(Bst.) e(BY — D)’

ng _ ncorr(/lg — Hcp,_) TB—- + Tgo
fut+ s Neorr(B = DOu=) + neorr(B — D) ZTA(;

(1 - gs)

(1= &x0)-

e & SU(3) symmetry breaking correction ~ —1%

® ¢,0: chromomagnetic correction: ~ 3%
b
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https://link.springer.com/article/10.1007%2FJHEP09%282011%29012

BY and A? production fractions PRD 100 (2019) 031102

Results:

8 0-4: T T T T T ]
% 2 LHCb E
® no dependence on 7 of Hy T 's=13TeV 4
® dependence on transverse c_’f g E
momentum 8 g E
> light for f; @ 015 e
» strong for £ 00'5§_ f%f- E
O 1 1 1

20 25
p.(Hy) [GeV]
Integrating over pr =4 —25GeV, n =2 —b5:

fs
= 0.122 £+ 0.006(stat. + syst.
s 006(stat. + syst.)
fA?’ =0.259 +£0.018 +
= 0. . tat. t.
s (sta syst.)
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PRD 100 (2019) 112006

Measurement of the B_ meson
production fraction in 7 and 13 TeV pp
collisions
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B_ production fraction PRD 100 (2019) 112006

Goal:
® measure relative B production fraction at 7 and 13 TeV
Strategy:
® reconstruct as B — J/y v,
* Isu(Bo) # Ts(B)
> use average of predictions for B (B — Jiypu~7,)
fc _ ncor(Bc_ — J/Z/)M_Vu) <le>
futfa ~ Neor(B — DOXpu=0) + neor(B — DX~ 7)  B(Be — Jjbp7,)

® extract yield by fitting meorr = \/m(J/zpu_)2 + pi +pL
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B production fraction PRD 100 (2019) 112006

Results:
f‘
€ —(3.63+0.0840.12+0.86) - 10> for 7 TeV,
fu+ fq
f
¢ —=(3.7840.04 4 0.15+0.89) - 1073 for 13 TeV,
fu + fd

where uncertainties are stat., syst. and from prediction of B (BZ — J/i = 7,)
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JHEP 03 (2020) 146

Observation of the semileptonic decay
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Observation of B* — pputy, JHEP 03 (2020) 146

Motivation:
® R(D) and R(D*) anomalies — also measure b— u transitions

® predictions by perturbative QCD:
BF(B*— pputy,) = (1.04 +0.38) x 10~*
Physics Letters B704 (2011) 495

® evidence from Belle PRD 89 (2014) 011101
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https://arxiv.org/pdf/1107.0801.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.011101

Observation of B* — pputy, JHEP 03 (2020) 146

Analysis strategy:

e use 1.0, 2.0, 1.7fb™ ! at centre-of-mass energies 7, 8, 13 TeV
recorded by LHCb in 2011, 2012, 2016

® branching fraction measured in bins of pp invariant mass
® extracted signal yield by fitting corrected mass

Meorr = ’pJ_| + |PJ_‘2 + mgﬁu

® Bt — Ji(— ptpu)KT as normalisation channel

Ni(B* — pputvy) « (BT = JWKT)
N(B*— J0R™) ~ a(BF = ppitey)
x B(BT = JWp KT) x B(Jp — utp™)

Bi(B* — pputv,) =
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Observation of B* — pputy,

Signal yield extraction:
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JHEP 03 (2020) 146

g

250}

a2&3

(@]

,'_ch 2011+ 2012+ 2016 E S 450k II_HCb 2011+ 2012+ 2016 i
m(pp) O [1.87, 2.0] GeV/c? % 400 m(pp) O [20,22] Gev/c?  :
3 O
b
=2
8
=]
1=
w
7 7
Mo [GEV/C? Mo [GEV/C?
ILch 2011+ 2012 + 2016 ' E g 120F ILch 2011+ 2012 + 2016 e
m(pp) O [2.4, 2.6] Gev/c? 3 100 m(pp) O [26,5.0] Gevicz 1
Q
=
e
=
8
2
w

:
Meorr [GEV/C?]

My [GEV/EY

® 2011, 2012, 2016 samples combined to increase fit stability
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Observation of B* — pputy, JHEP 03 (2020) 146

Results:
* B(B*— pputi,) =
(5.2710-23(stat.) + 0.21(syst.) + 0.15(ext.)) x 107°
® absolute value lower than theory prediction
® shape of differential branching fraction consistent with theory

® threshold enhancement observed
. x10°
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=
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5
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colour bands: veto regions for 1, J/, 1(2S)
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arXiv:2003.08453

Measurement of the shape of the
BY— D~ ptv, differential decay rate
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BY— D:~ ", differential decay rate arXiv:2003.08453

Motivation:

e discrepancy between inclusive and exclusive |V |

exclusive |V,p| relies on form factors

measured form factors input of prediction for
w4\ _ B(B~D:*rtu;)
R(Ds ) ~ B(B%~D:Tutyy)

® spectator s-quark heavy — more precise predictions

— lepton universality test
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BY— D:~ ", differential decay rate arXiv:2003.08453

Form factors:
® parametrise hadronic current
» CLN Nucl. Phys. B530 (1998) 153
» BGL Phys. Lett. B353 (1995) 306
Strategy:
® obtain efficiency-corrected yield in bins of hadron recoil w:

2 2 2
P Ppz- Mgyt My — 4

Mpg Mp;- 2mpy My~

L
e use 1.7fb~! recorded in 2016 at %
13 TeV d
® use decay D}~ — D~y g
> Dy = ¢(— KTK ™ )r~ 87F ]
> Dy = K= n KT)K~ e -.gfsr?(D;v)[Mev/czzlm
signal background

Florian Reiss Study of Ib-hadron properties: ICHEP 2020, 30%0/% 20!


https://www.sciencedirect.com/science/article/pii/S0550321398003502?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0370269395004809?via%3Dihub

BY— D:~ ", differential decay rate

Signal yield extraction:

arXiv:2003.08453

o o
o LHCh ) LHC ) LHCh
—+— daa 2000] 10sws11l 2500] 111<ws117 2500] 117<ws122
B - Do, o 20 20)
Dy, e 10 15
o 100
o, - DX 1om) b )
combinatorial ) 8§ §
B - D'y, AT e i P
G ——
g —— 2 ] 2
E £ B o B B g o o
Mo [MeV/c M [MeV/C] M [MeV/c]
iy ey
LHCb LHCH 3% LHCb 3 g LHCb
12<ws127 127<ws132 = zxm) 132<ws138 = 138<ws147
2 2m)
150 2m)
100 150
100
0 EY
S — o — I - ] 5 ] -
E,ZL— — —4 g3F ] 2 ] 2
£ E

e MevIc]

Florian Reiss

Mo (Mev/c]

Study of Ib-hadron properties:

template fit to corrected mass meo,r = \/m

Mon [MeV/C]

= e
M [Mevic?)

2
DI p

ICHEP 2020, 30%0/% 20!

L+ 1P+ |pL



BY— D:~ ", differential decay rate arXiv:2003.08453

Form factor fit:

o fit unfolded and efficiency-corrected w distribution
with form factor model

=< 3.5F T T T T T M
S LHCb 3
2 b 3
8 C ]
€5 E ]
3 - 3
:Z 25 o ]
= E ) ]
2 2F 3
58 4 ]
Z 15F data ]
E'z E |:| Fit with BGL parametrisation E
1 :_ |:| Fit with CLN parametrisation _I
L. A P R B R

0'51 11 12 13 14
Wunf

® CLN and BGL parametrisations consistent with each other and data
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Summary

Many properties of b-hadrons can be measured at LHCb:
e relative production fractions for B2, A9 and B
e first observation of BT — pputu,
® first time measurement of unfolded normalised differential decay rate
for B— D~ utv,
These properties are important input for theory and experiment:
® production fractions for absolute branching ratios
® test of perturbative QCD predictions
e form factors for R(X) predictions

Florian Reiss Study of Ib-hadron properties: ICHEP 2020, 30%0/% 20!



Thanks for your attention!
Any questions?
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Back-up




BY— D:~ ", differential decay rate arXiv:2003.08453
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BY— D:~ ", differential decay rate arXiv:2003.08453

S

'Weighted candidates/ ( 0.2 )
Weighted candidates / (0.2)
5
Weighted candidates / (0.2)

8
6
4
2
o

Cross-check:
® compare data and simulation using fitted fractions
® MC describes cos(6,,), cos(6,DF), x? well
— can measure differential decay rate as function of only w
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BY— D:~ ", differential decay rate arXiv:2003.08453

":E 3-5: T T T T
z of LHCb
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55 ,ef i
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05L ! | | 1
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Wunf

® measured w spectrum consistent with results from PRD 101 (2020)
072004
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004

BY— D:~ ", differential decay rate arXiv:2003.08453

Differential decay rate:

dr(BY— Dy ptv,) _ GE|Veb|? !nEwl |plq?
dg? 967m3m
2\ 3w (1)
(IH+ 2 + |H-* + |Ho|?) (1 + 2—> + §—§|Ht|2
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BY— D:~ ", differential decay rate

Analysis strategy:

highest pry in cone around D,
direction of flight

7 separated from 70 by neural
network

random D_ -7 combinations
subtracted via sPlot

signal: Gaussian with power-law
tail on right side

background: exponential
distribution

Hp— D Hc(— ptv,X)
suppressed by MVA selecting
isolated muons

X: one or more hadrons

Florian Reiss Study of Ib-hadron properties
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arXiv:2003.08453
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BY— D:~ ", differential decay rate arXiv:2003.08453

® most templates obtained from corrected simulation
® largest background: B? — D=7 (— p~v,vr vy
® BY— Ds1(2460) (tvy, £ =T,

® Hp— Di~Hc, mixture of H,=B?, B%, BT A9

® combinatorial background obtained from wrong-sign data sample
Ds~p~
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BY— D:~ ", differential decay rate arXiv:2003.08453

Unfolding:

iciency
o
o
N

® determine efficiency as function — LHCb —l.—-}-_*_ —

of Were E 0.(;19;— + _+_ 3

e unfold measured w to get Weye S 008 E
distribution 0017 + E
o 0.016F E

® corrected unfolded distribution 0015 _+_ E

by efficiency E . .
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Observation of B* — pputy, JHEP 03 (2020) 146

Selection:

700] ' ' ——
ELHCb e -ruy,
Simulation [EZg* _ 74t
B —»p/\c/.l v,

Charged-isolation BDT
* B— Acputv,X, Az — pY,
X: any number of charged or
neutral pions

Normalised Entries
(6]
o
R

® trained on simulated
Bt — pAZ Ty, decays g i E

o 80% of B—s A putu,X ® 02704 05" 081
rejected, 93% signal efficiency Charged-isolation BDT

Part-reco BDT

e B— ppDX

® trained on mixture of simulated
background decays

* removes 18% of B— ppD,
98% signal efficiency

- LHCD B ppury,
: Simulation —'—BO—»BOpﬁ

Normalised Entries
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Observation of B* — pputy, JHEP 03 (2020) 146

Normalisation mode fit:
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® 2011, 2012, 2016 fitted separately for control mode
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BY and A? production fractions PRD 100 (2019) 031102

Correct for B? and A9 to B%~ — D cross-feed, e.g. from
B DOK* 7,
® perform 2D fit to separate resonant and non-resonant contributions
» m(D°h)c = m(D°h) — m(D°) + m(D®)ppg, h = K, p
» difference in vertex x? when hadron added to (D)

> o3, i i 1 235000F "
< 12000F | P 3 d
2 LHCb § Sioppof LHCD
10000 1 Tsoook
g E 4 2
g 8000 1 Z20000F
S 6000 by 1 Ziso00f
2 4000F 3 S1o000f "
© 2000 [, E 5000F ] E
0 Famrith -3 n - 0 - 3
2500 3000 3500 4000 4 2
m(D’K?) [MeV]
% 1800E " ' 1 5 7000F
2 LHCb 3 S 6000
< 34 g 5000
8 1 3 4000
g 1 E 3000
= 3 S 2000
© 3 1000
: o ;
3500 4000 - 4
m(D"p). [MeV] In(8y%)
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~ production fraction PRD 100 (2019) 112006
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