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Outline

o Il focuson |V |

- I'll cover some technicalities that apply also to |V |
measurements

e |ntroduction to LHCb

« Measurement of |V |/|V | with A, — p pv

* |solation, corrected mass and reconstruction of g2

« Issues with the ongoing measurement of B, — K pv

* Improvements on the kinematics reconstruction of
semileptonic decays

e Some future measurements
e Qutlook
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Heavy hadron b —u ser ,

« Semileptonic decays are clean channel from (qg = (Pf T pw)@ e, u*
theoretical point of view:

» Factorization of the hadronic and
leptonic current

M(B -7l 7)=—i— "V - L*H,

« Beauty hadrons decay allow to
extract the CKM parameters |V, |

and |V | with good precision

6%' 10_—| |'.|Ir |.I.:3.I?1I¢|:~.|1»1;:x1lc|"‘I | o l_;_l A;Er;gelﬂel"e;ﬂ;ﬂ;r | —
S oo | Parameter Value
> o —{'— _+__+_ - b] 0.421 +=0.012
r; - _+_—+— ] b; —0.396 + 0.032
@ A0 B by —0.622+0.126
5 0 Bo1mtfv AN E ’
N Prellmlnary HFAG2016 HLE Uncertainty on |V .| at 3.7% thanks to latest
D | L PR R :

0 5 STl 45" 20 25 improvements on lattice-QCD
¢*[Gev’]  Discrepancy with inclusive |V | at 30
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JINST 3 (2008) S08005

RICH1 & 2 TraCking SyStem B
Ap/p = 0.5% @ 5GeV/c ~
e(K — K) ~ 95% PIp =0.5% @ 5GeVie, o  a(bb)r-rev ~ 290ub
m— K m|S'|d ~5% ':il:'li"l'k : M4 :

e o(c€) ~ 20 x o (bd)

?'|-1il|:_'r'IL'!|

# L ARICH] P 1%
ik TT

High trigger

" efficiencies, low
momentum thresholds

For high-pT tracks

LHCb: forward spectrometer for flavor physics
Excellent tracking and vertexing capabilities.

Excellent PID performances 8=7Tov
Access to all hadrons with b- and c-quarks

Collected 3.0 fb-'in 2011-2012 @7,8 TeV
2.0 fb'in 2015+2016 @ 13 TeV
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How it was possible |V, . )

2 W
« /\, — p M Vv natural baryonic equivalent [q PE T ng )
to B — 1 p v: branching ratio is huge W2

« /\, produced copiously: almost 20% of
the b-hadrons in LHCb are A, baryons

* Protons production in other b-hadrons
are much smaller than pions: less
combinatoricthan B > T u v

\

« Normalize to Ay — A, (— pKTT)pv to

i S L R B ; cancel the uncertainties on

< 0sh (a) LHICH 3 iri -
- - rigger/selection and on f
07k JHEP08(2014)143 - 99 Ab

B(Ab — pﬂl/)4/ Signal
B(Ab — ACPJV)‘\Normalization

Re::cp —

“E { « Convert the ratio to a measurement of
Vsl /[Vaa

p. [GeV/c] \\ /
:




Theory input

MNp—=pu oy

1
10
g2 (GeV?Y)
3.0 - - -

]
20

i

/ ///// old et al. PRD92(2015)034503

Most recent calculation based on

2+1 L-QCD calculation using RBC
& UKQCD configurations

The most reliable theory
predictions of the ratio of FF are

obtained for:
« N\, > A pv g%>7 GeV?

« N\, —>ppv g2>15GeV?

|Vub| . Remp
2 e 3 ’ | I/cb | Rtheory
dmax di(Ag—~pp~ vy) /| V Ed' 2
N2 ) ub| q
Reheory = 2 CVH/ < N — 1.471 + 0.095(stat) + 0.109(syst)
Dmax dir (Ap—=Acp I“'.LL}/|V |2d 2
7 GeV2/ch dq? cb|~dq
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4.9 % of total theoretical
uncertainty on |[Vub/Vcb|
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Nature Phys.11(2015)743

- A, — p WV has no other tracks sharing secondary vertex

« Many of the A, — A, (— pX)uv backgrounds do

Excellent PID
" allows clean p
Slgnﬁl é BaCkg rou_nd _ﬁ,&: identification
Xp o Xp oo

 Required an isolated proton-muon vertex

* A multivariate classifier to distinguish between these two
configurations

« Powerful tool to reduce background from other b-hadrons: 90%
rejection & 80% efficiency

 very difficult to isolate against neutral particles: main backgrounds

CKM 2016
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Ab — puv : corrected ma / Nature Phys.11(2015)743

« No constraint from beam energy as at B-Factories

« Flight vector between primary collision point and secondary decay
point gives a different constraint

TR
‘ EPJ_
_ 2 i
Mcorr—\/pJ__FMS“_}_pJ_ ):k
:
{PL
-~ |
Vel v
» The corrected mass peak at Aymass  *!“F' Lucb simulation ;
when a neutrino is lost but has long ~ *"*f Ty o :
tail to lower values ME viewen :
_ _ 0085 A uv high 6,0 g
- Separation between signal and 0.06 |
backgrounds improves when 00k ;
requiring low uncertainty 00k :
corrected mass = e " =
3000 4000 5000 6000

Corrected mass [MeV/c?]
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The g% dependence )
- The knowledge of the A, momentum is E g:
needed to measure g2 % 51
. . . . . Q: 4-
* Hypothesis of just 1-neutrino missing ot 3t
and the well-measured A, flight Tt
direction gives the momentum with a 2- a
fold ambiguity, P, and P. [ mm——— .
12 -1 -08 06 -04 02 02 04
(PP ) Pre
B— X, UV I X « Requiring both g2 from the two
| = e solution above 15 GeV?
k !-B 20 o
80 f—
- LHCb simulation
__TOF
§ = ¥ Both solutions ¥
g 60 E_ One solution _'__'_
S 50| -
s F v
S 40 — -
Boosted frame v i— Nature Phys. Y-
oE 11(2015)743
DS BECERMMAT r15. Izlcrl
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Nature Phys.11(2015)743

Signal N=17687 £ 733 Normalization N=34255 = 571
2S 2 2>7 GeV?
E‘T 18000 T T T T T T T |q T ?5|Glev_l ?4-000 T T T T [ [ 'q T T ' | T
& [ I Combinatoril LHCb § = [ LHCb
> 15000 - =E.Fﬂ;“i5“ﬁ“‘ 1 2 [ A~
> - Auv 2 3000 - z1:+y_v
120000 maly ER=" B Combinatorial
— N Nuv ~ I
£ 9000~ MEpuV "7 2000
= - = !
) L ]
= 6000 L 2 [
= : 2 1000}
O 3000 S f
L

4000 | _ | 5000 4000 4500 5000 5500
Corrected pu~ mass [MeV/c?] Corrected pK a*u” mass [MeV/c?]

Systematics dominated by

[ Rexp = 1.00 £ 0.04(stat) + 0.08(syst) ] BF (A, — pKm), trigger and

tracking efficiency
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Nature Phys.11(2015)743

Updated |V /V | measur

D

« LHCDb input updated with the new BF(A, — p K )

I =pK—w™ (6.46 £ 0.24)% HFAG Fit
Bell 6.84 +0.241T2-21)9 About 20
= ( ~or)% 1l difference
BESIII (5.84 +£0.27 £ 0.23)% |2 _
Published
Table 1| Summary of systematic uncertainties. ReXp =(1.00 £ 0.04 £ 0.07) x 102
Source Relative uncertainty (%) IVip / Vepl = 0.083 £0.004,,, £ 0.004
B(AF —pktn™) tg; »1'3.7%
Trigger 3.2 Rescaled
Tracking 3.0
AT selection efficiency 3.0 Rexp =(0.95 + 0.04 + 0.07) x 102
Ap — N*w"V shapes 23 V., /V_|=0.080+0.004, +0.004
AD lifetime 15 Vun / Vel exp il
Isolation 1.4 _ _
Form factor 10 . Domlrrsa.tet('j by systematics and theory
f‘lE’ kinematics 05 uncertainties
g% migration 0.4 * |t will be crucial to have more
PID 0.2 calculations
Total 75w +7.3% « possible improvements?

M.Rotondo CKM 2016r// 11



« Including the exclusive determinations in a |V ,|-|V |
(A. Kronfeld's plot)

Inclusive determinations

r— [ LA A A A L LA
% 5__ e B 5 D* |y - |Vub|: GGOU
o a—+ IV |: global fit with kinetic scheme
= |
2 B [ ] Average 68% C.L. _
B [ Average Ay’=1 ]
A 7
E 1 ™
35 — o P(IVyplIVl)=+0.14
I 1« |V, |=(3.55+0.12) x 102
'F m_ . |V, |=(39.16 + 0.58) x 102
: Summer 2016 \ /
25 — | | | P(f]=?.4% _ .
3'4 T T w4 34%uncertainty on |V, |
v | [10°]  Including LHCb measurement
C
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RH currents ~ Nature Phys.11(2015)743

» The right-handed current model could explain the historical difference
between inclusive and exclusive |Vub|

« The Ay — p p v has also contribution from axial vector current: different
dependence on the RH current

8
- region preferred B nclusive

7 — by inclusive ST a . . h
 andB o T pv B A, > puv (LHC) The inclusion of

. LHCb does not
[ Combined support a significant
\RH contribution

“0.4 0.2 0.0 0.2 0.4
(not updated inputs) R
M.Rotondo CKM 2016 p 13




- B, — Kp v is the natural candidate for the
next measurement

. Huge B, production: ~14% K-
of the b-hadrons
[ = PRD85(2012) 032008
2<n<3
0.2 |- -
<[k }_“_ 2« Form fact b ted with
& ——— orm factors can be computed wi
s s - high accuracy (next slide =)
I . 1 Dangerous background from
0 5 10 |
P, (charm + p) (GeV) _ BS N K*IJ+ V, W|th K*—>K"ITO
— +0.011
fol (fut fa) = 0134 £ 00055 - It has to be fitted together with
. At Belle-Il this channel has to the signal
wait for the run at Y(5S) - Interesting by itself Phys. Rev.

D 92 034013 (2015)
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B, — Ky v form factorSEu

- B,—K golden channel for |V ,|: doesn't need extrapolation to spectator-

0.5

quark physical mass
1 B —muv .
RBC-UKQCD(2015) 5 04 1 By—Kuv
........ S T R :‘z 4
+ I chiral-continuum extrapolation e 0.3 —
mm lattice-scale uncertainty 18 =
mm renormalization factor e
mm HQ discretization errors = 0.2 _]
LQ and gluon discretization errors 14 L—G
g other systematics = b
= e = 0.1 —
*_ 150 12 g
<] =
5 o [ RBC-UKQCD(2015)

5 10 15

50 8 q* [GeV?]
6
4 —
- =—— 77— t'?}. 0.8 I I I I I
5}
18 20 22 24 26 e 07 F HPQCD(2014) T
q° [GeV?] -
! e 0.6 -
120 B.K M statisfics = :: : _
+ mm chiral-continuum extrapolation ;E,f‘ 05
1004 . Iathce—scfile Iuncertamty 10 T 04| -
mm renormalization factor o
1 mm HQ discretization errors — 03 -
— 80 LQ and gluon discrefization errors — Sl
&2 other systematics & Z o2} ]
- 5 S
<} E g 01 =]
& w =
S 1 1 1 1 1

0.0
0

g [GeV]

Other calculations ongoing ALPHA, MILC/FNAL

q* [GeV?]
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B.— Kuv@ LHCb

« Comparison with Ay, = puv

S. Stefkova @ ICHEP

Decay A, — pp~ v B - K utv
Production fraction 20% 14%
Branching fraction 4 x 10™* 1x10~%

Source of backgrounds AF Ar, D° DT, Ds
B(X.) error HFAG16 | +3.7%(biggest systematic!) +3.9%
Theory error FF 5% < 5%
Normalization channel A — ANfpv B - D_putv

Backgrounds in the normalization channel for the B_: more difficult to fight

B(Ap = Acpv)

6.2% First excited D, decays mainly in neutrals:

B(Ap = Aepv X)) 10.27% - standard isolation tools does not work

B(Bs — Dgspv)

2.4% - rely on kinematics and the ECL

B(B, = D,uvX) ~ 81%

« Same trick used for A, — p p v (both g2

solution > 15 GeV?) or a differential
measurement?

16



Improve kinematic resolutio

« Can we get useful estimation of the b-momentum without using the
momentum of the b-decay products?

|F| Magnitude of the fligh
vector

Other b and/or
rest of the event

g

Polar angle of the flight
[ eﬂight J J

to the impact on the

decay vertex resolution

Residual bias due
vector ]

M.Rotondo CKM 2016
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P~ Pr <apprOX|mat|o> P Mb|F|
sin Gﬂight

Apply|F|> 3mm
0 T 400

of e | T T e

00 2 300 GIiIIIIiIniiiiiiiiiiiiiIiiIiiiiiiIiiiiiiiiiy

m| L SN el [

200+ hmm e s R e ama e ma i me e o LTIl

P [GeV]
P [GeV]

: S0 fiifiiiiiiiiETIIG
mo-Eééésssésééééésaé%ﬂ“’a'C'or're'l'a'tron" ISR E ¥
o B U 100 F gggggggggsasssas:ﬁSO% cerrelation

so | (AEEEEE wrth momentu B EHHE
%EE%????EE?:?@: ------------------ >0 EE%E???:__ \A/th] rTl()fT1EET1tlJrT1
0 10 20 30 4 30 6 70 8 9::) 100 0L ——i

1;’5.111({-}ﬂJ ght)

0 5 10 15 7{) 25 3{] 35 4{] 45 50
Flight length [mm]

e Study performed with Pythia: pp->beauty at 7, 13 and 100TeV
« Case study: B, —> KM pv/DXpv

- Vertex quantities smeared with the LHCb VELO resolution

s



Unbiased momentum recor

 How to exploit these features and some practical applications

P. - [GeV]

e Arxiv:1611.08522 G.Ciezarek, A.Lupato, MR, M.Vesterinen

1) Usingyy,
2) |F| & fm‘m

nuouunuunllll [ ]
so0000000coaw= - -
0000000000 N Do
so000000000ccoo
oo0d000d000oooooo s
odOOQOOO0QpDO0OOOOOO
-esl000000O0cmo®
|

50 100 150 200 250 300 350 400
P, [GeV]
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Modest momentum estimate
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Application to semileptonic ArXiv:1611.08522

« 2-fold ambiguity in the neutrino momentum reconstruction

« Resolution of P, ; is enough to improve the chance to choose the right P, .
solution over random choice B, — K*) p v

100

' ' ' ' 100 T T T . . T . T T T
— i «P° _ _ .
= = 2| Small impact due to the selection
& ssl £ .| (standard selection)
= sof 2 s}
g T5+ ‘E‘L: 75 |
E 70 % 70}
ks o1 - - T * ”; 651 - No cuts
% 60 - i 60 -+ Pp cuts
(& 550 o 551 —-—P,p:J] cuts
03 22242628 3 32 3:4“3.'6 38 4 42444648 5 T2 1 e s 10 12 21'4 16 18 20 22
A2 [aV=1
wl e B. > Ku\
. . . . 2 90 - ° — MV
Application in dI'/dgs measurements ol s _
. . . . . —_ —&— ® i
 Bin purl'lty as figure _of merit: fraction % ZE+ - . o —— ° o
of candidates for which the reco-g?> £ 5| ~—o— o o000~ ©
falls in the same true-g2 bin = 4ot
/| L
22 | —@— Best (7 bins)
10 F ——— Random (7 bins)
0]

1] 2 4 6 8 1|0 1I221|4 1I6 1|8 2:{] 2I2
M.Rotondo CK q2 [GeV?]




Other usage: oscillation:

« Large impact on the oscillation
measurements with SL decays B.—D_pv

et o

F[D.-_:_”Jr:t] - F[D:ﬂ_:ﬂ

C[Dyp*,t]+ T[Dfp=t]

ag  |ag+24p cos( A M;t)
2 2 cosh(AT'st/2)

[%]

Am:i:
t

Rate of correct solution depends on the
asymmetry between the two solutions

i

Decays
-y 5 oEHEELE3EER

mx

60 -

55+

SD 1 1 1 1 1 1 1 1 1 1 1 1

0 0050101502025030350404505055006 065
Ay
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S 80
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Decays
- ¢ & eBEEIEaEEEE

3 5 3

A
3

¥

o 05 1 15 2 25 3
Decay time [ps]

ArXiv:1611.08522
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350 P

300

250 F

200

150

100

a0

N, from 2, challenge from the many

_

1€ |
Additional constraints if the heavy meson comes from a narrow resonance
« Sheldon, Zhang Adv.HEP 2014, 9312571

ok

* + -
o B82 — B*K
E . Nu E R A N L N R L IIIII"'E
T Av Zb*—> /\bTI' %40005_ LHCb H q
- @ s 30 JINST 11 (2016) ~4K/fb E
; w bttt it [ S 3000F Po5010 | E
= : nyf " = 10 3
E + TRIRIERL S250E B, — B*K 5
T o S 2000F E
- 3 - .
. 1500 F A
— E =
CDF 5 1000
PRD85,092011(2012) O 5ok
0 002 008 009 0412 015 018 0.21 DU 50 100

Q(E, —+Ax) [GeVic?] Q [MeV/c?]
Narrow well separated resonances
and clean signature due to the Kaon.

overlapping states It allows to study B, decays
Promising but we still need to fully * B*ommpv
exploit these techniques « Bt S KKpv

M.Rotondo CKM2016 22



Other SL decays...
o~ 18000 ———————— E—
_::; - [ Combinatorial LHCb .
= 15000 - -Epﬁs'idmdﬁ‘?d preliminary
< B Bl Dpuv .
12000

2 9000f

E -

= 6000F

g

O 3000

 Large contribution from A — N* yv

2000
Corrected pu~ mass [MeV/c?]

5000

« ReconstructingN —-p 1

./'
—~4000 ——————————
P LHCD prelimmary
% Ay
S 3000~ Ay
% .
2 2000
8 [
o~
2 [
= 1000 -
3 [
O
O_ 1 | ] |
4000 4500 5000 5500

Corrected pK m*u mass [MeV/c?]

e Study explicitly the contributions from
N—NS UV

« Reduce uncertainty due to N* states in « Adding 2 pions (BF(A;* — A, " )=67%)

A, — pMv now included with a Gaussian

constraints

 Could be crucial in the study of
backgrounds in A, — ptv

M.Rotondo CKM 2016// g3

e Crucial to understand these background
in the study of A, — A_tv



_B,— D" v

« The D.* got down feed only from

Ds1 ’
mainly through DK channels

2.5

~~

>

hlgher order resonances decay & ® 2.6

n

7))
 Excited D" states are well separated © 2.4

=

 The states belowe the DK threshold

can be studied explicitly

reconstructing the soft ¥ and y

« To extract |V, | a proper
normalization is required

Lk

2

J\/

I | L]

J¥ Mass (MeV) Width (MeV) Observed decays
D*, 0t 2317.84+0.6 < 3.8 DY
D!, 1T 2459.5 4+ 0.6 < 3.5 D % DF~, DI ntw
Ds1 11t 2535.28 + 0.20 < 2.5 D*tK°® DK+
D*, 2% 2572.6+0.9 20 + 5 DK™

'__ D, =
] - D*K
s 5: DK
I ®
k >
- D,
e o
| | I
02 12 0O0* 1+ 2+ 32
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RICH detectors Muon system
L S 2 U p g ra d e VErtex LOcator new photon detectors (SiPM) new off-detecor

new (silicon pixels) improve RICH1 optics electronics

LHCC-I-018

40 MHz readout
5 X higher luminosity

LHCb

Run 1 3
Run 2 10 interaction

point
Run 3 25
Run 4 50 Tracking system Calorimeters

new (silicon strips, scintillating fibres) new readout electronics
Run 5 300
LHCb Upgrade ————
— HL LHC —m—m———
2021 2024 2027 2030 2031 2034 2035

I Phase 1 I ‘ Phase 1b\ ‘ Phase 2 I

M.Rotondo CKM 2016r// 25




Outlook

« Better understanding of the SL decays in many b-hadrons are crucial to
extract [V |, [V, | and study semitauonic B decays

« The present A ,.—p p v and the next ongoing analysis will be dominated by

the systematic uncertainties. But still the huge statistics available with the
upgraded detector will allow to design the cuts to reduce most of the
systematics.

 The systematics due to the normalization channels will continue to require
external inputs

« For |V | measurements, with much larger statistics, windows for other

channels can be exploited
« B — 1vVvisnotpossible at LHCb

B—pppv

-lli_\\'-

* A virtual photon in a couple of muons
overcomes the helicity suppression and add a
good experimental signature

e BF Is predicted ~ 108
 FF calculation are needed JHEP 1609 (2016) 159
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Events/(2GeV?2)

« Crucial to perform the measurements in bins of g2

PRD85 (2012) 032008

LHCb paper on Bs and
Lb production

« SL decays as a function of the g2 already studied with only 3pb-' (high efficient trigger)

 Need further studies to translate in measurements of the Form Factors

° BS —> DS(*)

800 LHCb ,
700 Vs = 7 TeV Data —] ;.-..-
600 -»- data i
500 = R ; ;
400 -D, T 3
300 P rT -
200 -- background ;T E
'\ =
100 ' 2
wwat
0 =t =
-10 -5 0

Crude assumptions on the FFs and
on the D.*/D, and A_*/A_ rates

X EREERER

50

e« Ny—=NASUv

s ) | 1 | L
__ LHCb _
Vs =7TeV
- A+ (2595)
- A+ (2625)
-- background
.IIIII"““r““LIllll_
= YRITLREEN Y . ri '1:“
IIIII I I ) I I
0 4 6 8 10 12

28



J¥ Mass (MeV) Width (MeV) Observed decays

D§ 0t 23524 50 261 + 50 D

Di 1T 2427436 3841158 D*r

Dy 17 24213406 27.1+27  D*x, D%t o~
D3 27 24626 +0.7 49.0+1.4 D*m, Dx

M.Rotondo CKM 2016

79




Candidates / (4 MeV)

Composition of SL decays/

 Narrow states at higher masses
* Predicted radial excitations

 He D* helicity angles allow to
disentangle the various states

Inclusive excited charm production

[ LHCb
[ (a) D (2420)’

dN/d(cost,))

.

- LHCb ]
- () D;(2460]E' .

15000

20000 %
= 10000 |
NP
g
=
o
10000 E 5000 |
0
2200

m(D 1) [MeV]

M.Rotondo
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2666 |

m(D ) [MeV]
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