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Introduction

Introduction

Lepton Flavour Universality (LFU):
¢ In SM, electroweak couplings of charged leptons are identical (universal).
o Difference between e, u and 7 should therefore only be driven by mass.

e Test: ratios of branching fractions to final states differing by lepton flavour.

LFU tests in semitauonic b-hadron decays:

pt /Tt
B(Xp— XcTtv, v
R(XC) — ( b T V. ) B w+ B
B(Xo— Xcptvy) 2 —n
Xb Xe
(Xp: b-hadron, X.: c-hadron) . N .
q
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Introduction

Introduction

In this talk: Viode BF (%)
e R(D*) hadronic: B®— D* £*v with 7+ — 3n5(x%)p,. ——— =700, | 25.49 % 0.09

e R(D*) muonic: B®— D*~£*v with 75— ptv,v,. T e Uev, | 17.82+0.04

e R(JMY) muonic: Bf — JplTv with 77— ptu, v, T = p Duvr | 17.39+0.04

o Complementary strategies: different backgrounds and T W_:’F/‘f 10.82+£0.05
oystematics. 7™ 3nFu, | 9.3140.05
77— 3nF 1%, | 4.6240.05

LHCb 201142012 data: 3fb! at /s = 7&8 TeV.
e Using D*~— D°%(— K+~ )~ and J/p — ptpu~. [Poe)

Predictions:
e R(D*) = 0.258 4 0.005 [HFLAV Summer 2015]

e R(J/P) € [0.25,0.28] [pLBas2 (1999) 120, arxiv:0211021, PRD73 (2006) 054024, PRD74 (2006) 074008]
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http://pdg.lbl.gov/
https://hflav.web.cern.ch/
http://www.sciencedirect.com/science/article/pii/S0370269399002737?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.054024
dx.doi.org/10.1103/PhysRevD.74.074008

R(D*) with v+ — 37%(x%)z,

R(D*) with 71 — 371X (7).
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R(D*) with 7+ — 37% (%),  PRL 120, 171802 (2018) and PRD 97, 072013 (2018)

R(D*) hadronic: introduction

K(D*) = B(B°— D* 1tv,) ~ Nsig €norm 1
- B(BO—) D*_3'ﬂ'i) B Nnorm Esig B(T+_) 37Ti(7TO)VT)
e Signal and normalisation same visible final state: D*~ 37",

Nsig from 3D binned template fit:
[ ] q2 = |PBO — PD*|21
e 71 decay time,
e Output of BDT trained to discriminate signal from D*DZ.

Noorm from unbinned max likelihood fit to m(D*37%).

Make use of three-prong tau vertex in selection.
Convert K£(D*) to R(D*):

B(B°— D*~37%)
B(B°— D*~ptv,) ’

R(D*) = K(D*)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013

R(D*) with 7+ — 37% (%),  PRL 120, 171802 (2018) and PRD 97, 072013 (2018)

R(D*) hadronic: backgrounds

e Most abundant background:
Xp— D*~ 37X,
e ~ 100x more abundant than signal.
e Suppressed by requiring 7T vertex to be
40 p, downstream from B vertex.
e Improves S/B by factor 160.
e Remaining backgrounds: double charm
modes with non-negligible lifetimes:
e Xp,— D*DFX ~ 10x signal,
o Xp— D*DTX ~ 1x signal,
e Xp— D*D°X ~ 0.2x signal.

LHCb simulation

Prompt (D* mrriX)
[l Double-charm (D*DX)
Bl signd (D*7v)

Candidates/ 0.1

[PRD 97, 072013 (2018)]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013

R(D*) with 7+ — 37% (%),  PRL 120, 171802 (2018) and PRD 97, 072013 (2018)

R(D*) hadronic: backgrounds

LHCb simulation +++

Candidates

+4-Signdl . + +
-#-Background ¢¢* ¢‘

Discriminate between signal and double charm backgrounds 006 !
using a BDT that exploits the resonant structures in the 37+ 004

systems from 71 and D] decays. 002

Olemans!

.l
-

.

-

-
——
—-—

s b b b b

’Q

Q L
1L 20009 L ‘m,
-0.4 -0.2 0 0.2
BDT response

[PRD 97, 072013 (2018)]

T T T
o Daa

— Total model (a

B° - D'°D}

Bl - DD

B° — D'7D*(2317)

B° — D'7D(2460) +

B B> — DD X

o

Control samples of D*D} X, D*D* X and D*D°X used to
correct simulation.

B - D'"DI X
[ Comb. bkg.

Candidates/ ( 24 MeV/c?)

nf
of

4000 4500 5000 5500
m(D 7" ) [MeV/c?]
[PRL 120, 171802 (2018), PRD 97, 072013 (2018)]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013

R(D*) with 7+ — 37% (%),  PRL 120, 171802 (2018) and PRD 97, 072013 (2018)

R(D*) hadronic: fit and result

Projections of 3D binned template fit shown for t(7)
(left) and g? (right) for each of the BDT bins.

Signal purity increases with BDT output, while D* D X
fraction decreases.

Dominant background at high BDT output D*D" X due
to long D lifetime.

Nsig = 1296 £ 86, Nporm = 17660 £ 158.

Candidates/(1.375GeV?/c?)

¥ 58 8 8 B psgsEREEE

5 8 g 5 8 ysge BB Euss

E B 8 & 8

IC(D*) = 1.97 + 0.13 (stat) & 0.18 (syst)
| R(D*) = 0.201 +0.019 (stat) 4 0.026 (syst) + 0.013 (ext). |

8 8 5§ 8
8 8 5 3 8
T

5
B
T

e 0.90 above SM, compatible with experimental average. e,

[PRL 120, 171802 (2018), PRD 97, 072013 (2018)]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013

R(D*) with 7+ — 37% (%),  PRL 120, 171802 (2018) and PRD 97, 072013 (2018)

R(D*) hadronic: systematic uncertainties

S SR(D™) o
i . . ource R(D*) [/o]
e Largest systematic uncertainty is SR 7
MC statistics. Empty bins in templates 1.3
L. Signal decay model 1.8
e Uncertainties on double charm D**7uy and D¥*Tu, feed-down 27
backgrounds should improve DY — 3mtX decay model 25
ith dat di d B— D*DF X, D*D* X, D*D°X backgrounds 3.9
wi more data and improve Combinatorial background 0.7
external measurements. B— D*~ 37X background 2.8
. .. . Efficiency ratio 3.9
o Uncertamty on efﬁC'enCy ratio Normalisation channel efficiency 2.0
should improve with more (modelling of B — D*~3r%)
statistics. Total systematic uncertainty | 9.1

[PRL 120, 171802 (2018), PRD 97, 072013 (2018)]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013

R(D*) with 7+ — p_*uuD.,-

R(D*) with 77— utv,v,
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R(D*) with 7+ — ptuv, U, PRL 115, 112001 (2015)

R(D*) muonic: introduction

B(B°— D* 7t v,)

R(D™) = B(B°— D*—ptv,)

e Both modes have same visible final state: D* ™.
o Neither fully reconstructable, due to neutrinos.

o B% momentum approximated using B decay vertex and
scaling visible longitudinal momentum by
m(B°)/m(D* ")

e Resolution on kinematic variables enough to distinguish
between T/ modes.

e 3D binned template fit to extract yields:
e g° = |Pgo — Pp«|?,
o mrzniss = |PBO — PD* — P#+|2'
e E}. = muon energy in BO rest frame.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803

R(D*) with 7+ — ptuv, U, PRL 115, 112001 (2015)

R(D*) muonic: fit and result

G 20000 < <A eV Lrce] g ao0of | OM<F<z8SGTE T LHED]
§ o Hwol 18
. . . . = 10000 M ER|
e Projections of 3D binned template fit shown for m2miss gf o BT
(left) and E;Jr (right) in each of the g? bins e (sz,;) ey
i i G TR (o] § 0 IR (herd
e Dominant component is B% — D*utuy, 3 om0 e f
=3 8 E
: I . % o ER o
e BY— D*rFu, signal purity increases with g° § 5 o
e Backgrounds: T R
g Erpreronramens o Y TR
e D** feed-down 3 H
e Double charm P %
o Combinatorial Eﬁ

e Misidentified muon

Candidates/ (75 MeV)

| R(D*) = 0.336 + 0.027 (stat) + 0.030 (syst) |
e 1.9¢0 above SM

Candidates/ (0.3 Gev/c)

500 1000 1500 ZE?p
[PRL 115, 112001 (2015)]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803

R(D*) with 7+ — ptuv, U, PRL 115, 112001 (2015)

R(D*) muonic: systematics

e MC statistics largest systematic.

e Mis-ID p template: reduce with
improved rejection and more
sophisticated technique.

Adam Morris (CPPM)

Source SR(D*)[x107?]
Simulated sample size (model) 2.0
Misidentified p template shape 1.6
B® — D*+(7~ /u~)¥ form factors 0.6
B— D** X (— uvX')X shape corrections 0.5
B(B— D*1~7.)/B(B— D*u"v) 0.5
B— D**(— D*mr)uv shape corrections 0.4
Corrections to simulation 0.4
Combinatorial background shape 0.3
B— D**(— D**m)u v, form factors 03
B— D*t(DF — Tv)X fraction 0.1
Simulated sample size (normalisation) 0.6
Hardware trigger efficiency 0.6
Particle identification efficiencies 0.3
Form-factors 0.2
B(t™ — u Uuvr) <0.1
Total systematic uncertainty 3.0

LFU tests with semitauonic B decays at LHCb

[PRL 115, 112001 (2015)]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803

R(J/4) with 77 — p_*uuD.,-

R(J/) with 77— pty,w;
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R(J/) with 7% — ptu, D, PRL 120, 121801 (2018)

R(J/4) muonic: introduction

(Bf = JbThv,)
(B:‘rH Jputyy,)

RUW) = 3

Both modes have same visible final state: J/ipu™.
3D binned template fit to extract yields:

e B} decay time,
>
miss’

o Z(E}.. q°) = flattened 4 x 2 histogram of E*., and ¢°.

B} decay form factors not precisely determined; constrained
experimentally from this analysis.

Low rate of B} production, but no long-lived D-meson y
background. @
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801

R(J/) with 7% — ptu, D, PRL 120, 121801 (2018)

R(J/4) muonic: fit and result

g

§

3000

g

§

H
o
g
i
t
8

Projections of 3D binned template fit shown.
Largest component is B — J/4 u v, (19140 £ 340 candidates). h ’ a8
Bl — J/T v, in red (1400 & 300 candidates). ;
Main background: X, — J/i) + mis-1D hadron.

First evidence of the decay BY — J/ v, (30 significance).

o
rak

Pulls

EEEE

Candidates/
EEE!

[ ]
Pulls

| R(J$) = 0.7140.17 (stat) +0.18 (syst) | =
e 20 above the SM. g%
39

«0E)
[PRL 120, 121801 (2018)]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801

R(J/) with 7% — ptu, D, PRL 120, 121801 (2018)

R(J/4) muonic: systematics

Source SR(J/YP)[x107?]

Simulation sample size 8.0

B& — J/p form factors 12.1

BZ — (2S) form factors 3.2

Bias correction 5.4

Bt — JAp XX cocktail composition 3.6

Z binning strategy 5.6

+ . H Misidentification background strate 5.4

¢ BC form faCt_ors' recent improvements Combinatorial backgrogund <:o<:ktai|gy 4.5
should enter into updated measurement. Combinatorial J/4 sideband scaling 0.9
. . Empirical reweightin 1.6

e MC statistics second-largest systematic. Ser'r':itauonic ¢(g25) agnd xe feed-down 09
Fixing A2(q?) slope to zero 0.3

Efficiency ratio 0.6

B(tt— ptvuvr) 0.2

Total systematic uncertainty | 17.7

[PRL 120, 121801 (2018)]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801

Summary and conclusions

Summary and conclusions
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Summary and conclusions

Summary

LHCb has made 3 tests of LFU with semitauonic B decays so far:

R(D*) (hadronic) = 0.291 £ 0.019 (stat) £ 0.026 (syst) £ 0.013 (ext),
R(D*) (muonic) = 0.336 % 0.027 (stat) % 0.030 (syst),
R(JY) = 071 +0.17 (stat) +0.18 (syst).

Average of LHCb R(D*) results is 1.9 0 above SM:

R(D*) = 0.310 4 0.016 (stat) = 0.022 (syst).
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Summary and conclusions

World averages

LHCb R(I/y)
PRL 120, 121801 (2018)
0.71+0.17+0.18

SM predictions

PLB 452 (1999) 129
arXiv:hep-ph/0211021
PRD 73 (2006) 054024
PRD 74 (2006) 074008
Range 0.25 - 0.28

-0.5 0 0.5

Between LHCb, BaBar and Belle: 9
measurements of LFU with
semitauonic B decays so far.

e 6 x R(D*), 2x R(D), 1 x R(J/¥).
o All lie above the SM expectation.
e R(D*) average 3.0 0 from SM.

Adam Morris (CPPM)

BaBar had.
0332 + 0,024 + 0018

Belle had. tag
0293+ 0038 £ 0,015
Bellesl.tag

0.302 + 0,030 + 0,011
Belle hadronic tau

0270 + 0035+ 0,027

LHCb muonic tau
0.336 £ 0,027 £ 0.030

LHCb hadronic tau
0.291% 0019 £ 0.029
Average

0.306 + 0,013+ 0,007

SM Pred. average
0258+ 0.005

PRD 95 (2017) 115008
0257+ 0003

JHEP 1711 (2017) 061
0.260 £ 0,008

JHEP 1712 (2017) 060
0.257 + 0.005
HFLAV

0.2

[HFLAV Summer 2018]

R(D*)

LFU tests with semitauonic B decays at LHCb

BaBar had. tag
0440 £ 0,058 £ 0042
Belle had. tag
0375:£0.064 £ 0026
Average

0407:£ 0,039 + 0,024
PRD4,094008(2016)
0299 £ 0,003
FNAL/MILC (2015)
0299 £ 0,011
HPQCD (2015)
0300 £ 0,008

HFLAV
I |

s

0.2

0.4

0.6
R(D)

R(D) included for context
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Summary and conclusions

World averages

e HFLAV summer 2018
R(D) — R(D*) average is 3.8¢
from the SM.

e Reduction from 4.1 0 due to

increase in theory uncertainties.

Adam Morris (CPPM)

LFU tests with semitauonic B decays at LHCb

—~~ C I T T T T T T T T I T T T T I T T T T I ]

* F T gisar, PRL109,101802(2012) i

&) 05 I ——— Belle, PRD92,072014(2015) Ax? = 1.0 contours .

hd ' ——— LHCb, PRL115,111803(2015) R

0.45F- —— Belle PROS4,072007(2016) === Averageof SM predictions 1

""" ——— Belle, PRL118,211801(2017) R(D) = 0.299 + 0.003 E

F' ——— LHCb, PRL120,171802(2018) R(D*) = 0.258 + 0,005 7]

0.4 [0 Average .

ossE| - ~ 4o

03f i 20 =

0'2:_| | | p(X):74%I—:
0.2 0.3 0.4 0.5 0.6

R(D)

[HFLAV Summer 2018]
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Summary and conclusions

Conclusions and prospects

Hints of LFU violation in semitauonic B decays.
e R(D)— R(D*): 3.80 away from SM.
o R(JAP): 20 above SM.

LHCb results only use Run 1 data: Runs 2,3,4... will bring much larger statistics.

Many systematics will reduce with more data and more MC

Others will reduce with improved external measurements (BESIII, Belle I1)

Analyses of more modes:
e b e, R(D*), R(D°), R(DF™), R(AF™) ..
e b= ur v N— pr U, BT — ppriu, .

New observables beyond ratios of branching fractions, e.g. angular analyses to
discriminate between NP models.
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R(D*) with v+ — 37%(x%)z,

R(D*) with 71 — 371X (7).
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R(D*) with 7+ — 37n% (%),  PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic

B(BO—> D*737ri)
B(B°— D*~ptv,)
Nsig €norm 1

Nnorm &sig B(T+ — 37t (70)w,)

R(D*) = K(D)

K(D*) =

Nsig from 3D binned template fit

Noorm from unbinned fit to m(D*~3n+)

Efficiencies £ from MC

B(rt — 37%p,) = (9.31 £ 0.05) % [PDG]
B(rt— 3717 70,) = (4.61 £ 0.05) % [PDG]

. (BO% D*~37%) [LHCb, BaBar, Belle]
B(B%— D*~p*w,) [PDG]

Adam Morris (CPPM) LFU tests with semitauonic B decays at LHCb CKM Workshop 2018, Heidelberg 25/22


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
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R(D*) with 7+ — 37n% (%),  PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic: BDT

o
w

E bt @ 7 g T ® 7
] ++ @ 0.25F E
2 oo, t 12 .t ! E
@ 0085 } o o2f LHCb simulation
@ v E E
?[3 006 . :+ ] Tﬂ? 0.15 . ¢ Signa =
»t F + Background ]
& 004f, “ﬂ . 1 5 o - + Background
B + . S F o E
S 002 . ] 5 005F &, Tlew, E
O .t e, . vaa, E
0 1 e he Tunty, 1 0 - L. e, fubt ? & 1.2
500 1000 1500 500 1000 1500 2000 2500
min[m(r* )] [MeV/c? max[m(7r* )] [MeV/c?]
& 025F T Y T o <~ 0.09 T T E
N © £ oo th @ 3
[ E
O 02F . 4 2 oo07 E
= E
8 “ < 006 ++ ++++ 3
< o1sp N 1 Roos + *g E
5 4 =t = wy T %00y E
g o 1 gom AR
3 + & 0.03 t . + PR
B AN 2 o ¢ 3
& 005 S 4 Boom B 5 .
o - e § 001F o v E
. Ss Smaats, L hon E

0 0

50 0 50 100
|B(B)|-IB(D") |-IB(r*)| [Gevic]
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R(D*) with 7+ — 37n% (%),  PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic: D}, D°, D% control channels

Candidates/ (10 MeV/c?)

8o 060 1500 2000

m(rr ) [MeV/c?
Distribution of m(37*+) for candidates
passing the detached-vertex cut. The
D% and DJ peaks are visible.

Adam Morris (CPPM)

250F T 3
© 1eof g g
> %k S Ho0f E
© 140f = 200
£ © =
© 120f < 150f E
B 100 tig .
T 80f pe 100f E
T 60F & f
8 wf O s0F E
20§ : R )
ob——L e e 1600 1800 2000
m(K ') [Mev/c]

m(K™rr ) [MeV/c?)
Distribution of m(K~37¥) where a
charged kaon has been associated to
the 37% vertex (anti-isolation). The DO
peak is visible.

Distribution of m(K~ 7w =") for
candidates passing the signal selection,
where a w~ has been assigned the kaon
mass (anti-PID). The DT peak is
visible.
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R(D*) with 7+ — 37n% (%),  PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic: normalisation

N§ 500F 4 pata LHCb N§1000}+Daa 3 °§ 100f
S 00l — Totd Modd 5=7Tev 1 @ [ —Tota Model s=8Tev | 3 |
E [ -- Gaussian ] gEo 800 - - Gaussian 1 o 80
& 00 - Crysta Ball 1 © b vl 15w
:\ﬂ/ ' — Background @ E ' — Background (b E H
| 2000 1 & o 1 & 4f
h=] E o L i< L
2 100f 4 2 200f B E 20F E
ot $ . (SIS ) : C .
e L J = < Ly - C L o ol ]
5150 5200 5250 5300 5350 5400 5150 5200 5250 5300 5350 5400 1800 1900 2000 2100
m(D"" i 1) [MeV/c?] m(D" " 1T 1) [MeV/c?] m(7r 71 1) [MeV/c?|

e Fit m(D*~37%) for the number of B? candidates
e Signal: sum of Gaussian and Crystal Ball with shared mean
e Background: exponential function
o Fit m(37%) in 5.20 < m(D*~3n%) < 5.35GeV/c? for number of D] candidates
o Signal: Gaussian distribution
e Background: exponential function
e N,om is the difference of the two

Nnorm = 17660 + 143 (stat) & 64 (syst) + 22(D]")
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R(D*) with 7+ — 37n% (%),  PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic: neutral isolation

(\I_\ r T T T T T T T T T T T ]
S 14000 | Hcb E
D - =
< 12000f ]
o - —
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__*g 6000 - B
S - —
o 4000; 1
O 2000F E
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R(D*) with 7+ — 37n% (%),  PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic: Xp— D*~37*X MC sample

e Inclusive X, — D*~ 37t X MC sample S0 ,_
o7 LHCb simulation
e Shown: different parents of the 37 system Fook (3 Fom ot brecons
e Blue: B° s e
e Yellow: other b-hadrons oaf
e Signal B®— D*~7tu,
e Prompt: directly from X
e Charm (D, D° D7)
e B1B2: 37* and D° from different X} E
o 7t from a D} decay oss E
e D**7ty, (i.e. more highly-excited D*) states) oZzE: E
e Top: after initial selection e E
0.05 —
e Middle: all candidates in the template fit ok S St T o -

e Bottom: 3 highest BDT bins
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R(D*) with 7+ — 37n% (%),  PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic: D*~ D¢} control sample
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R(D*) with 77 — 37\'i(7\'0)3.,-

PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic: D decay model

e Xp— D*~ DI X control
sample obtained using
BDT output

Adam Morris (CPPM)

— data
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R(D*) with 7+ — 37n% (%),  PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic: D decay model

o> C
§2000 - (@) —¢— data
o 7T 31(1260)+(—) p07'l'+)l_/-,- ﬁ N -Non-Dj background
e Dominant source of p° in D decays due ~ Q!500F OEA B deaayR
N
ton — o° < D} — 1, np*
n . p ’Y . . - §1000 -_ -D+ ‘m r~t
e Crucial to describe n’ contribution = - B o: - nmnp
accurately “c% 500
e Fit results used to describe the o o e

300 400 500 600 700 800 900 1000 1100 1200
min[m(z*7)] [MeV/c?]

D} — 37X model in the template fit
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R(D*) with 77 — 37\'i(7\'0)3.,-

PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic: D decay model fit results

DY decay Relative contribution  Correction to MC
nrt(X) 0.156 £ 0.010
np* 0.109 £ 0.016 0.88 £0.13
nrt 0.047 £ 0.014 0.75 + 0.23
n'nt(X) 0.317 £ 0.015
n'pt 0.179 £ 0.016 0.710 £ 0.063
n'nt 0.138 £ 0.015 0.808 £ 0.088
¢t (X), wrt(X) 0.206 £ 0.02
¢p", wot 0.043 + 0.022 0.28 +0.14
¢, wnt 0.163 + 0.021 1.588 + 0.208
n3m 0.104 £ 0.021 1.81 £ 0.36
73w 0.0835 £ 0.0102 5.39 £ 0.66
w3 0.0415 £ 0.0122 5.19 + 1.53
KO3m 0.0204 £ 0.0139 1.0 £0.7
¢3m 0.0141 0.97
7t (= 37 (N)D; v, 0.0135 0.97
X 3T 0.038 £ 0.005 6.69 £+ 0.94

Adam Morris (CPPM) LFU tests with semitauonic B decays at LHCb CKM Workshop 2018, Heidelberg 34/22


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013

R(D*) with 7+ — 37n% (%),  PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic: fit projections
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R(D*) with 7+ — 37n% (%),  PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic: fit results

Fit component Normalisation

Adam Morris (CPPM)

B - D*~7%(— 37v.)vr Nsig X fr 33m
B® — D* 1t (— 3770, v, Nsig % (1 = fr370)
B — D*71tu, Nig X fprer,,

B — D*DTX fp+ % Np,

B — D*~ DOX different vertices fpo”? x N3

B — D*~ D°X same vertex =

B° — D*~ D} Np, x fp:/k

B® — D*~Dr* Np, x 1/k

B® — D*~ D%(2317)* No, x foss [k
BY — D*~ D4 (2460)" Np, x fp: [k
BO* — D*DF X Np, x fp:x/k
BY — D*Df X Np, x fipsx)./k
B — D* 31X Np_, p3nx
B1B2 combinatorics Ngi1g2
Combinatoric D*~ NhotD+
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R(D*) with 77 — 37ri(7\'0)5.,-

R(D*) hadronic: fit results

Parameter Fit result Constraint
Naig 1296 + 86

frs3my 0.78 0.78 (fixed)
fowxry 0.11 0.11 (fixed)
NB’O 445 + 22 445 4 22
" 0.41+0.22

Np, 6835 + 166

fo+ 0.245 +0.020

Ng_sp*37x 424 + 21 443 + 22
for 0.494 +0.028  0.467 +0.032
e 05500 0+5:600
D, 0.384 +0.044  0.444 +0.064
forx 0.836 =0.077  0.647 +0.107
f(DJX)s 0.159 +0.034  0.138 +0.040
N3132 197 197 (flxed)
NrotD* 243 243 (fixed)

LFU tests with semitauonic B decays at LHCb

PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

CKM Workshop 2018, Heidelberg

37/22


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013

R(D*) with 7+ — 37n% (%),  PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic: more detailed systematics

Contribution Value in %
B(rT = 370.)/B(rT = 37(x0)v,) 0.7
Form factors (template shapes) 0.7
Form factors (efficiency) 1.0
T polarisation effects 0.4
Other T decays 1.0
B — D**rtu, 2.3
Bg — D:*T+VT feed-down 1.5
D;’ — 37X decay model 2.5
D;r, D% and Dt template shape 29
B — D*~D}(X) and B — D*~ D°(X) decay model 2.6
D*~ 37X from B decays 2.8
Combinatorial background (shape + normalisation) 0.7
Bias due to empty bins in templates 1.3
Size of simulation samples 4.1
Trigger acceptance 1.2
Trigger efficiency 1.0
Online selection 2.0
Offline selection 2.0
Charged-isolation algorithm 1.0
Particle identification 1.3
Normalisation channel 1.0
Signal efficiencies (size of simulation samples) 1.7
Normalisation channel efficiency (size of simulation samples) 1.6
Normalisation channel efficiency (modeling of BY D*37) 2.0
Total uncertainty 9.1
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R(D*) with 7+ — 37n% (%),  PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic: feed-down systematics

B® — D**tv and Bt — D**7v constitute potential feed-down to the signal
e D**(2420)° is reconstructed using its decay to D**n* as a cross-check
The observation of the D**(2420)° peak allows to compute the D**37 BDT distribution
and to deduce a D**Tv upper limit with the following assumption:
o D**O7y = D**(2420)°1v (no sign of D**(2460)°)
o D**try = D07y
This upper limit is consistent with the theoretical prediction
Subtraction in the signal of 0.11 4+ 0.04 due to D**7v events leading to an error of 2.3%

Events / (20 MeV/c?)
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20F

g

80f
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R(D*) with 7+ — 37n% (%),  PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic: prospects for systematics

Source ‘f((g:)) [%] | Future

Simulated sample size 4.7 Produce more MC (fast simulation)
Empty bins in templates 1.3

Signal decay model 1.8

D**1vr and Df*Tu, feed-down 2.7 Measure R(D**(2420)°)
D — 3nEX decay model 2.5 BESIII measurement
B— D*D:X, D*DtX, D*D°X backgrounds 3.9 Improves with stats
Combinatorial background 0.7

B— D*~ 37X background 2.8 Stronger rejection
Efficiency ratio 3.9 Improves with stats
Normalisation channel efficiency 2.0

(modelling of B®— D*~37+)

Total systematic uncertainty | 9.1 |
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R(D*) with 7+ — 37n% (%),  PRL 120, 171802 (2018)and PRD 97, 072013 (2018)

R(D*) hadronic: prospects for systematics

Shape of B — D*DX background (2.9%): scale with statistics
DF — 37X decay model (2.5%): BESIII future measurement.

Branching fraction of B® — D*3m: can be precisely measured by Belle 1.

e B — D* 37X background: strong cut on o, between the 7 and the DO vertices.
With more data, measure R(D**(2420)°) and constrain D** feed-down

Efficiency ratio: will improve with more data.

Adam Morris (CPPM) LFU tests with semitauonic B decays at LHCb CKM Workshop 2018, Heidelberg 41/22


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013

R(D*) with 7+ — p_*uuD.,-

R(D*) with 77— utv,v,
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R(D*) with 7+ — ptuv, U, PRL 115, 112001 (2015)

R(D*) muonic: kinematics

« _ B(B°=D*~rtu,)
R(D*) = Bev=tmuiy)

with 77 — ptv, o,

70 ot e
B> D" uv,
“normalization”

Precise SM prediction: R(D*) = 0.258 £ 0.005 [HFLAV]
Normalisation mode with the same visible final state
® B(tT — ptyupr) = (17.39 £ 0.04)%

® Separate T and p via a 3D binned template fit to:
° q22E |Pgo — PD*|2, ,
me = |PBo — Ppx — P‘L+| ,
® E*. = muon energy in BO rest frame.
w

@ = (pr +p)?
= m3,.

® Background and signal shapes extracted from control samples and

simulation validated against data
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R(D*) with 7+ — ptuv, U, PRL 115, 112001 (2015)

R(D*) muonic: kinematics

Problem of missing neutrino: no analytical solution for pg.
Approximate B momemtum with pg = m—’:’)ﬁpg*# and exploit the measured B flight trajectory.

This leads to ~18% resolution on g, m2._ . and E},, enough to preserve the discrimining

miss
features of the original variables.

CKM Workshop 2018, Heidelberg ~ 44/22
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R(D*) with 7+ — ptuv, U, PRL 115, 112001 (2015)

R(D*) muonic: kinematics
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7 mode (red) and p mode (blue) using truth (top) and
reconstructed (bottom) quantities.
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R(D*) with 7+ — ptuv, U, PRL 115, 112001 (2015)

R(D*) muonic: control samples
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R(D*) with 7+ — ptuv, U, PRL 115, 112001 (2015)

R(D*) muonic: control samples
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R(D*) with 7+ — ptuv, U, PRL 115, 112001 (2015)

R(D*) muonic: control samples
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R(D*) with 7+ — ptuv, U, PRL 115, 112001 (2015)

R(D*) muonic: fit projections
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R(J/4) with 77 — p_*uuD.,-

R(J/) with 77— pty,w;
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R(J/) with 7% — ptu, D, PRL 120, 121801 (2018)

R(J/4) muonic

Generalisation of R(D*) to B}

B(Bf — JpTtv,)
B(BE — Jpptiy)

R(J) =

Prediction: R(J/’LIJ) € [0.25, 0.28] [PLB452 (1999) 120, arXiv:0211021, PRD73 (2006) 054024, PRD74 (2006) 074008]

B} decay form factors not yet precise

Like in R(D*), use m2..., E* and ¢°. Add information from B decay time

Imperfect reconstruction due to missing neutrinos. The broad shapes of the distributions
are smeared but their discriminating power is preserved
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801

R(J/) with 7% — ptu, D, PRL 120, 121801 (2018)

R(J/4) muonic: Z variable

Trick to make a 3D fit with 4 variables: the Z variable merges information from g° and E,
¢? (GeV?)

10,12 p========= = ————— T=————— e e e e e e e - - 1
[z=4] :|Z_5|I|Z:6|: F=T :
Tl — - Se— i o o e o i = e i
1 1 1 1
1 1 1 ]
1 1 1 1
[z=0] E|Z:1|E|z:2|i 7 —3 E
; ; i i
1 1 1 1
L : L : > E, (GeV)
0.68 1.15 1.64 3.18
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R(J/P) with 77 — ptv, v,

R(J/4) muonic: fit projections in bins of Z

PRL 120, 121801 (2018)
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R(J/4) muonic: fit pro

jections in

) with 77 — ],L+U,_l;-,—

bins of Z
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R(J/) with 7% — ptu, D, PRL 120, 121801 (2018)

R(J/4) muonic: feed-down

" Virtually all the feed down comes from

Mass (MeV) hadronic (2S) and radiative xc(1P) decays
4700 X(4660)
" 1gnoring contributions of DD threshold (e.g.
e w(4415) Y(3770), X(3872), etc.) and assigning
Thresholds: _X(4360) appropriate systematic uncertainties
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Angular observables D. Betirevi¢, S. Fajfer, |. NisandZi¢, A. Tayduganov, arXiv:1602.03030

Full angular distribution in B — D*(— Dm){v,

The full angular distribution is given by

2
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dq?d cos 0yd cosOpdx 256(27r)4m3éq q2 o~ (%) ( ™)

2
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Angular observables D. Betirevi¢, S. Fajfer, |. NisandZi¢, A. Tayduganov, arXiv:1602.03030

B — D*(— D)L, observables sensitive to NP

What can be extracted from the proposed observables:
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Angular observables D. Betirevi¢, S. Fajfer, |. NisandZi¢, A. Tayduganov, arXiv:1602.03030

Best discriminating variable to NP

o] o e

GF AL, X =
Heff = —V, 1+ CYub

ok [( &v ) 42 y _
+(=1+ ga )Jcvuysb AD . P

+-16#(Eb) A}E\)* x x

+-iau(E’75b) Rt X X

+ 8710, (Tiow, b) | (Ev* (1 — v5)ve) As ok ok

“ e Cy * X

X: 'not sensitive

Sx *kk | kkk

Ag *k *k

“ H o Ag * *

* % x: “maximally sensitive

AlO *k *k

A11 X X

Adam Morris (CPPM) LFU tests with semitauonic B decays at LHCb M Workshop 2018, Heidelberg 60/22


https://arxiv.org/abs/1602.03030

	R(D *) with  +  3 ( 0)  
	R(D *) with  +  + 
	R(J-3mu/-2mu 2mu) with  +  + 
	Summary and conclusions
	Backup slides
	R(D *) with  +  3 ( 0)  
	R(D *) with  +  + 
	R(J-3mu/-2mu 2mu) with  +  + 
	Angular observables

