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Outline

* L HCb Detector

* Semitauonic decays of b hadrons:
e B 5 D*tr— i with 7~ — 1o vy,
* Prospects for other final states

» BO oscillation frequency
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The LHCb Detector

e Single arm spectrometer at
LHC in the pseudorapidity
range 2<n<95;
e Optimized to study hadron
LS = . Me M decays containing b and ¢
RICH2 M) M = i quarks:
"% CP violation, rare decays,
\;h\e@vy flavor production;

] 1 1e
-t
— =S-SRS = = ——
i\ ] ‘
| |
3 : ’
' )
L)
¥
' 1

Magnet

7 Rl( HI

ellent vertex resolution
ﬁ&i\epara‘uon of B vertices:
N Géo momentum and mass

e
\E\ nt PID capabilities

| \(good separation K-t and
; Tmm=m *.muon identification);

e Run 1: collected 1.0fb-1 @ +s =7 TeVin 2011 and 2.0 fb-' @ /s = 8 TeV in 2012
* Run 2: collected about 320 pb' @ +/s = 13 TeV in 2015
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B hadron semileptonic decays in tau lepton final states

_ Lepton 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 BY — D*+tr—p_

T

VV—/H_/‘/:/V'r B(BO — D*+7'_PT)

TS5 b— »’l; ——»— C * R(D™) = = _
B! a e o100 ) T BB S 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 DO)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 T decays
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proper time
resolution
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[PhysRevl ett.115.111803]
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http://arxiv.org/abs/1506.08614

— O — o . . —
BY - D**r~p. with 7= — u VU,
[PhysRevLett.115.111803]

e Binned Likelihood fit using 3D templates (M2miss, 92, Ey)
 Templates for signal and normalization are extracted from Monte Carlo
simulation
 Templates for backgrounds are validated using control samples in data
 Form Factors (from HQET) included as external constraints.

—— Data

DT0000F LT e S o
L 1 & 30000 L
3 1 20 3 B B - Dy
™ 4 I \ * I
< 1 8 20000 “ BB~ D*!c'lc(% VX)X
) = o ~
Q < — ) -
: 30000 1 E s g B B D"
: | ° : B B - D'y
5 © Combinatorial
10000 3 o -
- e — ~ Misidentified
2 0 2 4 6 8 _10 077500 1000 1500 2000 250 % 2 4 6 8 10 12
m2, . (GeV/c*) E,* (MeV) q? (GeV’/e*)

R(D*) = BB =2D"7 2:) — (9336 4+ 0.027(stat) & 0.030(syst)

 B(BY—=D*tu—u,)

e Systematics uncertainties dominated by:
 Monte Carlo statistics;
« misID muon backgrouna
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http://arxiv.org/abs/1506.08614

B hadron semileptonic decays in tau leptons final states

Experiment R E R D

BABAR 2012  0.332 &+ 0.024 £+ 0.018 0.440 4= 0.058 = 0.042
Belle 2015 0.293 4= 0.038 4= 0.015 0.375 £ 0.064 + 0.026
LHCb 2015 0.336 £ 0.027 = 0.030 —

Average 0.322 4+ 0.018 £+ 0.012 0.391 £ 0.041 £+ 0.028

SM 0.252 + 0.003 0.297 £+ 0.017
o OSF———71T 71— 71—
a [ —— BaBar, PRL109.101802(2012) AY>’=10 -
EZ 045F = Belle, PhysRevD.92.072014 —

C LHCb PhysRevLett.115.111803 N

N m— Average 3

04 -
035~ =
03= =

025 ¥ — RS —
/_ SM prediction P(y2) = 55% 2
T R R L ]

SM precision = 1.19% 0.2 ' '
0.2 0.3 04 0.5 0.6

R(D)
Combination is 3.90 away from the SM value
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Prospects for other final states
B - B with 7T — & @ &
Good precision in T decay vertex

e LHCDb can potentially measure
reconstruction l

semitauonic decays of all b hadrons

e.g.:
discriminate between signal and the most e B, — J/if
abundant background source due to hadronic ¢ (e
B decays i * B, — D.Tv

e Ay = A7y
D*~ vertex
~ BY vertex i BO — D—I_TV
—--"r - e Targeting both muonic and hadronic t
B
Primary modes
Vertex

e R(D) (simultaneous measurement with

Background coming from B—D"3nX can be R(D*)) on D™+ and DO v final states
suppressed by a factor 104

Remaining background is due to:
B — D*(D¢) — 3m)X
suppressed using isolation tools

B. Siddi Lake Louise Winter Institute 2016
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[LHCB-CONF-2015-003]

Amg with B° %_D<*)_,u+uu

al

-t : -t : -t - ------ -t
| U, Gt w
| |
| |

BY w ! W BO BY u,c,t A Yuct BY

| |
| |
I u, c,t I W-—

> . > . > — - - - >

d b d b

Amg —22tedt0 . ~M matrix elements Vi, and V'ia

saqo.

ve
CP violation
0 * ) —
B° — D™ ,u+yu

: : : LHCDb high efficient LHCDb flavor tagging
High branching fraction lepton identification capabilities

High statistics samples
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https://cds.cern.ch/record/2038142?ln=en

: _ [LHCB-CONF-2015-003
Amg withB° — D™ a7y ' *

» Time dependent flavor asymmetry A(¢) = N;f;::lg()ﬂf;:ff) = cos(Amgt)

NUnmix(y — N(BY — D=ty X)(t) oc e Fal[1 + cos(Am,t)] B the same at production and at decay
time
ix > * — - — opposite B? at production and
NMix() = N(BY — BY — D™=, X)(t) oc e Tat[1 — cos(Amdt)]afgecay s’

e Flavour tagging: the events are grouped into 4 categories of increasing mistag in order to
iIncrease the statistical precision.

o 0 o :
D —>K7T7T D*~ — D" (— K 7 ")n~ 2D fit in mg, and dm = mp« — mpo
— >—<10l3 . — . 5IOI3 IIIIIIIIIIIIIII ’\22 XIO? . . . ; . . . . ; . . . —
R LHCb preli a1 I o 3
§> 60— pre 1m1nary — Data H § 1 : LHCb preliminary ] § 20 LHCb preliminary 3
v L _ ) ] 0 =
= —’;‘?gilalﬁéomponent— é) 12 __ ~data -] = 18 :data =
a = [ —Totalfit ] e, Total fit 3
N — Combinatorial - :/1 ol —D" component = =16 —D" component =
240 component £°F  —Combinatorial N 1 —combinatorial 3
5 5] component P component =
a | @ 8 ---D” component =12 ---D” component 3
- > E
C m =
oF 10 :
20— — C 8 =
4F 6 E
- C 4 —
I 2 c W T 2 _E
0 | = A A LT e N, 0
SiET e e e = =9
& oaf 1 1 i £ =
0 t{H o Im}l{u}}i i 111”11 ht{{HI} ftt IH # HII}I}}{HH}- g_ﬂlnh I {H{I}{II 1Illhullﬂﬂn HE ity Ihr
iE ” *H R E B R R U R TR IR
1500 = 00 1950 HE— 1{8|40 B T T —T T 140 145 150 155
my . [MeV/c?] my . [MeV/c?] dm [MeV/c?]

yields (2011 data) for D~ (5.73 £ 0.02) x 10° for D*(2.447 +0.007) x 10°
yields (2012 data) for D~ (1.598 & 0.003) x 10° for D*(5.758 4= 0.010) x 10°
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. _ [LHCB-CONF-2015-003]
Amg withB° — DY~ Ty,

 Dominant background is due toB* — D~ u*v, X and B* — D*~u*v, X decays,
reduced with a Boosted Decision Tree that exploits topological differences between
signal and background; combinatorial background is studied from D() mass sidebands

e Combination of the two signal channels results using the full dataset gives:
Amg = (503.642.0(stat)4=1.3(syst))ns~! most precise measurement of Amy

e World average [HFAG]
e Amy = (510 £ 3)ns~! (without this measurement)
)

Amg = (505.5 &£ 2.0)ns~! (with this measurement

I I I I I I ! I I I I I I I I
: ALEPH (3 analyses)

—— E 446 = 6= 19

C DELPHI (5 analyses)

T 519+ 18« 11

.............. ] ) ' L3 (3 analyses)

> o . i - A + 28+
b 0.6 LHCD preliminary + ] : glgA_Lz%S_ azﬁalyseS)
g 04f = + E . ; 479 + 18+ 15
3 = ] 0 CDF1 (4 analyses
i 0.2F . . o 5 PTEP L
2 OF = ] i DO (1 analysis)
s ] i 506 20+ 16
-02 - E ! BABAR (4 analyses)
—04F = o 506 + 6= 4
“TE ] : BELLE (3 analyses)
_06E E - 509+4+5
u LHCb (3 analyses)
. Ho—v 51453

: This measurement
sl 50362013

: Average (w/o this meas.)
&~ 510+ 3

I 1 1 1 1 I i 1 1 1 I 1
450 500 550

-1
Amd [ns ]
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http://www.slac.stanford.edu/xorg/hfag/osc/fall_2014/#DMD
https://cds.cern.ch/record/2038142?ln=en

Conclusions

» LHCb provides many interesting results in the semileptonic b
decays
» LHCDb performed the measurement of R(D") in muonic tau
decays:
» Combination of R(D") and R(D) from Belle, BaBar and LHCb
provide a 3.90 deviation from the standard model values;
» A measurement in hadronic tau decay mode is ongoing:
» advantages with respect to muonic channel thanks to 3
charged particles in final state;
» Most precise Amyq measurement
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 The fit results in a uncorrelated ratio yield of the two decays
N(B° —» D*"77u,.)/N(B® = D*tu~1,) = (4.54 £ 0.46) x 102

=
an)
aQ
=

2040 < q* <2.85 GeV/c*

—— Data

I B — D*tv

I B — D*H,(— X)X

I B — D**lv

Il B — D'uv
Combinatorial
Misidentified n

20000

Muonic R(D*)
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S
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: _ [LHCB-CONF-2015-003]
Amg withB° — D™ a7y

* Measured decay time requires a correction due to the missing neutrino in the final
state as a function of the DOy invariant mass, determined from the simulation

k(mpe,) = ng@m/ptme
LM 0

» Apply correction on data  teorr = e I;DG X k(mD(*m)
D\*)

simulated B® — D*~puty, X

resolution function F(k), dominant above 1.5 ps 5

— 12 LA L AL R IR B 35 ~~

@ . . B

. . . S 1.1 LHCb preliminar I 2

» k-factor depends on the decay kinematics, itis & : { ml_ o B
parametrized by a fourth order polynomial ~ 0ok e 5 =
depending on the visible mass of the B 0.8 20 <
candidate. 0788 15 S

* This is an average correction that addition 0688 10 S
0.5 £

>

84

IO

~3500 4000 4500 5000
B, mass [MeV/c?]
NWUmmiz(4) oc eVt (1 4+ giine (1 — 2w)cos(Amgt)) @ R(t) @ F (k)

decay length resolution model
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https://cds.cern.ch/record/2038142?ln=en

Most discriminating variables for the isolation BDT in Amg

measurement

)
‘= E Signal
=. : Background
= K
=N
el
=1
Sl

. — — — . ——— .-. PP ‘_ —_— .-,- —— =R l

iso(all) iso(B)

2
5
g
£
=
=

3 B S— ~6000 8000 10000 - 5 10
iso(sum) m,,,, [MeV/c?] IP(, D) [mm]
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Asymmetry

0
decay time [ps]

2012 data
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LHCB- F-2015-003

Amg withB° — DY~ Ty,

- Dominant background is due to Bt — D~ p*v, X and BY — D* ptv,X decays,
reduced with a Boosted Decision Tree that exploits topological differences between
signal and background; combinatorial background is studied from D) mass
sidebands

* Retained 90% of signal and reduced B+ background by 70%, the remaining B+
background fraction is determined from the fit to the BDT distribution.

10

| LHCb preliminary
i (a)

Events x 10% 0.05

* Fits to the output of the B+ veto BDT
for Bt — D*~ pu*v, Xfor each
tagging category.

Filled red histogram, dashed green

line and blue line correspond to

background, signal and total
templates respectively

05
BDT output
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https://cds.cern.ch/record/2038142?ln=en

e Several sources of systematic uncertainties such as k-factor, B+ and other
background fractions, time acceptance, etc, studied with parametrized simulation.

Table 2: Sources of systematic uncertainties on Amy, separated into those that are correlatec
and uncorrelated between the two decay channels B’ — D~ u*v, X and B’ — D* pty, X.

Source of uncertainty | B’— D~ uty, X [ns | B'— D* utv,X [ns™!]
Uncorrelated Correlated | Uncorrelated Correlated
BT background: 0.4 0.1 0.8 —~
Other backgrounds: — 0.5 - -
k-factor distribution: 0.4 0.5 0.3 0.6
Other fit-related: 0.6 0.9 0.2 0.9
Total 0.9 1.1 0.9 1.1
B. Siddi Lake Louise Winter Institute 2016 LH
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Updated Amg world average after LHCb measurement

B. Siddi

ALEPH

(3 analyses)
DELPHI "
(5 analyses)
L3

(3 analyses)

OPAL
(5 analyses)

. Do
(1 analysis)
BABAR~
(4 analyses)
BELLE "

(3 analyses)
LHCb

(4 analyses)

Average of above
after adjustments

CLEO+ARGUS
(X4 Ieasurements)

World aver
Summer 2015

"HFAG average
without ad justments

]

4

| |

0.4

045

Am, (ps™)

0.5 055

0446 £.026 +0.019 ps™
0.519 0,018 +0.011 ps™
0444 0,028 +0.028 ps*
0479 +0.018 +0.015 ps ™
0495 40,033 +0.027 ps™
0.506 +0.020 +0.016 ps™
0.506 +0.006 +0.004 ps™
0.509 +0.004 +0.005 ps™

0.5051 +0.0018 +0.0013 ps™*

0.5055 +0.0020 ps™

0498 #.032 ps*

0.5055 +0.0020 ps™
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B hadron semileptonic decays in tau leptons final states

B(B° — D*"r ;) B(B° — DTt~ 1,)

R(D") = ——= R(D) = ——=
(07 B(BY — D*tu~uv7) (D) B(B° — D+u—u,)
Expected Standard Model values are:

R(D™) = 0.252 + 0.003 R(D) = 0.297 £+ 0.017
Belle 2007 T Experimental results at the
BABAR 2008 —— H—e—+ beginning at 2015 are in
Belle 2009 - . ; + B tension with the Standard
Belle 2010 | w ot L. Model prevision [Fajlfer et al.,

2012], in particular, in 2012

BABAR 2012 |/ Ee .t BaBar experiment found a

02 04 06 08 03 04 *0.5 0.6 discrepancy of 2.7 from the
R(D) R(D") SM for R(D")

[Lees et al., 2012]
[Bozek et al., 2010]
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