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L epton universality, described in the Standard Model, predicts equal coupling between
gauge bosons and the three lepton families.

SM extensions bring in additional interactions, implying in some cases a stronger coupling
with the third generation of leptons.

Semileptonic decays of b hadrons provide a sensitive probe to such New Physics effects.

Presence of additional charged Higgs bosons, required by such SM extensions, can have
significant effect on the semi-tauonic decay rate for example in B — D**r=p,

T

W/ H =7,

> b— D’/;DDC sk
B{q 4%4 §§’< 34 q}D()

B(B° — D*"r ;) R(D) = B(B° — Dt~ 1,)
B(B° — D*+p—i,) B(B° — Dt p—v,)

R(D™) =
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B hadron semileptonic decays in tau leptons final states

 These decays are successfully studied in B factories with high purity and high
statistics DU)tv samples

- Despite the hadronic environment LHCDb is also able to study such kind of decays
and extend to other b hadrons thanks to the high boost of the b hadrons and
excellent vertexing

Analysis Challenges

- Finding kinematic variables that distinguish signal from background
- Suppressing background with additional charged/neutral particles

- Normalization channel

- These challenges have different levels of importance and difficulty, and
different solutions between analyses

- Especially between analyses of muonic and hadronic Tt decays
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B hadron semileptonic decays in tau leptons final states

~ 0SpF—————7 77—
p [ ——— BaBar, PRL109,101802(2012) .
Q - ——— Belle, PRD92,072014(2015) A’ = 1.0 contours .
- 045 LHCb, PRL115,111803(2015) === SM Predictions —Je Previous measurements Of the
[ ——— Belle, PRD94,072007(2016) R(D)=0.300(8) HPQCD (2015) ]
[~ = Belle, arXiv:1612.00529 - 7] : : *
04 T Averase Koosass s e oo o combination of R(D) and R(D')
: 1 performed by Belle, BaBar and
0.35F — , , :
i 4 LHCb are in tensions with the
03 4  Standard Model expectation
025: 1  (~40 standard deviations)
| - k orion -
N \ MP(XZC; =674 .
0. LN ey
%).2 0.3 04 0.5 0.6
R(D)

SM precision = 1.19%
« [he 1 has been reconstructed in the muonic mode T—pwvv

e The normalization channel B9—= D tv share the same visible final state
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Tau leptons with hadronic final state

- Semileptonic decay without charged leptons in the final state

- In our analysis the t is reconstructed in the hadronic t—nwrv decay mode

- The normalization channel used is B°— D et decay

( )

B(BY — D*rv B(B — D*3r
Rpaa(D™) = ( 5 ) » R(D*) = Rpaq X ( )
{)’(B — D*7T7T7T)J s+ B(B — D*uv)
Same final state
l We will take the last two as
external input
Most of the
systematics
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Vertex Inversion method

. The most abundant background source due to
- hadronic B decays into D"3xnX.

B(B® — D*3r + N)

D™ vertex
~ B9 vertex

~ 100

—
—
— -

Prin.q;ry B(BO — D*TV)SM
Vertex
Good precision in T decay vertex reconstruction
Inversion cut — t vertex is downstream with
" / respect to the BO vertex with a significance of at
_ least at 40.
D*~ vertex D
~ B? vertex
_____ A l
o~ BO
Primary
Vertex Background coming from B—»D3nX is
) suppressed by 3 orders of magnitude
B. Siddi Mini-workshop on D(*) tau nu and related topics C

INFN Ferrara Measurement of R(D*) with hadronic tau decays



Double charm background

- The remaining background consists of B° decays where the 37w vertex is transported
away from the DO vertex by a charm carrier (D°, D+, Ds)

0 x (%) . ~(*)
BR(B*— D D(S) ,D(S) — 37+ X) 10
BR(BO—>D*TV)5M

- LHCDb has three very good tools to limit this background:

- 31 dynamics

- Isolation criteria against charged tracks and neutral energy
deposits

- Partial reconstruction in the signal and background hypotheses

- A Boosted Decision Tree is trained using variables computed with

partial reconstruction and isolation criteria to discriminate double
charm decays from signal
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Double charm background

- The Dsdecay model has been determined directly from data, using a enriched sample obtained using a
BDT output region that is enriched in such decays (high purity)

- The min M(2x), max M(2x), M(z+z+) and M(3x) mass are fitted simultaneously

N

()

)
|

PDF contains:
Ds decays where at least 1 pion is from n or n’: nx, np,
Nz Np
Ds decays where at least 1 pion is from an IS other n,
n': 1Sz, ISp (IS could be w, )
Ds decays where none of the 3 pions comes from an IS,
subdivided in: KO3z, N3z, n'3x, w3z, 37, 37 non
resonant final state.

LHCb preliminary
—&— data

- D — n'm, M'p

100 p= - Non-D_ background -

Candidates/(40 MeV/c?)
T

-

500 1000 1500

min(m_. ) [MeV/c?]

B. Siddi Mini-workshop on D(*) tau nu and related topics Ch

INFN Ferrara Measurement of R(D*) with hadronic tau decays



Normalization channel

- The normalization channel has to be as similar as possible to the signal channel
to cancel all systematics linked to trigger, particle 1D, selection cuts

- What we are going to

measure is: 5

L 4500F- o =

> . LHCb Preliminary 1 =

0 * = 3 =

B(B — D TV) —~ 350();_ _;

B(BY — D*nrm) = E E

» They differ by: softer pions and D" 5 3 3
due to the presence of two S 1500E- E
neutrinos, kinematics of the 3=« 3 E
system is not exactly the same: 500f- ‘ _

+ This gives a small residual 4500 5000 | 5500 2
effect on the efficiency ratio. m(D*3m) [MeV/c’]
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Control channels Ds, D° and D+

~ 1000 oy T
y i o N U - =
S : LHCD Preliminary 1 % FE LHCb Preliminary E
= 300 1 2 1of E
o - i Z - -
g 600 - 1 = 100F =
ho) - ] "5 - -
5 i § 3 3 E
o 5 - E
S 400 1 < _E :
@) : : 60 E
200 - - - ;

: S -

| 1 1 1 | | i : 1 1 1 1 1 =

1 ] 1 [l 1 1L 1 [l 1 I I 1 1 I 1
500 10Q0 1500 2000 1600 1800 2000
m(K3m) [MeV/c?]

m(3m) [MeV/c?]

~ 250F L A =

. 3m invariant mass, at early stage § [ LHCb Preliminary :

of the data selection c F E

- DO—=KB3n peak: anti-isolation cut S ]

5 100 - —

« D*—=Knzn peak: anti-PID CuUt =—— E

- “Standard candles” used to check Data e Ts00 m('Kggag)ogMe'w o
and MC agreement
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Signal extraction

Signal Reconstruction:

- Assume 2 neutrinos in the event; can be used to access the full kinematics and can
reject background where no neutrinos are emitted from B vertex

Reconstruction of the T and B® momentum and 1 decay time constraining their
masses

Reconstruction of the W™ mass and a cut My- > 0 is applied

A reconstruction efficiency of about 95% is reached
This method consists of solving the the following equation:

(13, + m2)|Bae|cosh = Egny/(mZ — m3 )2 — 4mZ[pise|*sin’0
2(E3, — [fise [Pc0s20)

where 6 is the angle between 7 and 37 direction

‘ﬁ¢| —

(0 has been chosen such that the square root vanishes)

LY
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.......
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.
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Fit Model

An extended maximum likelihood 3-dimensional fit using templates in:
g? (the squared momentum transferred to the tau-nu system),
3w decay time,

The output of the BDT extracted from simulated and Data-Driven control
samples

- The Fit Model consists of 5 categories:

Signal described by the sum of t—»xantv and T— ARV
BO—D"tv

Double Charm components
BO—D3nX

Combinatorial background
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Main systematics

- MC statistics: difficult to produce very large samples (same issue for muonic analysis)

- External BR 4.3%, reduced (before 11%) thanks to last BaBar measurement

(Phys. Rev. D 94, 091101 (2016))

. B—D" (Ds, D9, D+)X and B%—=D"3nX backgrounds

The total is above the statistical precision

Improvements with more data, more MC.

Uncertainties due to the knowledge of external BRs can be reduced
with the help of other experiments
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https://arxiv.org/abs/1609.06802

7 polarization study
Belle:(arXiv:1612.00529)

from Karol ADAMCZYK talk at CKM 2016

D* and T polarizations in semitauonic B decays are sensitive probes of various NP

scenarios
cos 0, (T) can be measured if thereisa single vintdecay Tt — hv,,h=m, p, af

dr 1 S
. . — (1 + aP-cos Qh (T ' P — 2 ' cosbp01 >0 cosbpe <0
Spin analysers: ;<o —5 = 3 rcos(Onet (1)) With & Toost =0 Teoss <0

B S I I I 18000 T T T I = :Iwwl

- 7 16000F— — 5000 -

10000 1 14000 T = Py ; ]

- i - 1 4000 —

6000/~ 1 F E: T — a1V .

. ] - 1 3000 -

80001 | 8000 =

4000|— 1 s000[- 1 2000 .

B 1 4a000] = - ]

2000(— 1 000k 10001~ .

3.—5""-1"'0089]26[(7') 1 75 3?5""-1"'(3089]26[(7-)'"1""1_.5 -q.zs'”'-f'lcosehel(fr) 1"”1:.5

2 2
m- —2mV

2 2
m<. +2mv

a=1forr — v o = a = 0.45for — pv

In the case of hadronic R(D")
Pros: The systematics due to the knowledge of 1 polarization is small (a = 0.02)

- Cons: Difficult to perform polarization studies
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https://arxiv.org/abs/1612.00529

Conclusions

B Semitauonic B decays are great tool to discover new
physics

B»Several measurements of R are ongoing, e.g. R(D"),
R(D), R(J/W), R(Ac) and more modes are possible to

BaBar had. tag
0.33+0.02 +£0.02

Belle had. tag

0.29+£0.04 £0.01

do a
LHCb § q
0.34 +0.03 +0.03 = S ; *
\\,\f\) e
B Thanks to the LHCb capability, it is possible to Belle sl.tag i §
0.30 £0.03 £ 0.01 -
reconstruct hadronic tau decays with good precision. Belle (hadronic tau)
[ Statistical precision in Signal extraction for hadronic | 070 £003> 0027 ’ §
A i
R(D") about 7% for Run1 data = competitive with the 0_;?3?3015 0008 ——
muonic LHCb measurement (PRL 115, 111803) and S Fajfer et al. (2012)
. _ 0.252 +0.003 B
with the world average (arXiv:1612.07233) |
% PotentiaIELHCb statisticzfal precision for Run 1
. . ing central value:f Id
21t will be possible to study not only R but also angles, | (ssuming central viREIEN" viorid average)
0.2 0.3 04
larizations, form factors, and other physical
polarizations, form factors, and other physica R(D*)
quantities
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Backup
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The LHCb Detector

e Single arm spectrometer at
LHC in the pseudorapidity

range 2<n<9d;

e Optimized to study hadron
decays containing b and ¢
quarks:

e (P violation, rare decays,
heavy flavor production:;

 Excellent vertex resolution

and separation of B vertices;

e Good momentum and mass
resolution;

e Excellent PID capabilities

(good separation K-t and
muon identification);

« Run 1: collected about 1 fb? @ /s =7 TeV in 2011 and about 2 fb-' @ +/s = 8 TeV in 2012
e Run 2: collected about 2.0 fb-1 @ /s = 13 TeV
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