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Outline

© Lecture

+ CKM Mechanism
* How to measure CKM matrix elements in general?

® Lecture Today: How to measure CKM matrix elements in B-decays?
+ Differences between B-factories and Hadron colliders
* | Vool
Vub|
@® Lecture: Specific LHCb measurements
* Np — puv
« B—= K uty,
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Introduction

Recap of the first two lectures

Why is | Vyp| important?

* Quarks change their flavour in the SM by the emission of a
W-Boson

* The rate is proportional to the coupling strength | V|2

* These 9 different couplings form the CKM matrix:

Ve Vus Vb 0.02% 0.3% 12%
Vo= | Vea Ves Ve |, 500 = | 4% 2% 2% [PDG 2014]

v,
Vie Vis Vb Vorm 7% 7% 3%

— | Vup| is least well known element of the CKM matrix
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Introduction

Recap of the first two lectures

CKM unitarity

* In the SM the CKM matrix is unitary

* Leads to several unitarity
equations, e.g.:

T T
€

‘Summer 14

solwi'cos <0
(exchatCL > 0.95)

excluded area has CL > 0.95

Vg VJb Ved Vc*b Vig VIZ
=0
VeaVy T VegViy T VgV

¢ Precision limited by magnitude and
phase of | V|

— If it is no triangle — New
Physics
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Introduction

Recap of the first two lectures

Measuring |Vp|

* | Vup| measured using (semi-)leptonic decays d/s
* 3 different strategies: 70
* exclusive: semileptonic decays such as dfs
B 5 nti—o Vb
* inclusive: all semileptonic B — X/~ v b u
transitions
* measure pure leptonic decay Bt — v w= -

° Fdell_ctorise electroweak and strong parts of the decay:
o o GE| Va1 (¢P)

— Semileptonic decays rely on non-perturbative FF

calculations from LQCD or QCD sum rules

. Braun (Heidelberg University) February 7, 2018



Introduction

Recap of the first two lectures

Hadron colliders

Advantages
* large production cross section of beauty quarks: o(pp — bBX) =284+20+49ubat7 TeV
* Millions of B candidates available, all b-hadrons produced: B°, BT, Bs, B;, Ap, ...
* Excellent vertex separation, tracking and PID systems

Disadvantages

° but dirty environment: many other particles produced in pp collisions
— No possibility to use beam energy constraints

* No kinematic constraints from other (tagging) B, also b-hadron production fractions poorly
known

° unknown initial state which makes reconstruction of neutrino challenging

* must trigger on specific exclusive decay modes and typically charged hadrons in final state
— no inclusive measurements possible, hard to reconstruct neutrals
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Introduction

The | V5| puzzle - Status of 2014

. . PDG Exclusive Inclusive
* Discrepancy between exclusive vs. version . : .
inclusive measurement:
2004
excl.: (3.28 4 0.29) x 1073 [PDG 2014] 2006 ‘
oAl - 0.15 -
incl.: (414 £0.157%72) x 1073 2008
- 2010 —_— e
— ~30 deviation
* Leptonic measurements not precise 2012 T
enough, favours inclusive results 2014 —_— —_—
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
— More precise measurements needed 0.003 0.004 0.0?5
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Introduction

The | V| puzzle - Tension be due to New Physics?

Idea: add right-handed charged current to SM [Phys. Rev. D 90, 094003 (2014)]

Lot = _3? VE Uy PLb + eplyu PRb) (5. PLI) + h.c.

* B — wlvis purely a vector current whereas B — X,/v is a V-A
* Adding right-handed current (V+A), increases vector current V — (1 + eg)V
but decreases axial-vector current A — (1 — eg)A
R oy
4 B =¥ B - X, /v |HFAG BLNP

I B-rtv |HFAG
-—-B-nxlv |HFAG avg. w/

Va1 x 10°
w

-

k1=

Standard Model — q
TR I T
-04 -03 -02 -01 0 01 02 03
€r

=- negative right-handed can reduce tension between inclusive and
exclusive result

= new measurement with different sensitivity needed
S. Braun (Heidelberg University)
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.094003

Introduction

s it possible to measure | V| at LHCb ?

* Long thought that measuring | V| is impossible at hadron colliders
* Lack the beam energy constraints of eT e~ colliders

It is particularly important to stress that many of ’ ’
the measurements that constitute the primary physics motivation for Super B cannot be
performed in the hadronic environment. For example, modes with missing energy, such
as BT — (*y, and BT — K'vp, measurements of the CKM matrix elements |V,;| and
|[Vio|, and inclusive analyses of processes such as b — s7 are unique to SuperB.

CDR, SuperB factory, arXiv 0709.0451

LHCb Detector
Weight: 5.0600 tonnes

Height : 10 m
Length: 20 m
RICH1 I—Tx LHCb
Vert
Wi * forward spectrometer
covering pseudorapidity
2<n<5

* 26 x 10'° pb pairs

Tracker | RICH2
Turicensis Muon
Dipole Tracking Hadron Chambers

Magnet Calorimeter

Stations
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First LHCb measurement on exclusive
No — pp v,
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|Vyp| at LHCb

Experimental Challenge at LHCb

* Missing neutrino momentum — B not fully reconstructed

* Generally affected by much higher (x10) Xp — Xcpv backgrounds

* "Golden channel" B® — =/~ suffers from high pion background at LHC
BUT: use Ap — ppu~ vy

* Excellent i and p PID at LHCb from RICH/Muon

systems Ay p
* precision vertexing and tracking used b Vs u
— displaced pu vertex as signature in detector
* High production fraction of Ap: ~20% of b-hadrons W '
[JHEP08(2014)143]
= 0 T T T Uy
“\.08E  (a) LHCh (

07k
0.6EN
05
04
03
02
0.1

0

L L L
10 20 30 4
Py [GeVie]
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https://link.springer.com/content/pdf/10.1007%2FJHEP08%282014%29143.pdf

|Vyp| at LHCb

Analysis strategy

* 2012 Dataset (~2fb~")

* Normalise signal yield to a | V| decay: Ap — Af = vy,
* cancels many systematic uncertainties
* especially the production rate of A, baryons

* Improved FF calculations from theory for Ay — pp~ v, and Ap — /\j;fu,t in high g2 region
— there FF calculations from theory are most precise

Ny —pu oy A= Aep oy

(ps™ GeV7?)

(ps! GeV?)

dr/dg?
dr/dg?
[Veol?

5 10 15 20
¢* (GeV?)

7 (GeV?)

[Phys. Rev. D 92, 034503 (2015)]
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.034503

|Vyp| at LHCb

How to extract | Vyp| ?

B(Ap — pp~vy)
B(Ao — NEpv,)

experimental measurement

‘Vub|2
|Vcb|2

= RFF X
~—

theoretical calculations

* Reduce systematic uncertainties by restricting measurement to g% > 15(7) Gev?
— LQCD here most precise

(No=Pr™ Vi) g2 5 15 geve

L] R —
= oA o)

= 0.68 & 0.07 [Phys. Rev. D 92, 034503 (2015)]

¢2>7GeV?2

— 5% uncertainty on | V| from theory
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.034503

|Vyp| at LHCb

Analysis strategy

B(Ab—=pPu” Vi) s i5geve N(Ap—pp” vy) (M= (A —pK ™ n )" vy)
B(Ay— (N p=v) oo rgeve  NAb—(AE —pK—mH)n= 1) e(Np—pu~vp)
xB(A — pK—=t)

° Determine yields of Ap — pu~ v, and Ap — A — PK= 7 )" vy
* Estimate relative experimental efficiency with high precision
* Use B(AZ — pK—nt) from Belle [PRL 113,042002(2014)]

* eventough Ap — pu~ v, is supressed, not rare:

* expect 500,000 signal decays after trigger and pre-selection
* Only need ~10000 to get good enough statistical uncertainty
— very tight selection to control background and systematic effects
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.042002

|Vyp| at LHCb

Selection

Nature Physics 10 (2015) 1038
Main bkg comes from | V| decays:

* Charm has significant lifetime: cut on vertex quality
* apply tight PID cuts on the proton

* Dedicated MVA classifier used to remove backgrounds with additional charged tracks that
vertex with pu candidate
— track isolation: 90% rejection with 80% efficiency

signal background

* Very difficult to isolate against neutral particles
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http://www.nature.com/nphys/journal/v11/n9/full/nphys3415.html

|Vyp| at LHCb

Selection

Nature Physics 10 (2015) 1038

= 9 ‘ ‘ T
* Difficult to calculate g? with missing neutrino S gob LHCbsmulation s
* Use pointing and A, mass constraints to solve for g2 up to a g 7OF , poth solutions R
two-fold ambiguity S :’ « one solution A
T SO o
* Correct solution has a resolution of 1 GeV? /c* whereas S 4of <
incorrect is 4GeV? /c* T aof . 3
* Require both solutions to full fill > g2, to minimise migration Ej ig: N 3
from low g° . g .
0 5 10 15 20
g2 [GeVcA
* reconstruct additional tracks to determine background yields:
‘{)\\5000_ T T T E ‘\’Q\ 120 T T T T %\\ 100 T T
3 soook. LHCb 1 3 10 LHCb > aof LHOP
Z w0 Z w0
Lot 18w °
8 2000F E § a0l b : g “
B 000k EI A Hﬁj}ﬁﬁ}ﬁ PR g
2 e = M S S 2 M i 4.
o Boo 2100 2200 2300 a0 5 oo 2100 2200 2300 2400 2500 (5 oo 1800 1900 200
pK 7T mass[Mev/ic]  © pKE mass [MeV/c’] K 77 mass [MeV/c?]
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http://www.nature.com/nphys/journal/v11/n9/full/nphys3415.html

|Vyp| at LHCb

Selection

* Corrected mass resolution ~10 times worse than for fully
reconstructed decays

* Uncertainty dominated by resolution of PV and Ap, vertex

* Calculate uncertainty for each event and reject candidates if
Tmeor > 100 MeV/c? (~23% survive) to increase separation
to background in signal fit

* Fit to corrected mass
Mcorr = 1/m,2m+p2l +pi,h=p,Ac
— peaks at Ap mass if only neutrino is missing

S. Braun (Heidelberg University) | Vb |

Nature Physics 10 (2015) 1038
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http://www.nature.com/nphys/journal/v11/n9/full/nphys3415.html

|Vyp| at LHCb

Extracting Yields

Nature Physics 10 (2015) 1038
template fit is performed for signal and normalisation separately:

& s o T <~4000 T T
O mbinatori o [

S Mis-identified LHCb ; [ LH(;b

D (] I WA

s = 3000~ AT

R %) [ I Combinatorial
7 7 20001

8 8

= ko] r

= h=i r

2 2 1000

3 8 I

] O r

4000 . 5000 4500 5000 5500
Corrected pu~ mass [MeV/c?] Corrected pK “77* i~ mass [MeV/c?]

N(Ap — pu~1v,) = 17687 + 733 N(Ap = (A = pK— 7+ )~ v,,) = 34255 + 571

— First observation of the decay Ap, — pu~ vy

— Separate ground state and excited modes from fit to corrected mass in normalisation channel
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http://www.nature.com/nphys/journal/v11/n9/full/nphys3415.html

|Vyp| at LHCb

Relative efficiencies

Nature Physics 10 (2015) 1038
* Relative efficiency determined from simulation

* Difference between data and simulation calculated from control sample with data-driven
corrections

e(Ap — pp~vy)

=3.52+0.20
(Ao = (N = pK—mH)pu—vy)

* Main differences in efficiency due to:

* Two extra tracks for normalisation
* Vertex efficiency (A¢ lifetime)
* Corrected mass error cut on signal

* Uncertainty of ratio is dominated by systematic uncertainties
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|Vyp| at LHCb

Systematic uncertainties

Nature Physics 10 (2015) 1038

* Dominated by B(AZ — pK— ) from Belle Source Relative uncertainty (%)
[PRL 113,042002(2014)] B(AF — pKtn™) e
* Trigger uncertainties can be further reduced ~ Trigger 3.2
— size of control sample in data Tracking 3.0
* Tracking uncertainties dominated by AF selection efficiency 3.0
material interaction of kaon and 7 AY = N*u~7, shapes 2.3

b

* Al — pK—rt selection efficiency from Ay hﬂ?“me L5
knowledge on its Dalitz structure Isolation 14
* Fit systematic dominated by form factors of igrgnfiit;é“ (1)9
Ap — N*u~ v, decays Sy Knematies -
b o Y ¢* migration 0.4
PID 0.2
Total s
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|Vyp| at LHCb

Results |

Nature Physics 10 (2015) 1038

* Measure the relative branching fraction:

B(A -
ohu_ Vil 15 Gev? (100 4 0.04(stat) + 0.08(syst)) x 10—2

E—
BAb—A 1™ vp) 257 geve

2
Vsl with Rer = 0.68 4 0.07 [Phys. Rev. D 92, 034503

. : B(Apb—=pu”"vy) _
Including B(ADHA&F;‘“) = RrF X Vo2
(2015)] gives

V,
[Vu| = 0.083 + 0.004(exp.) £ 0.004(theo.) (1)

* Use world average for exclusive | Vgp| = (39.5 £ 0.8) x 10~2 measurements [PDG 2014]

exclusive |V, p| LHCb result
|Vius| = (8.27 £ 0.15(exp.) & 0.16(theo.) & 0.06(| Vgp|)) x 103

February 7, 2018 21/37
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http://www.nature.com/nphys/journal/v11/n9/full/nphys3415.html
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| V| at LHCb

Resulis Il

Nature Physics 10 (2015) 1038
* LHCb is 3.50 away from inclusive measurement of | V|
* Consistent with other exclusive measurements

S 6
. PDG —
Inclusive T oo %
e
e . PDG 2014 >3
; RBC/UKQCD =
Eé(cu;dsve ———— prys B B S Oras10
(B-1iv) ENAL/MIL

C
Phys. Rev. D 92, 014024

HC Detmold, Lehner, Meinel

% —_—— (using RBC/UKQCD config)
N

(No—prv) Phys. Rev. D 92, 034503

O.OIO3 0.0I035 0.604 0.0(I)45 0.005 42 44
Vs | Vel % 10°
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|Vyp| at LHCb

Results Il

Nature Physics 10 (2015) 1038
* | V| measurement depends on possible right-handed current in SM
[Phys. Rev. D 81, 031301 (2010)]

* Previously exclusive/inclusive discrepancy suggested significant right-handed coupling fraction
(er) — solution to | V| puzzle?

8

I T ‘é 8 T i ' ‘I \
i BN B - X, v | HFAG BLNP 7 inclusive
7 I B-r1v |HFAG x [ B -7
r —--B-nxlv |HFAG avg. w/ o= I A, puv (LHCb)
w O > 6 57 combined
9 | —_—
X5 5
d.:
= 4
_ 3
3 Standard Model - &
T I IR R P I R B -
Z04 03 02 01 0 01 02 03 4 e
R
€r

[Phys. Rev. D 90, 094003 (2014)]
— LHCb results does not support that
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|Vyp| at LHCb

exclusive |Vl
0 —+
Bs — K pu'y,
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|Vyp| at LHCb

Introduction

« first | V,p| measurement from a BY decay
- B — K~ pv, has been never measured before
- comparison with A) — pp~u,:

Decay Ao — pp~ vy, B — K utu,
Production fraction 20% 10%
Branching fraction 4x 104 1x 10~* (expected)

Source of backgrounds AE A, Ds, DT, D,...
B(X;) error 3.72% 3.9%
Form factor error 5% ~3%

+ expect smaller FF uncertainties

+ many more challenging bkgs
= clearly more difficult due to many more contributing bkgs, but
might have better ultimate precision
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|Vyp| at LHCb

B2 — K~ v, Form factor calculations

« Form factor calculations available from Lattice for g° > 12 GeV?

+ Flynn et al. Phys. Rev. D 91, 074510 (2015)
+ Bouchard et al., Phys. Rev. D 90, 054506 (2014)

« LCSR predictions at low g°: arXiv 1703.04765
- perform measurements in both g2 bin

0.5 - I T e e O L
T 0.8 T T T T T
T ] B—muv A
04 i 1 B,—Kuv 0.7 = -1
i ]
] 0.6 [~ .
03 . 05

0.4

02
0.3

IVl 2 dl/dg? [ps'GeV?]

0.1 02

0.1

Vo,l? 2 P
Vo dI7dg® ( By—Kuv) [ps”' Gev™]

0.0
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.91.074510
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|Vyp| at LHCb

Analysis Strategy

- normalise wrt. |Vqp| decay mode: B — Dg pitv,
— very well understood

- use full Run-I statistics: 3fb~"

* look for displaced K vertex

+ apply tight PID constraints to select K and suppress high ©
background

+ remove background with add. charged tracks with isolation variables

54
B § Vb K*
b u )
1
W .
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|Vyp| at LHCb

Main Backgrounds to B — K~ u' v,

* partially reconstructed background with additional charged track(s):
Bt — J/yK*, BY — J/YK**, Bs — J /¢, Bs — Dspv, By — puv, ...
— use charge track isolation tools — isolation BDT

° additional neutral particles from higher excited modes:

BY — K* vy, BY = K3 pvy,, B — K*(1430) vy
— use neutral isolation tools: dedicated 79 reconstruction to veto K* candidates

SignalMC_Bs_MCORR

* combinatorial bkg: use SS data as a

%007 Fr——Sgmamo B wioomw
rOX s E Bu2JpsiKplusMC_Bs_MCORR Entries 57627
o] Yy 2 [ Bu2JpsikstarMC_Bs MCORR Mean 4810
. . . Zo.06] inclb_ALL Bs_MCORR SdDev 5022
trained dedicated BDT against SS 5 | —— Be-tpsis ucorn
& 0| b ommana b2 com
sample B008 5 T B ookt 5 tioonn
El = 5 iiaomun 5o wcorm
0.04
* miss-ID bkg 003
0.02
0.01
L
é%oo 3000 3500 4000 4500

5000
B Corr. mass (MeV?)
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|Vyp| at LHCb

Charged Track Isolation

* Tool developed to compare every track in the event with the signal

candidate:
+ Search through every track in event
* Does the track originate from the same decay? (bad)
* Or is the track isolated? (good)

* isolation variables as output of tool:

000,

8000

7000,

6000,

5000

4000

3000

2000

1000

I L I L
1000 1500 2000 2500 3000 3500 4000 4500

m(r Track) Mev] app]y J/¢ veto

o

+ Train BDT to discriminate against charged backgrounds
+ Training variables include output of charged isolation tool, kinematics
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|Vyp| at LHCb

Neutral Isolation

+ Draw cones around track in AR

+ Search for hits in neutral calorimeters

« Reconstruct photons or 7°

- Veto event if high pion likelihood and m(K*7%) ~ m(K*)

-  —— I —
F Entries 63284 L r Entes 51351
ool S L U 53
el soo}— B -> K*0(1430) mu nu
3 B -> K¥* mu nu .

EEEEEE

L L L L L
2000 3000 2000 5000

— apply vetos on 79, K* and K*(1430) mass
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|Vyp| at LHCb

Signal Fit

o[ I BSKmuu

* perform binned template fit to corrected Bs
=

mass

I Barhomunu
B Bdpimunu

0| g Bsk2stmuny
B BsK1430muny

* templates from MC, constrained from data
* not yet all possible backgrounds included
* so far gives ~ 10000 signal events per bin
* needs to be finalised and validated

Eyenis / (47.83 Mey )

B23psiK

4000 4500 5000
Bs Corr. mass (MeV)

venjs /(4783 eV

g

[ BsJpsiphi
B2Jpsik B2JpsiK

Ao 3000 3500 4000 4500 5000 4000 4500 5000
55 Corr mass (Me) Bs Corr mass (M
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|Vyp| at LHCb

B2 — Dsuv Normalisation channel

* Selection is similar to that of the K~ v, mode, in order to try and cancel efficiency ratio
systematics

* problem: can't use sPlot technique to remove combinatorial bkg under Ds peak
—» correlations between KK invariant mass and B corrected mass

* split B2 corrected mass range of 3000-6000 MeV into 40 bins

* in each bin perform fit to invariant KK mass to extract the Ds yield

— subtract the KK combinatorial component
— still remaining Dsp combinatorial background
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| Vyp| at LHCb
Control Fit templates

:WWWWWW

. . . " 10F
Each point in the data histogram (right) corre- E = -
sponds to a signal yield in the plots (above). E " ) —4
foo 4000 5000 6000
Mg,

S. Braun (Heidelberg Universit; ul February 7, 2018 33/37



|Vyp| at LHCb

Control Fit Results

* main challenge: separate D3 and Ds
* feed down from higher excited D
resonances, tauonic modes and double
charm modes taken from MC
* combinatorial Dsp background obtained
from data:
* SS:Real D} + pt
* Real D} +fake u~ (DLLyx(p) < 0)

— gives B — Dsuv ~ 300000

S. Braun (Heidelberg University)

30000
25000
20000
15000
10000

5000
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|Vyp| at LHCb

Finalising BS — K~ u" v,

+ BDT optimization ongoing
+ Signal Fit need to be finalized including all backgrounds, also needs
validations

+ Efficiency calculations almost done

+ Systematic uncertainty evaluation started

+ Expect new form factor calculations soon, including ratio
B — K_,LL+VH/Bg — Dgpv

+ Aiming for publication very soon

= Stay tuned!
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|Vyp| at LHCb

Conclusions

* LHCb performed a precise measurement of | V| using the decay Ap — pp~ v,

* First determination of | V| in a hadron collider and in a baryonic decay
|Vub| = (8.27 £ 0.15(exp.) & 0.16(theo.) & 0.06(| Vp|)) x 1073

* Consistent with other exclusive |V | measurements in B® — n+/~ v,
* Measurement is 3.5¢0 below inclusive measurement of | V|
* Right-handed currents can no longer explain the | V| puzzle

* We are in the final months to determine |V, in BS — K~ u*v,, decays

= Very interesting time ahead of us, also with start of Belle Il soon!
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|Vyp| at LHCb

Thanks for your attention!

S. Braun (Heidelberg University) February 7, 2018 37/37



Backup Slides

Backup Slides
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Backup Slides

Signal Selection

Event 323327927
Run 131982
Fri, 09 Nov 2012 10:20:41

(2]
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Backup Slides
Neutrino reconstruction

due to missing neutrino, events are only partially reconstructed:

— use pointing and A, mass to solve for g2 up to 2-fold ambiguity:

neutrino momentum parallel to flight direction is unknown p(v);;:
(pu + ph,u)2 = m/2\b

with p, = (\/P?(v)| + P2 .0, —pL, p(v)) and

P = (1/PP(ha) + P2 + 2,0, pu, p(hu) )
gives
—b+ Vb? —4ac
p(v)) = 22

with a = |2p(hu)||mhu\2 b= 4p(hu)(2mp(hu) Maiss);
c= 4,0J_( (h/‘) + m/\ ) — |mm/ss| mm:ss = m/2\b My,
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Backup Slides

Lattice Calculations

* Calculate 6 form factors (3 vector, 3 axial) for each decay. Lattice QCD with 2 + 1 dynamical
domain-wall fermions.

* Calculation performed with six pion masses and two different lattice spacings.

* b and c quarks implemented with relativistic heavy-quark actions.

* Uses gauge-field configurations generated by the RBV and UKQCD collaborations.
* b — uandb — c currents renormalised with a mostly non-perturbative method.

* Parametrises the form factor g° dependence with a z expansion.

* Systematics include: the continuum extrapolation uncertainty, the kinematic (q2) extrapolation
uncertainty, the perturbative matching uncertainty, the uncertainty due to the finite lattice
volume and the uncertainty from the missing isospin breaking effects.

W. Detmold, C. Lehner and S. Meinel [Phys. Rev. D 92, 034503 (2015)]
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Theory ratio

+ Use the latest Lattice QCD results for these decays to calculate:

gmax _ dT(Ap=pu” vy) 2402
_ Jisgevye? P /IVub|*dq
Rrr =

a dr(Ap—=Ag B~ vu) oo
L
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Branching fraction extrapolation factor

+ convert measured ratio into bf using:

_ i B(Ap—pp~vu)g?>15 GeV/c? 2
B(Ao = PU™Va) = Tho mn, s i) Gevyee | Vebl = BFe

= (Gmax  AT(Ae AT V) 2 42
= TA,Bratio f7GeV/02 i /| Vep|2dg
dr(Ap—pp™
Oqgf;/z/c“ %/l Vublqu2
dr(A -
1q5mé);v/c2 W/ |Vup|2dq?

* results in:

B(As — pu~v,) = (41£1.0) x 1074
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B — K~ v, Selection

* apply stripping 21r0p1 cuts
* preselection cuts:

* Bs mass cut = 2500 < Bs_MCORR < 7000

* Tight kaon PID cuts

* Trigger:

(Bs_HIt2SingleMuonDecision_TOS ||Bs_HIt2TopoMu2BodyBBDTDecision_TOS == 1)

e Jip misID, 70 and K* vetoes
* cut on charged isolation and SS BDT

SignalMC_Bs_MCORR

(%0071 ——— SignalMC_Bs_MCORR SignalMC_Bs MCORR
S | —— Bu2JpsikplusMC_Bs_MCORR Entries 57627
® | —— Bu2JpsiKstarMC_Bs_MCORR Mean 4810
<0.06| —— inclb_ALL Bs MCORR StdDev  502.2
% [| —— Bs_Jpsiphi_Bs_MCORR _—
‘ﬂ:: E| — Bs_Kstmunu_Bs_MCORR
5i0.05[-] —— Bs_Kastmunu_Bs MCORR
7| —— Bd_JpsiKst_Bs_MCORR T
| ——— Bs K1430munu_Bs MCORR
0.04[—
0.03
0.02— |
0.01— [
T L s b L L
&:00 3000 3500 4000 4500

5000
B Corr. mass (MeV?)
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B2 — K~ v, Form factor calculations

a0 [’ ]
3 HPQCD 14 (LQCD) ) 3k data A + 2
fatyst | Ta,x(@)

2 4 qz[GZV,,] 8 10 12
Flynn Bouchard LCSR
f;sK(O) = 0.323(63) f;SK(O) = 0.336 £ 0.023

all three contain HPQCD Bouchard et al. prediction (middle)
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