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Outline

e The LHCb detector and its current and

foreseen datasets
* Recent results on
— BP oscillation frequency Am,
— Semileptonic asymmetries a ./, a /

— CKM matrix element |V ;|
— semi-tauonic B—D*tv decays
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Designed to study b and ¢ decays
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All b-hadrons produced
BY, B*, B, B, A,, ...

Large production of beauty quarks:

o(pp — bbX) = (284 £20 £49)ub @ /s =7TeV

Phys. Lett. B 694 (2010) 209 (obtained from semileptonic decays).
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Excellent performance
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 3/fbcollected inrun 1 at 7-8 TeV.

* Expect to collect another 5/fb in run 2. Collected 0.3/fb in 2015. LHC says
2016 is going to be a “luminosity year”

— Note that at 13 TeV bb cross-section roughly doubles.
— i.e. 4 times larger data sample than current.
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Large and clean samples

T T I : RS C LHCb ' * Data
> 300 D ut —— Total
B ] é) - H — - Signal
104 = LHCb = - e B* bkg.
E 3 o 200
s 3 S C Comb. bkg.
) ] 2 100F-
100 F ) C
E (a) 0 an

11 lIllllI

X

—

S

(95}
111l11111111!11111111111111111/

107 a0l
1800 1850 1900 1950 2000 20
[LHCb: PLB 728 (2014) 607-615] (sesses 1850

1900
MDD, D°) [MeV/c?]

[LHCb: PRL 114, 041601 (2015)]

Millions of B candidates available.
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Excellent vertex separation

Example: Bs - Ds K 800

Double Gaussian fit | G = 33x11s
6,= 6713 1s (31%)

o(t) ~40 fs

200

d 440 um

| —900 =200 -100 0 100 200 300
- ] rec” brue f:
Decay time resolution =40 fs frec™ tiye [15]

* Note:t=d*m;/p;
* pg unknown in semileptonic decays, due to missing neutrino!
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But... “dirty” hadronic enviroment

Many other particles produced in the pp collision.
— No possibility to use beam energy constraints.
No kinematic constraints from other (tagging) B.

— Also b-hadron production fractions poorly known.




Neutral meson mixing
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Neutral meson mixing

Time evolution of A B _ (i ( |BO(t)) )
Schrddinger equation 15( [BO(t)) ) N ( 2 ) |BO(t))

“heavy” and “light” mass  |Bu.z) =p|B’) T q|B")
eigenstates:

With different masses and Am =myg —mg
decay widths AT'=T1 — Ty
Probability to find anti- AT
—I't
matter at time tin a “matter ©°© [COSh (70 — Co8 (Amt)]

beam”



Neutral meson mixing

* Mixing asymmetry
A(t) B Nunmia:(t) _ Nmzx(t) _ cos(Amdt) +g 1— COSQ(Amdt) }
- Nunmiz (t) + N™=(t) B cosh(AL'4t/2) 2\@05h2(Ath/2)

q
Alg ~ 0 ~=1—|[—)|
CP violation in mixing ~10**




Neutral meson mixing

* Mixing asymmetry

Aty = X = NG o Amat)




Neutral meson mixing

* Mixing asymmetry

A(t) = Nemmie (1) 5 N7 (1) cos(Amgt) x (1-2m)

* Flavour tagging P = €;q,(1 — 2w)? ~ 2.4%

PV T
same side

— opposite side )
;% ~~~~~~ ® Kt OSK
. OSu
OSe
t
Qutx )
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Neutral meson mixing

* Mixing asymmetry

A(t) = Nemmie (1) 5 N7 (1) cos(Amgt) x (1-2w) +

* Flavour tagging
* Rejection of B" — D™ty X+ background
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Neutral meson mixing

Mixing asymmetry

Nunmix 1) — Nmza: ¢
A(t) — Nunmzm Et; + Nmzm Et§ :[COS(Amdt) X (1-2(1)) +AB+] 4 R(t)

Flavour tagging
Rejection of B™ — D™~ uty, X" background
Decay time reconstruction

C. Bozzi - SL decays at LHCb 14



LHCb-PAPER-2015-031

Decay time reconstruction

* Using semileptonic B’ — D(*)_,LL_'_VMX decays

e The B momentum is inferred from the reconstructed on by means of a
statistical correction taken from simulation

M
LMo

@ Reconstructed
mass

k= preco/ptrue

Reconstructed
momentum

e The k-factor is also used to model
the decay time resolution

\
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Precision measurement of Amd
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Constraints on CKM UT
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¥ p 3
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Neutral meson mixing

Time evolution of A B _ (i ( |BO(t)) )
Schrddinger equation 15( [BO(t)) ) N ( 2 ) |BO(t))

“heavy” and “light” mass  |Bu.z) =p|B’) T q|B")
eigenstates:

With different masses and Am =myg —mg
decay widths AT'=T1 — Ty
Probability to find anti- AT
—I't
matter at time tin a “matter > °© [COSh (7’5) — o8 (Amt)]

beam”
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Neutral meson mixing

Time evolution of |BO( )) B M 'zfr_ |B0(t))
Schrédinger equation “a |B0 B " 2 |§0

“heavy” and “light” mass @ p|B°) F (1>
eigenstates:

with differl Are they CP eigenstates?
decay widt

_q q | Measures
&= L1 == CPviolationin mixing oS (Amt)]
Probability = B
matter at t P(B_>B) ?é P(B_>B)
beam”
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CP Violation in mixing

e CP-violating semi-
leptonic asymmetry

 SM prediction
A. Lenz, 2012, 1205.1444 [hep-ph]

* Experimental status
before LHCb

17/03/16

N(B—=B — [) — N(B—B — f)
(ly] = 0 = ——— r
. N(B—=B — )+ N(B—=B — f)
afl = (1.9+£0.3) x 107
al = (—4.1£0.6) x 107*
TINY!!
S "Stahdard Model

3F DO DOuvx -
B BaBar D*1v
C BaBar 1/
C | Belle # |
_4 1 1 1 1 1 1 L 1 1 1 1 1
-3 -2 -1 1

C. Bozzi - SL decays at LHCb
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How to measure?

N(B—B — f)— N(B—B — f)

el = N(B—B — f)+ N(B—B — f)

* Inclusive like-sign dilepton asymmetry

17/03/16

C. Bozzi - SL decays at LHCb

21



How to measure?

N(B—B — f)— N(B—B — f)
N(B—B — f)+ N(B—B — f)

Ag] —

 Untagged asymmetry (used by LHCb)

AmeaS(t) — F(f7 t) — F(f7 t) — a_g'l _ agl COS(Amqt)

CT(f,t) +T(f,t) 2 2 cosh(AT',t/2)

—> oscillating asymmetry as function of decay time
— no need to know the flavour of the B meson at production



Spurious asymmetries

e Production asymmetry (~1%)

4 0(B) = a(B)
"7 5(B) + o(B)
- D(f,t) —T(f,t) a al\ cos(Amgt)
Ameas(t) = L(f,t)+T(f,t) 21 a (AP i 21) cosh(AT 4t/2)
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Spurious asymmetries

* Production asymmetry (~1%)

Kaon detection asymmetry of ~ 102

o(B) — o(B) S " Deutortam
AP — — é 55| — K . J
o(B) + o(B) ° T —« v
50/ _/‘ D
e Detection asymmetries 45f—+] R S A
' . .
£(f) — £(f) el
Ap — 3 Capggrett ' 1
E(f) + €(f _ i \ | \ \ I :
Ws 1 15 2 2
Kaon Log (P/GeV)
I(f,t) —I'( ft)__ ad asl cos(Amyt)
Ameas(t) = L(f,t)+T(f,t) +KA J (AP i )cosh(AI‘dt/Q)
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Time-dependent a

 Time-dependent fit to disentangle * |Independent determination of the
the CP violating asymmetry from detection asymmetries with control
the BO production asymmetry samples
é simulation
—,;:
0.1 .
) I _Jl_/ = * (g
% + + ..
* '+++’-+-/4_/ ‘ | /2
L )
Ap — U(ZB)_(T{E’]}ZEI o .
o(B)+ o(B) 5 10 15
B _ _ t [ps]
L(f,t) —T(f,t) a% al\ cos(Amgt)
Amoas(t) — A — — S| +“AD)_ (AP + ll) 1
U(f,t)+T(f,1) 2\ 2 / cosh(ATl'4t/2)
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“ue: ) S
Simpler” for a,

 Time-integrated, untagged asymmetry

T(H-T(f) Sl sl [ e'<tcos(Amst)e(t)dt
Amens = O TT() O ' [ eTetcosh(AT,t/2)e(t)dt

~ 104

J/

' AM; =17 ps'-

Effect of A, is W
“’1‘
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“ue: ) S
Simpler” for a,

 Time-integrated, untagged asymmetry

0 10°
BS % DS#VNX \'/ Pid e |- T
u*t 1800 1850 1900 1950 2000
PV B2 m(K*K'n*) [MeV]
"""""" o«
\ K—
-

* Main problem is detection asymmetry.
e Restrict to the d—>KK resonance: only p*it™ asymmetry contributes.
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a.°with 1fb
a.sls - ('0.06 i O.SOstat i O.36syst)%

N ] Tracking asymmetries 0.26
2F E Muon asymmetries 0.16
:_ DO DWuvx _: Fitting 0.15
- BaBari " : Back d 0.10
[ .|B.e".g’f. — ackgrounds :
4 ) -1 0 1 Quadratic sum 0.36

 Measurement being
updated to 3fb! using full
KKrt Dalitz region
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Events / (2.8 MeV/c?)

X

n LHCb ¢ Data ]
300 D ut Total =

- - Signal ]

- B* bkg. ]
200 - Comb. bkg. .

L _1 -
100 3fb —

Measurement of a_°

Challenges:

Plenty of candidates!

B — D*uFy, 1.8M
B - D**uFv, 0.34m

—
=
o

Detection asymmetry for the
WK final state
Determination of B momentum
- k-factor

Background from charged B and
baryon decays

Bt — DW=t x+t
AY - DW=t X,

— Normalization from simulation and
measured BFs

— production asymmetry from other
measurements
Ap(BT) = (—0.6 +0.6)% B+—J/ WK+
Ap(A)) ~ (-0.9+1.5)% AY = J/ypK*



Detection asymmetry

A — e(uWrKtr n7) —e(u K nrn™)
e(wrKtn—rn=)4+e(p=K—7ntnt)

* Splitinto Ap = Ar + Ak

e Sources of asymmetry
— Detector inefficiencies/misalignments/inhomogeneities
— Different interaction with detector material (nuclear interactions...)

e Use control samples
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Detection asymmetry: A

* Tracking efficiencies depend on transverse momentum

— Reweight data sample to obtain a good overlapping kinematic phase
space between u and . Effective sample size reduced by factor ~0.8

* Muon-ID and trigger asymmetries: use tag-and-probe method

on J/Yy—=2>uu decays
3
& 600 ido T ] ——————— T e e e
§ E LHCb prehmlnary Accepted M"' E E - LHCD preliminary —e— Magnet up .
o 00 ) L] R —— Magnet down ]
S — Rejected u* 3 -
= J00F 3 A - —=— Average .
o 1 T oosp - -
~ 300 ~ — R | ]
Q ] 0k O WS, Ssors, e SRR T ................. _—
:-g 200 | . E + + -
ho] -
5 100f s 0> i B
OE.L ..... J ..... . . , ..... |. ........ " . . I_q _1: l , , , 1 , , , , 1 _:
3000 3100 3200 0 50 100
M(urw) [MeV/c?] p(u*) [GeV/c]

Overall uncertainty 0.04%
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Detection asymmetry: A

* Use prompt D* decays into Krtrt and KTt
e(KTn~)—¢e(K 7T)
e(Ktm—)+e(K—nt)
= A(D — Knm)
— A(D — Kgm)
— A(Ks)
* Several kinematical re-weightings needed
* A(K) =(0.054 +0.011)%  [HEP 07 (2014) 041]

AKﬂ- —

Agr = (1.15 £ 0.08(stat) £ 0.07(syst))%

Reweighted (for the D+ mode)

largest systematic uncertainty on as°

17/03/16 C. Bozzi - SL decays at LHCb
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Results

Comb. bkg.

” i x10”

o . R '

= - ~ 200 LHCb ¢ Data

Z = e - D ut —— Total

o ' 1 5 150 —-giggﬁl

m 18 . FE TN g.
Comb bko ] - 100 g

BB

= E
= =
- —— |3 >
o — o
< 3 <
i L —
1 10 10
t [ps] t [ps]

259 = (-0.02 £ 0.19:ec £ 0.30)%
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Results

S IF
2 - Standard Model
— [ Source 0 (%)
370 Detection asymmetry 0.26
- B plus 0.13
-1 _ E 3 Baryonic background 0.07
o b2 % Bs background 0.03
2F o
= Fake D background 0.03
IS LHCb D®uvx
-3F o R0 DX K-factor model 0.03
B o aBar D'Iv
3 y Beﬁg?fafl - I — Decay time acceptance 0.03
3 ilp) -1 0 Mixing frequency 0.02
asl [%] Quadratic sum 0.30

Many of these are limited by control mode statistics

259 = (-0.02 £ 0.19:ec £ 0.30)%

Most precise single measurement to date. Consistent with SM. Statistically limited
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PDG

version [

2004
2006
2008
2010
2012
2014

‘ Vub

Exclusive

: tension™

1 I 1
0.003

1 l 1 1 1 1 I 1
0.004 0.005
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Measure |V ,| at hadron colliders?



The A, puv decay

d

Baryonic version of B2>mlv

Cleaner at LHCb as protons are rarer % b - P
than kaons/pions . N
Ay not produced at B Factories, but ">
produced at LHC half as often as B W

mesons
Signature in detector: displaced i
muon-proton vertex 3 08 ey
Event though suppressed, it is not a ;08— LHCb  arXiv:1405.6842 -
rare decay e E

— Expect 0.5M events after trigger and 05K,

preselection 0.4F :
— Only need ~10k to get good enough 03

statistical precision 02¢ :
. . 0.1F =
Tight selection to control N I

backgrounds and systematic effects 10 % N Geviel




Analysis strategy

* Normalize signal yield to A,—A (pKm) uv
— Cancel many systematic uncertainties, including the one related to the
production of A, baryons
* Restrict signal and normalization to kinematic region where
LQCD is accurate:
— g’> 15 Gel? (signal) and ¢ > 7 Gel? (normalization)

o B Y Y 1 Y 7 r

L

W. Detmold, C. Lehner, and S. Meinel, arXiv:1503.01421
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Analysis strategy

* Normalize signal yield to A,—A (pKm) uv

— Cancel many systematic uncertainties, including the one related to the
production of A, baryons

Restrict signal and normalization to kinematic region where
LQCD is accurate:

— g°> 15 Gel~? (signal) and g°> 7 Gel? (normalization)

/

o

|Vub|2 _
B(A) = AXp=7,) g7 e

|Ven|?

B(Ag — p//[l_v’u)qz> 15 Gel? RFF

\

form factor ratio
5% uncertainty

on |Vub|

/

Rpp = (0.68 & 0.07)

W. Detmold, C. Lehner, and S. Meinel, arXiv:1503.01421
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Isolation

\\ Signal ~|V,|? Background ~ b|2~100| i

* Signal has no additional tracks coming from the secondary vertex
* Tight vertex rejects 50% of background due to A_ lifetime (0.2ps)

* Veto on charged tracks close to the pu vertex — 90% rejection
for 80% efficiency

17/03/16 C. Bozzi - SL decays at LHCb
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Corrected mass

* No constraint from beam
energy at a hadron machine

e Use constraint given by O Ap
measurable flight direction

Nature Physics 11 (2015) 743
_ 2 2
Mo — \/mh,u +p 1 TP 014 LHCb simulation E
0.12F — puv low o
01 ——puvhigho
. - —— Afuvlow o
* Improve signal and 008F  ptuvhigh o
background separation by 0.06 -
requiring low uncertainty 004 H,
0.02F '
onmg.,, 0_‘__2-“}1;7‘\
3000 4000 5000

K Corrected mass [MeV/cz] /
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(ps~1 GeV 2

dr/dq?
[Via |2

Reduced g2 dependence

]
o

arxiv: 1503 01421

]
==}
T

=
(3]
T

g
=]
T

<
w

0.0

e

| 1 1
0 5 10 15
7 (GeV?)

Using the A, mass as a
constraint = quadratic
equation for p, = 2-fold
ambiguity

Theory most accurate at :8
high g? 20
Require both solutions above 13

15GeV? to avoid cross-feed

17/03/16

I
20

¢ selection efficiency [%]
=

\_

LHCDb simulation
v both solutions
o one solution

5 10

15| — |2|0
g% [GeV?/c4]

C. Bozzi - SL decays at LHCb
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Fit to data

Nature Physics 11 (2015) 743

1 8(}0‘0 T T T T T T T T T T T T T 40‘0‘0 T T T T T T
B Combinatorial LHCb ] LHCb
15000 Mis-identified ] .
DT ] | PTax
12000 ”;H___V —: o w7
i Aaﬂ_z . B Combinatorial
N LV e

Candidates / (40 MeV/c?)
Tt

9000
6000

1000
3000

Candidates / (50 MeV/c?)

%

0
:?(){}() 4000 4000 4500 5000 5500

5000 - _
Corrected py mass [MeV/c?] Corrected pK 7w*u mass [MeV/c?]

Signal: 17687 + 733 Normalization: 34255 + 571
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Ratio of branching fractions

B(A)— DU V) 2515 Gev? N (A)— DU V) 2515 Gev?

B(Ay— AELMV)q2>7Gev2 N(Ay = (AF = pK—W+)MV)q2>7Gev2
(A= (Af = pK™ 77 )uv) 2or geve
e(Ay— pﬂ_vu)q%w Gev?2
x B(AT— pK~n")

X

e Relative efficiencies determined from simulation, with
corrections from data. Main differences due to

— Two extra tracks for normalization 0
e(Ay = puv)

e(AY — Acpv)

— Vertex efficiency (A_ lifetime) = 3.52 +0.20

— Cut on corrected mass error



Ratio of branching fractions

B(A)— PU VL) 2515 Gev?
B(A) — AELMV)q2>7 Gev?

— (1.00 + 0.04(stat) + 0.08(syst)) x 1072

Source Relative uncertainty (%) ® Dominated by single
B(AF — pK*ta) LT Belle measurement
Trigger 3.2 _
Tracking 3.0 L | (a)Rssample
AT selection efficiency 3.0 = 2000

N* shapes 2.3 2
A0 lifetime 1.5 g 1000
Isolation 1.4 i . o |
Form factor 1.0 2000  (b) WS sample ]
A? kinematics 0.5 10085 1 1 1 1

g .. > 21 22 23 24 25
g° migration 0.4 M,,;oo(D"pr) (GeV/c?)
’Fr)i?al % (Belle) Phys. Rev. Lett. 113 (2014) 042002
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'V | result

Using PDG exclusive average of |V, |:

[ IV, 1=(327%0.15,, =0.17

+0.06,,,)x 107

theory

~

(&

Nature Physics 11 (2015) 743

3.50 away from
inclusive average

AN

——— PDG 2014
Exclusive arXiv:1501.05373
(B Iv) . (RBC/UKQCD)
—T —e—  arXiv:1503.07839
(FNAL/MILC)
%HCb arXiv:1503.01421
(A—pLv) * (RBC/UKQCD)

PO N TR T TN TR AN TR TN T T [N THN SN TN SO N T TN T
0.003 0.0035 0.004 0.0045 0.005

IV | Y

17/03/16
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Measuring |V ,|: B.2Kuv

Phys. Rev. D91 (2015), 7074510

I I 4 I

300 . e stmstcs 390 e sR85ICcs
L L mmm chrs<ontitas extrapolasion I _— ChA-COniruLm X apaalion
X ) s lattce-scale uncertainty 15 L e lamcoe-scale uncerainty 5
250 m— rencrmaization 1o 250 - reroemaElizalion Solor
o s HC discretzation ersors e HO dscretizaton erors
B 9 7T MV — 290 i LQ a7 guon dBcrelzalion erons e — 20 LQ & gluon dscrelizalion amass 12
Y 1 cther systematics e other systemascs [
. L %= Cad
o I | = B 150 .~
3 g b3 12 g
. w .
w w
190 10
50 3
8
]
0 1 T L
il 23 77 24 28
¢ [Gev) 4 [GeV?)
122 4 LK m SAlSHCS 120 4 pum _— Al
X s chiralcontnuum extrapolation s s chifal-continuum extrapolation
199 mm BUNOMSCHES LNCHTAIrtY 10 190 _ AOA-SCHR UNOIanty 10
B K mm renomralzation faci: 5 mm cenoralzation fackr ‘
9 AY) s HO discretization errors s HO ciscretization errors
S M 890 4 LQ and ghaon ciscratizalion arcrs — -';' 83 4 LO and ghaon ciscratization erors o
[ omher systematios & other systermatics &
. e
“ & <
= - =
u: w w

Error budget from Lattice QCD more favourable for B, Kuv than B>muv
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Measuring |V ,|: B.2Kuv

Bs2KMuNu 13512010, SSbkg data2012, Bs2JpsiPhi 13144001,
Bd2JpsiKst 11144001, Bu2JpsiK 12143001,

° Use Corrected mass to BSQDSMUNu_COthaiI_l3774002',BéjgEiikpﬁi()op'\iﬂl\:l'}ﬁu__li?éigigby
distinguish between B

0.04

background components ...

0.03

0.025

0.02

 Use charged and neutral

0.01

isolation criteria in BDT

S lIIIIIIIIIIIII|II]I|[III|IIII|IIII|II[I|IIII

* Correcteoll 5r(;:;sl,s tM.eQ]SSOO
— B = JpK
F _ — Signal
e \eto pa rtial Iy 0.5;— Charged - gz: \E)/:va
reconstructed -
backgrounds 2

0.2—

0.1—

I P N B
800 1000 1500 2000 2500 3000 3500 4000 4500 5000
Bs_MuMu_M_iso
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Measuring |V ,|: B.2Kuv

Bs > K*uv
5000k= ' ' ' 1 ' ' ' ' BS - K*(1430) l’l v
- ~ |Bs = K*2(1430) pv

4000 S -
3000~
2000~
1000F

0 C M M M M M M M M M L M 0 M M M 1 M M M M 1 " " " "

500 1000 1500 200 500 1000 1500 2000

M(Kn°) (MeV) M(Kn°) (MeV)

* Neutral isolation: Veto partially reconstructed K**
backgrounds by looking at combination of photon pairs into
n® candidates
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Measuring |V, |: B2uv and B 42 ¢uv

* B—>Ilv measures ff x |V |, sensitive
to NP at tree level v,

* Helicity suppressed!
—>Measure B2>tv
- rather impossible at LHCb
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Measuring |V, |: B2uv and B 42 ¢uv

* B—>Ilv measures ff x |V |, sensitive
to NP at tree level v,
* Helicity suppressed!
—>Measure B2>tv
- rather impossible at LHCb

* Add gluons and measure B=2>¢uv
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Measuring |V, |: B2uv and B 42> ¢uv

* B—>Ilv measures ff x |V |, sensitive
to NP at tree level v,
* Helicity suppressed!
—>Measure B2>tv
- rather impossible at LHCb

* Add gluons and measure B=2>¢uv
* Look also for B,.2>duv
* BR(B+=2>¢uv)/BR(B.2duv)

~ Vil ?/ IV |2 !
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Measuring |V, |: B2uv and B 42 ¢uv

* B—>Ilv measures ff x |V |, sensitive
to NP at tree level v,
* Helicity suppressed!
—>Measure B2>tv
- rather impossible at LHCb

* Add gluons and measure B=2>¢uv
* Look also for B,.2>duv
* BR(B+=2>¢uv)/BR(B.2duv)

~ [V [/ 1V |? !

» & o & & ac

M A L L Al L L L L L L |

e Analysis just starting
— Building on work done for B,>Kuv

-
3 Linslisslsnalonstsnshinshinsdsaslinslsnslsnslsarl
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Semileptonic B decays in D**uv

B - D™ uv decays relatively poorly measured
Sum of exclusive final states falls short of inclusive X_ pv

Look for B - D**uv with D** - D*it by fitting D*rt inv. mass

3fb?

D invariant mass (BDT cut) |

— A1 = 3.2430 = 0.0096 — SGN+BKG B

NQ 1400 A2 =-1.73007 = 0.0032

2 B2 = 0.480 = 0.018 --- Comb BKG . .

8 o Empirical, | Mo= 2718 +0.023 * Hints for decays into new
S 2 2R T Wkl (bl A Godin ious|

~ St ommnn, . snar = x

g 1°°° . ol \ N_BKG = 41065 = 345 “e- D1(2420)° resonances, previously

$ Narrow D**: ! "+« s _brl = * 5

@ " fxedtoppal e N br2e s07e 12 D,(2460)° _ unobserved

values

....... -+ D,(2650)° * Non-resonant D*m decays
- A N -=* D(2760)° merged with combinatorial
. RO, ol Y TN e T s 7 background

3 . Al 32
M(D =..)-M(D }+M(D, ) (GeV/c?)

B->D%mrX and comb D* background.

Two new broad resonances: shapes taken from previous LHCb
analysis in different production modes.

State Yield Stat. error Syst. error Tot. error Significance (o)

0O(10%) narrow resonances decays: D,(2420)° 39245  +302 2037 +2059 19.1
Could also measure form factors! Dj(2460)° 16289 281 =1391 =1419 115
D*(2650)° 2663 +208 +479 +522 5.1
D%(2760)° 807 +113 +179 +212 3.8

17/03/16
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Semileptonic B decays in D**uv

e (Can also measure D*TC(J'C) Log[IP®/(mm)] data (1D) - AllCuts
final states “inclusively”
without looking at invariant =
mass

Events /(0.1)
w
a
o
o

* Fit impact parameter with
respect to D*u vertex

IP_BV)

. NBKG1_PiPi_2D = 6;11‘13 +94

BV . Log[IPBY(mm)] data (2D fit)- AllCuts “PiPi_2D = 1278 «
Log[IP®!(mm)] data (2D fit)- AlCuts gllP - (mm)] data (2D fit) NBKG2_FIP| 20 = 1275 + &0
m1logipoc_bkg_2D =-0.4902 = 0.012

Al

S 450 — SGN+BKG milogipoc_sgn_2D =-3.3000 =+ 0.031
< 400 - SGN+BKG -===8GN X s1Hlogipoc_bkg_2D = 0.733 = 0.027
[2] - i -
b= === SGN 400 -=== Fake n,, Fake = s1Hlogipoc_sgn_2D = 0.648 = 0.031
§ 350 - Fake n. Fake n.| True n" Fake n“ siLlogipoc_sgn_2D = 0.606 = 0.027
o g 4 350 01’ 2 s2Llogipoc_sgn_2D = 1.100 =+ 0.016
True I Fake =, = === B->D m.uv
300 Soon [BE
B->D m..uv 300
250 250
200 200
150 150
100 100
PEL S et L ammmy
50 -’ : 50 ISR .~
JEPPTIL LlaaA .
25p=" —— 0_ HH] s

og | Log[tP™ (mm)]
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N\, form factors

dC(A) = Afp ) _ GEmy, | Val® ()& () o ) +m(A)? — ¢?
dw N 2473 YISA, 2m(Ap)m(Aec)

* In HQET, the partial decay width is determined by six form factors
* Inthe heavy quark limit = “Isgur-Wise” function §(w)

e Parameters of this function can be determined by measuring the exclusive
A, 2 Ay rate, with A.— p K, in bins of w

* Need to subtract feed-down from higher resonances

3500

: B . T ] T _E ; ] T E
- 8000 Ac(zsgs)mmyields: 3569 + 144 w: [1.000, 1.432] E < a0 w: [1.000, 1.432] E
2 7000 E- A(2625) yields: 22965 + 266 + 3 4 =
g 6000 Ac(2625) 3 g 2500 _E
5000 5 2000 —
4000 —; 1500 =
3000 Ac(2595)+ 3 1000 Ac(2880) 3
2000 = i E
1000 = SOE™ e i E

= > E = 2 E
S X "-'"-'-"'---'-".'-.u"'-'------"g : ogaatthy H4H***i*i*m*m*mmg

She ]
2600 2620 2640 2660 2700 2800 2900

mM(ALTT)-mAD+m | (A [MeV] MAZTT)-mAD+m | (AD) [MeV]
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/\b form factors

ID(AY — AT~ v m, Vo |? ‘, m(Ay)? +m(A.)? — 2
dw 247T s 2m(Ap)m(A.)
e Unfold the measured w . e | l
distribution and correct for N L e T = -
efficiency z [ —= ]
L == ]
L : 7
—o— e
-
S T True distribution 7
0.5 L_ —&— Reconstructed —_
—&— RooUnfoldInvert
| === RooUnfoldSvd
O PR R R SR NN SR S S S T TR TR ST T NN S S S S R

1 1.1 1.2 1.3 1.4
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N\, form factors

LA} — Ao GEm3 | Ve |? 5 Ap)2 + m(A)? — g2
dU(Ay = Al p vy _ JF! Ab" b| K (w)€2. (w) w:m( ) +m(A)” —q
dw 2473 oo 2m(Ap)m(Ac)
* Unfold the measured w > R B .
. . o T |~ 7]
distribution and correct for \55 100 E,(w)=exp[-p’(w-1D]|-
efficiency Z

* Fit Isgur-Wise function (in the oL

. . L p? =1.65+0.03
HQ limit) | x2/ndf=53/5.0
* Repeat fit by using form factor [ povalue=0.45
parameterization from Lattice T Tz 13 e
\%

QCD

* Access to |V |: need to find suitable normalization channel
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Testing Lepton Flavour Universality
with semi-tauonic B decays



B(B° - D**t7v,)
Measurement of R(D*) = —
) B(B® - D**u~v,)

* Theoretically clean,
cancellation of form factor
uncertainties SIS

— Dominant uncertainty due to

knowledge of helicity-
suppressed amplitude

— SM: R(D*) = 0.252(3)
PRD 85 094025 (2012)

* Use T = UVV decays

— Same visible final state

RO *+ —
BY - D™"u"v,
“normalization”

— Large well-measured BF (17%)
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Signal-to-background separation

In B rest frame, three key kinematic variables: 5

-

s
-
-, -7
’ e
/////
-
-
s
-

q* = (py + py)*
= m2,.

Alternately

q* = (pB—p*D*)2
== (mB - ED*)Z

mrzniss >0 mrzniss =
E[ spectrum is soft E| spectrum is hard
m? < g% < 10.6 GeV? 0 < g2 < 10.6 GeV?

17/03/16 C. Bozzi - SL decays at LHCb
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17/03/16

Rest frame approximation at LHCb

(yﬁz)é — (yﬁZ)D*[J, = (pz)E — m(D ) (pz)D U

B boost along z >> boost of decay products in the rest frame

Avoids 2-fold ambiguity when solving for B momentum with
missing particles

18% resolution on B momentum approximation

C. Bozzi - SL decays at LHCb
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Arbitrary units

MC Truth

Our
Approximation

Arbitrary units

17/03/16

Reconstructed fit variables

0.1f

0.5

0.03

o T e 0

0 5

10
m2,;s(GeV/c?)?

0 | 5
m2,;.s(GeV/c?)?

10

0.08
& LHCb Simjation
oy
= 7
: 7
Soosr ¢
77
= [ o
< s
0.04r- s \
Vo \
A AL
L \
0.02F | \
iy
_;/;/ \
o_ﬁ 3
500 1000 1500 2000 2500
E, (MeV/c)
%0'{)8 LHCD SiFqulation
=
e
ED.DG_— / \
£
oo // \\
i\
0.02- / N

i

2\

500

1000 15{}[} 2{}00 2500
E, (MeV/c)

C. Bozzi - SL decays at LHCb

Arbitrary units

Arbitrary units

9 7
7
0 7
Pty
s
INNE:
0 5 10
g2(GeV/c?)?
0.6
_ 7
2
0.4
\\\ //// 7
TN ///A
N
%0 5 10
q*(GeV/c?)?
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Partially reconstructed backgrounds

v

_-= Underlying

Fxrant
LVCTIU

Main backgrounds (other than normalization): partially reconstructed B decays
— D*(*)uv, D*3xX, D*D(s)(*)X...
— use isolation criteria (MVA) and/or T flight length

Assess compatibility of every other reconstructed track with D*u vertex

— Vertex quality with PV and SV, change in displacement of SV, pT, alignment of track and
D*u momenta

Build BDT to discriminate “SV-like” and “PV-like” tracks

— Use cuts to select signal-enriched and background-enriched samples, to be used as control
samples
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Semileptonic backgrounds

2.8 -
C 25
2of e Sizeable contributions from semileptonic
= T b e decays to excited charm mesons
B ! D 1 Dl
2.4 ' 0 " . .
3 f . e Study their shapes with control samples
P " enriched in one or two additional pions
2.0 |- s
K o D /  S-wave
- P-wave
sp DS D-wave PRL 115, 111803 (2015)
2 2
EM M miss g
S F T o Os0E \H"\MH‘\H‘\.‘.“—_ A~ |
D400 J 9 F LHCb preliminary 7 % 12000 —
2 0 5 E Dt EREE Rt
S e ERRCS ;Baj Dtv 3 S ]
é s = <k =E:B:|:||5(_> e é -
- 300:_ - é 1000;_ -(E;o_n:tl):i)r:gt\éwic _; E E
e E = Misidentified § a0
L C s} r
C 600 = 4000'
L R
20 4wk 000
TR 7 (Meg%oo """

¢ (MeV')

17/03/16 C. Bozzi - SL decays at LHCb 65



PRL 115, 111803 (2015)

Semileptonic backgrounds

=

2.8 -
2o - * Sizeable contributions from semileptonic
: N D p, B2 decays to excited charm mesons
2.4 - g & . .
3 L P * Study their shapes with control samples
= ,f enriched in one or two additional pions
2.0
C /  S-wave
B P-wave
1.8 D-wave
2
E‘u M iss
b 4 % ™ ;
. o . E o §
< - —e— Data 3 ¢ F :
i I B - D'y 1 2 swE 3
2 100E- BmBoDH (-MOX | 3 3 UE "
o F I B - D*Iv 1% wE 3
- B B - D'y 1 & "
E Combinatoric ] mE &
O [ Misidentified ~ E
- ] mE
. 0
EM*(Me%00 :
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PRL 115, 111803 (2015)

Double-charm backgrounds

B> D*D X decays can lead to very similar shapes to the
semitauonic decay (e.g. B > D* D_ (- ¢uv) + many others)

Very large number of decays modes, physics models for many
of them not well established

Dedicated D*uK+ control sample used to constrain shapes

17/03/16

500 1000 1500 2000 B (Me%oo

I ! ~ 2500
+

_+ Data

I B - D*tv

I B - D'H, (= VX)X

I B > D*lv

I B - Duv E g
Combinatoric =

i Misidentified p 3

ents / (0.3 GeVi/c

C. Bozzi - SL decays at LHCb
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2
Eu m miss

2040 <q* <2.85 GeV/c*

__ e Data

I B — D*tv

I B — D*H, (= MX)X

B B - D*lv

I B — D'uv
Combinatoric
Misidentified u

=
jan
Q
o
-
jan)
Q
=2
Ly

-

Signal region fit

* No additional particles

* 3D fit to m? E, in4
bins of q2.

Candidates / (75 MeV)

Candidates / (0.3 GeVZ/c*)

2500

] 500 1000 1500 2000 25
E,* (MeV)

i

miss? 2 ise

6 8
m2._ (GeV*/c*

=
=)

(b) 2.85 <’ <6.10 GeV/c* " LHCb

-

sl

Q

(o
I

(f) 285<q?<6.10 GeV/e* __

* Simultaneously fit 3
control regions defined
by isolation criteria

Candidates / (75 MeV)

Candidates / (0.3 GeV?/c*)

0 500 100050073000 2500
E,* (MeV)

0 2

~
~ =

[
mZ.  (GeV-/c

miss

-
jan)
@)
L

(c) 6.10 < q> <935 GeV/c* LHCb ) 6.10 < q° < 9.35 GeV>/c*

(g

R(D*) = 0.336 + 0.027 + 0.030

Candidates / (75 MeV)
=
S
S
S

Candidates / (0.3 GeV%/c*)

* In agreement with Babar e 4

6 8 , 410 500 1000 1500 2000 2500
m2. (GeV/c™) E,* (MeV)
a n d Be I I e 9.35 <q? < 12.60 GeV/c*' LHCb (h) 935<q’ < 12.60 Ge\f/c" " LHCb 3

* 2.10 higher than the SM

IIIIIIIIIIIIIIIIIII
Candidates / (75 MeV)

Candidates / (0.3 GeVZ/c*)

PRL115, 111803 (2015) e 4 6 8 .410 = AT L0030~ 5300
m2_ (GeVi/ch) E,* (MeV)

miss
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Systematics

Model uncertainties Absolute size (x1072

Simulated sample size 2.0
Misidentified p template shape E
B® — D** (7= /p~)v form factors 0.6
B — D**H.(— pvX')X shape corrections E
B(B — D*17v,)/B(B — D*u~1,) 0.5
B — D**(— D*mm)uv shape corrections 0.4
Corrections to simulation 0.4
Combinatorial background shape 0.3
B — D**(— D**m)u~ v, form factors 0.3
B — D**(D, — Tv)X fraction 0.1
Total model uncertainty 2.8
Normalization uncertainties Absolute size (x1077)
Simulated sample size 0.6
Hardware trigger efficiency 0.6
Particle identification efficiencies 0.3
Form-factors 0.2
B(t— — p~o,v;) < 0.1
Total normalization uncertainty 0.9
Total systematic uncertainty 3.0

17/03/16 C. Bozzi - SL decays at LHCb

Expected to be reduced

Will scale down
with more data
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HFAG average of R(D) and R(D*)
g . II—IBaEI.aI,LRLI109I,10I180;(20I12)I o IAXI2:I1I.0I

S
(o 045 mm Belle, arXiv:1507.03233

R{[}*}=D.252 iﬂ.ﬂﬂ'?ﬁ LHCD, arXiv:1506.08614
PRD 85 (2012) 094025 — Average
R(D) =0.297 +0.017 0.4
PRD 78 (2008) 014003 - :

035- -
Experimental average: 0,32- -
R(D*)=0.322 +0.018 £ 0.012 0255_ _ po
R (D) - 0.391 i 0.041 i 0.028 ' E SMprediction

IR T T T (T T T T SRR NN TR TN TN TR NN S N S
0%.2 03 04 0.5 0.6

R(D)

Difference with the SM at 3.90 level
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Other semi-tauonic decays

B+ & B Bc

R(DY/R(D*) muonic,

R(D*) hadronic R(J/P) muonic
Bs Ab
R(A\c*) muonic,
| R(/A\c) hadronic,
R(Ds) muonic R(/\*) hadronic
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B—D*tv, with t—3m(n°)

* Doing semileptonic physics without leptons in the final state!

* The B—D*tv decay, with t—3mwt(nt?) leads to a D*3n(X) final state
* Nothing is more common than this final state in a typical B decay

* Br(B—D*3n(X)) / Br(B—D*tv; T—3mn(n°)v),,,~100

e Suppress with inverted vertex topology

D*~ vertex 9
~ BO vertex _ -

———
—-—
—-—
—-—

Primary
Vertex

()
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B—D*tv, with t—3m(n°)

* Doing semileptonic physics without leptons in the final state!

* The B—D*tv decay, with t—3mwt(nt?) leads to a D*3n(X) final state
* Nothing is more common than this final state in a typical B decay

* Br(B—D*3n(X)) / Br(B—D*tv; T—3mn(n°)v),,,~100

e Suppress with inverted vertex topology

-

—-—
-

| o BO SO
. ~
Primary NS
Vertex T

A 5 o requirement kills the
D*37w(X) background by >10*

Vr
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B—D*tv, with t—3m(m°)

* Remaining background from B? decays where the 37 vertex is transported
away from the D vertex by a charm carrier: D, D* or D? (in order of
importance)

* Br(B—D*'D’; ‘D'—3n)/ Br(B—D*tv; t—3n(n°)v),,~10
 LHCb has three very good ‘weapons’ to suppress this background:
— Background partial reconstruction
— Dynamics of 27, 37 system
— Neutral isolation

* Use multi-variate analysis to maximize discrimination
* Expect statistical uncertainties at the 6% level

 Must keep systematic at the same level

— Limitation due to the large error (11% PDG 2014) on the normalisation
Br(B’—D*3m) is now overcome by new Babar measurement at 4%, shown
last Sunday at Moriond EW!
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Signal reconstruction

Sy (et ) feost £ Bye /(2 = 8, )P = A2l Psin®d
' 2R, — [fon Pc0s?h)

* Reconstruct T and B kinematics by exploiting vertex
separation

v
 Choose 8 such that argument of square root vanishes
* Good resolution on kinematical variables
h5
25“’PTI‘UE value M : Mean -0.328
[ 100 HRMS = 1.3 GeV?2 RMS  1.376
- @m Reconstructed! N L . _
| I H 800 - " | Difference true
- value ‘Jﬂ -
s~ p r_[ﬂr o - - reconstructed
y N | ol |
‘°°£ n{‘nr JHIJ 400; H]
E v “-‘I 11 200}~ .
\E“')J“NJ‘J?IJ JllllLL PL. g.-z—-r""'.'/’r:.“l.\:'\_‘l....‘
00 2 < 6 8 " 10 > o 0 10 -8 0 5 " ?IO
q |GeV it q -q (rue)
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LHCb internal

Current status

BO—’D"DS D*Ds X Signal (blind) Total Slgnal (blind) BO—.D"D X
s

~ : Iv T T /
2350 | 3 900
[ep]
> 300 | Z 800
C:)250 : 8. ol
& I b"DOX 2 600 arasiifeti
N 900 - arge lifetime)
S ™ 500
<150 i , 5 400 D™DX
£ 100 - S 300 ,
D 50 , , g 3 200 4
o O ™ == N d 100 i __Viee
0 LN o et A P vt .
’ ‘ 0.0005 ‘\ 0.001 0.0015 0.002
P t D*3mX
12% from signal. 30% gaussian romp m DE‘TV T (HSGC)
ERUESIRIS Prompt D*3nX 12% from signal. 30% gaussian

constraint

Statistical uncertainty on signal ~6%
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Outlook

The measurements of CP asymmetries in mixing (a /, a./) and of
the CKM matrix element |V ,| show that it is possible to do
precision physics in semileptonic decays of b hadrons even in the
harsh environment of LHCb

Decays with taus in the final state look promising. For B—D*tv:

— Leptonic mode: same level of precision (¥10%) as B Factories

— 3-prong mode: aiming at statistical precision at the 6% level.
Further exploit other modes with taus:

— B—D’zv, B—D v, A,—A_ TV
Several tools and techniques are being exploited to reconstruct SL

decays, suppress backgrounds and disentangle “ground state”
signals from higher “excitations”
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backup

C. Bozzi - SL decays at LHCb
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Composition of SL width

Even less experimental

information of exclusive B, decays.
Final states with DK can be used

to measure B.—D,"uv.

D,,D.,— DK

(*) *) 0
D, — D, +n(mw ory)

3

2.8

— predicted (Godfrey-Isgur model)
e+ observed

T I L

—__ D DsZ
=L v

- =
- »—

— D

L s/

| @]

- D

B « Oy

- DS

i _

[ D,

-

C. Bozzi - SL decays at LHCb

o
I

1
o
+
~
N
+
N
\

o . - .

S-wave P-wave

DK
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Composition of SL width

LHCb [PLB 698 (2011) 14]

* Observed D°K spectrum from B.—D, v

LA B B B Sy B S S S |

sE "LHCb
E \Js =7 TeV Data
+ 0 -+ 2oF *
D, (2536)" — D*(2007)°K 3pb!
(missed 7¥ or Y) _ mf_ 1 ll
N *
D_(2573)* = D°K" I IR VUK It
Significance: 8.30 '51605— o) LHCb
w 140;_ \s =7 TeV Data
B(B® — DX Xu v 120F
(_SO_’ 2 = f) =0.6140.14 4 0.05. 100 20 pb~!
B(BY — D i Xu-v) "3
6of-
B(BY — D*f Xu—v a0
( > 2 “_ ) = (3.3+1.0+0.4)% o | ,
B(Bs — Xuu—v) b fE &Y T et ey
2300 2400 2500 2600 2700 2800
m(K'*K*)-m(K'7*)+m(D%), . . (MeV)

B(B® - DXy~ e
— Y

( > st ”_ )=(5.4i1.2i0.5)%,
B(B{ —> Xu~—v)
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Improving isolation

JHEP06(2012)058

Inclusive W and Z production in the forward region at Vs =7 TeV

O ™ S A A * Transverse momentum &
s i [ W — pv (Simulation) ] .

S0k I energy in a cone around
g F ]

>

84}

102k muon in W decays
successfully employed in

M : measurement of inclusive

107 E

o QIO i [.G‘"IW%O W production
Emﬁm% Swﬂi)ﬂ * Possible use in SL decays
as discriminating
; variables to veto decays
lof 1t vy with extra “activity”.
10 0 20 30
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Semileptonic publications

CP violation and Am, ; studjes, ... s cus:
a,’ [PLB 728 (2014) 607]

— Semileptonic asymmetries Ai,, umepor 014041 and [pLp 123 2013 33

A [arXiv:1501.06777]
— CP violation in charm Am,,, [EPIC 73 (2013) 12, 2655]
— B,, B, oscillations
bb cross section at 7 TeV

b-hadron production fractions

«[PLB 698 (2011) 14]

B, — D" X pv branching ratio

[PLB 694 (2010) 209]

[PRD 85 (2012) 032008]

[arXiv:1504.01568, submitted to Nature Physics]

V,, measurement

C. Bozzi - SL decays at LHCb
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N,— N\, form factor

Use A,2— A, pv, with A, — p K.
Add 2 pions to observe of excited A _(2595) and

AC(2625)

— Subtract from inclusive A, p X

Use neutrino-reconstruction
to get 4-velocity transfer, w

— Use SVD method for deconvolution

Analysis in advanced state.

— Expect uncertainty on p>~ 0.08

— Systematics from w resolution,
detector efficiencies and
A “modeling

c

Is there a good normalization
channel to extract V_, ?

C. Bozzi - SL decays at LHCb

8
S

Candidates / (40 MeV/c?)

S =
8 8

Pt
(e
8

LN B N B B

D0 4500

From V, paper

- LHCb

WA
AUV

B Combinatorial

5500
Corrected pK 7*u~ mass [MeV/c?]

5000
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Right-handed currents?

The dependence on a
right handed current
is different for

~

{ Lefr = —% VuLb(UfnyPquL eruy, Prb)(VYy*PLIl) + h.c. J
arXiv:1504.01568, submitted to Nature Physics \
= S R A R A A B LA R
— B inclusive _
X I Bonlv ]
— I A,—puv (LHCb) 7
'J>= % | combined —

A,—puv as there is
also an axial vector
current

Right-handed currents disfavoured

C. Bozzi - SL decays at LHCb 84
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Can we do more at LHCb?

Exclusive measurements are challenging

First exclusive |V ,| using A, — p uv paves the way for other
semileptonic decays

- N> A pv — B, — Kpvand B, — D uv

— B — p(nm)uv — Other options: B.?
Problem: normalization to CF decay (asin V).
Normalization uncertainties:

— bb cross-section 2 19% LHCb: [PLB 694 (2010) 209]

* Need normalization channel, or
* use (almost) fully reconstructed OS tag.

— b-hadron production fractions LHCb: [PRD 85 (2012) 032008]

* Branching fractions for B, and A, not well known.

Precision on rest-frame observables (g2).
— Neutrino reconstruction
— Same-side tagging



Can we do more at LHCb?

* Exclusive measurements are challenging

* First exclusive |V ,| using A, — p n v paves the way for other
semileptonic decays

- N> A pv — B, — Kpvand B, — D uv
— B — p(nm)uv — Other options: B.?
* Problem: normalization to CF decay (asin V).
* Normalization uncertainties:
— bb cross-section 2 19%

Urquijo [arXiv:1102.1160]

N L 'F L I E

° H 1 :.é 400;_ LHCb —I., Ipal(low) —;

Need normalization channel, or ;3505_ Preliminary  : %ﬁg'ifgiﬁ.gf’ ;

° r i o(core): 0.38 = 0.02 ]

use (almost) fully reconstructed OS tag. ® 500k V5 =7 TeV MC I, (high) :

— b-hadron production fractions :}::'2503_ RS 2002008

* Branching fractions for B, and A, not well known. < 200F B
* Precision on rest-frame observables (g?). 150
. . 100F
— Neutrino reconstruction :
50

— Same-side tagging of L, ber

5 2o 2. 5 0 4
q -9 (GeV</cY)

rec
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Separate higher D, & A resonances

2D fits to g2 and m,,

J

\

/B HO) -
—>
. —> D, uv
800 _— LHeh ++ _ 600 — —+ ee — [PRD 85 (2012) 032008]
_ 700 3 \s =7 TeV Data et =i : E < 500 —_+—__+_ Vs = 7 TeV Data = . 4
% 600 ;_-0- data i‘- - :_*— _; § 400’5?*—_.+_-- vvvvv ' P .—+— E UseD andD
& s0f - D_* g 3 8§ F Lp - form factors for D,
\E’ 400;—__ DS*+ —+_€..._:“" _____ : i —'E' E 300 SUSNIP SPTPE L PRORPI e 3 and D *
§ 300;___ D **t '._-_': ______________ —i.. .2 _; 5 200 ‘et P s — R : . _f . s .
G o200F | ° A e B Le-#=e 3 = Fixfraction
0o background !__i o 100 e R S NN
‘E....m:*_—a‘""‘i 1 1 g 0 1 . PR PP I .__l-:. DS /DS_D /D_2.42
-10 -5 0 5 10 3500 4000 4500 5000
9*( GeV?) m(D, 1) (MeV)
0 +(**) ——
/A'?.._>A.C.. nv -
aso |- LHCb - s00 iz [PRD 85 (2012) 032008]
400 [ -
—~ 350 |- cot : m —~ 400  pge=-cTT7C . )
3 | i ] 3 Ratio A (2595)/A(2625) fixed
= 280 , 4§ soo 1 to prediction:
§ 200 [¥7-° 4 2 [Phys. Rev. C 72 035201 (2005)]
w - @ 200 -1
150 |-, xo o
100 [ et o ] 100 [— TR 1 ol
sof . Sed “Eteme
12 3500 4000 4500 5000. . 5500

q? (GeV)

e
°:
.
o
[N
-o"_

m(A' 1) (MeV)

)
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Composition of SL width

Composition of inclusive B — X/ v width not fully understood.

Recent update by BaBar bridges half of the gap.
8.5% still unknown.

e

3000

Mass (MeV)
N
(&)
o
o

2000

-

__ D,*(3084) 4"

D,*(2806) 3 ~ D, (3079) 3

D,(2806) 2 D, (3074) 3*
___D,(2801) 2 D,*(3074) 2*
D,(2796) 1
— D(2618) T ) .
B ~D,(2558) 0 D,'(2479) 2
—D,(2469) 1
——D,(2419) T
D,*(2380) 0°
_ D*2023) T
- D(1864) 0
1S 25 1D 1P 1F

20% |} D
_—;: W
bt 50% |t D*
J
- 5% |} D
~ }
8.5% |} 7

From F. Bernlocher, CKM14

N
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Composition of SL width

* LHCb can study for resonant B — X_./ v structure
— Including radial excitations D)’
— High statistics invariant mass spectrum
 Example: spectroscopy from prompt samples:

e

__ D,*(3084) 4" i
* u - +
3000+ D,*(2806) 3 D, (3079) 3 L
D,(2806) 2 D, (3074) 3*+ L
___D,(2801) 2 D,*(3074) 2 — -
‘D,*(2796) T ’ c
< RN .:Dy(27986) 1. ; 2 20000 —
S 25001 — Dip4ss) T P
3 —iDy(2419) 1 | <
@© \-D- ;-(-é-é-s-a)“-dr; E 10000
= 0 §
2000F— D*(2023) 1 ~IN |
- D(1864) 0 L T —
2200 2400 2600 2800 3000

1S 2S 1D 1P 1F m(D™*1) [MeV]

\\ LHCb [JHEP 09 (2013) 145]
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Same-side tagging (B.,’)

1000
800
600

Candidates / (1 MeV/c?)

Pull

400 F

200 F

LHCb

20 40 60

100 120 140 160 180 200
m(B*K) - m(B*) - m(K") [MeV/c?]

20

/- Narrow width: B,"— B* K~ additional constraint

[Phys. Rev. Lett. 110 (2013) 151803]

~3000 candidates/fb

N

)

* Extend to neutral B mesons: B,"— B K"

17/03/16

Possible use for:
— B" — p(nm) pv: Angular analysis to extract form factors and |V,

— B"—>Dpuv:

Study of D™ states and in D%v.

— B"— KK uv: ss-popping in b—>u. First measurementof B" > o uv

C. Bozzi - SL decays at LHCb
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Big picture

B° - D**u~v, (normalization)

BY - D*t17v;
(signal)
h — u misidentification

B° - D**u~v,+ B° » D**1 v,
B~ - D™y v, + B~ - D"t %, Control sample fits to constrain shapes

D** —» D**r (3 states each, 6 PDFs)

Candidates / (75 MeV )

Candidates / (0.3 GeV2/e* )
Candidates / (3.25 GeV¥c* )

By - Ds**tu v,
Dt — D**KQ, (2 states, 1 free param)

Candidates / (75 MeV )

Bt0 5**,U+VM
D** = D*~mm, (cocktail)

Candidates / (0.3 GeV¥c* )
Candidates / (3.25 GeV¥/e* )

Candidates / ( 0.3 GeV?/c*
Candidates / (75 MeV
andidates / ( 3.25 GeV?/c*
oo

B » D**H.(—» wX")X
+B - D**D; (- t7v)X

500 1000 1500 2000 2.
E,* (MeV,
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B—D*tv at LHCb

* Experimentally challenging due to additional neutrino(s)
 Two tau decay modes being studied:
leptonic: T—uv, v, 3-prong: T—3m(m0)v,
* Main backgrounds: partially reconstructed B decays
— D*(*)uv, D*3mX, D*D(s)(*)X...
— use isolation criteria (MVA) and/or T flight length

Find and fit distributions which differentiate signal and background.

T Ieptonlc mode: B°_sD* i*v template projections . G. Ciezarek, Mainz workshop \
60000'_— B 200

o

’
25000 |- E
N 180
50000 |- [ B E
20000 |- iy = 160
40000 F - 140
[ 15000 |- : 120~
30000 F ’ wfE [t |
- 1 o
r 10000 |- | - 80~
20000 [ ! E
r - 60—
. 5000 - ' wf
10000 n o o -
5 L 20F !
r T 1
0 oL I IR BN B . oL P W ] 1 1 L1 k10
- 500 1000 1500 2000 2500 0 2 4 6 8 10 29

EL Q/
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B—D*tv at LHCb

3-prong: T—3m(m0)v,

Main backgrounds: partially reconstructed B decays

— use isolation criteria (MVA) and/or T flight length

 Two tau decay modes being studied:
leptonic: T—uv, v,
— D*(*)uv, D*3mX, D*D(s)(*)X...

Experimentally challenging due to additional neutrino(s)

Find and fit distributions which differentiate signal and background.

T leptonic mode:

B°—>D;u+v template projections

700
600 F

500

L 1
300F
L1
200 1

100 -
i

o 1
400F 1

| ' S M
500 1000 1500 2000 2500

E;

G. Ciezarek, Mainz workshop \

5000 f
4000 f
3000 E
2000 E

1000 .
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Toy data (leptonic mode)

B rest frame
variables computed

with “boost
approximation”:

o

* B boost >> energy release in the decay
* Assume )/ﬁz,visible = }/ﬁz,total

e Use B flight direction to measure transverse

component of missing momentum
e ~18% resolution on B momentum

\

/

/ 80000F- o \
70000 DR MY
Example of templates 60000F. N
obtained with toy data 50000 B0 DX
40000F- .
30000 o~ L | BoD nv
20000? Comb. + Fake
G. Ciezarek, Mainz workshop 10000f-
oF
10000
- 250
40000F- -
35000F- s 200 .
30000F : -
250005 150  [TTTTTTto
20000E- -
15000E- 1001~
10000FE- - -
5000F- T el 50
0 Bt AT L w e SR ~ el w " - w L EEE RS NN XN T —
500 1000 1500 2000 2500 5 10
E. (MeV /c%) Q? (GeV / c?f
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Control samples (leptonic mode)

>

Get templates * with one or more tracks selected by isolation MVA,
directly from data. to get samples enriched in B— D **(D*m(rt))uv

Look for events: » with a track with loose kaon ID, to get a sample
enhanced in B—»>D*DX

/

\/

1200 - )
Example of templates for 1000~ o \
B—D**(D*m)uv obtained 222 20 DX
with tOy data 400 CB)(:ntI: +MF:1ke
G. Ciezarek, Mainz workshop 202 .......

o 5000 10000
Missing mass?® (MeV / ¢2

8000E
7000E
6000E
5000E
4000E
3000E

= L L 2000E
o) L s e bttt ~ - 1000 e - _
500 1000 1500 200 2500 R S sssessaces
E, (MeV /
w (MeV/c) Q? (GeV / c??
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