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Interest of By,;—p

= Flavour changing neutral current and helicity suppressed decays

= Precise SM prediction:

=

. BR(B,—u*w)= (3.35+0.28) x10°
. BR(By— p*w)= (1.070.10) x10-10

A.J.Buras: arXiv:1208.0934 (updated Bs lifetime)

» Possible new particles in the loops

Ex:2HDM

b

< +

Y

Very good pace to look for physics beyond SM

Bs2MuMu @ LHCb
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Lot of NP models can be probed

Models with extended Higgs sector, e.g SuperSymmetry with large tan 8
as BR « tan® 8

Lepto-quarks

Z' models

MFV hypothesis
Fourth generation

0.0 :
0 RSc 10 20 30 40 50

B(B? — u*#‘) (107
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Experimental observables

* Neutral B mesons oscillate in admixture of mass eigenstates

Flavour basis

Decay rate

time

[(B(t) — )+ T(BJ(t) = f)

Bs2MuMu @ LHCb

Mass e-state basis

Decay rate
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Experimental observable

= Experimental observable is the time integrated 5

1 (0.0)
BB = flexp =5 | (M(B(®) ~ Pt
0

» Theoretical definition for the prediction:

2@ - )]
2@ - M|

B(Bsp - f)theo =

= Time integrated prediction:

_ B 1‘|‘AA['y
BF(B:SQ - u+,u )exp — BF(BSO(t) - ,u+u )t=0 X 1 _yZ :
S
At _[(Bsn— f) = T(BsL — ) Vo = L =MW _ .0615 + 0.0085
AT T (Bem — f)+T(BeL — 1) © T+ Ty | T

inthe SM: Agr =1 B(B? — u*u‘)“:fp = (3.56 + 0.30) x 1072

De Bruyn et al., PRL 109, 041801(2012), uses ys from HFAG
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BR{B°—> uu)

BR(B'— p*p)

Bs2MuMu @ LHCb

A long hunting...

90% C.L. Upper Limits

E 1 I | | I | | I I | I =
- . # LHCb =
10° = cMS =
= + ATLAS =
sl * ® CDF -
107 e . DO =
= L3 -
107 - . —— SM Prediction |
= ¢ e ° =
10° = v
= t 5
10" - | | | | | | | | | | | | | | | L

7998 2000 2002 2004 “?006 2008 “?0‘,\'0 2072 2074
Date

90% C.L. Upper Limits
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
04 e ) E
10° = P .
= & CMS =
6 [ LHCb n
10° E - cor Y g
2 - #* BaBar -
107 = BELLE % —
= Y CLEO ® =
8 * DO |
10 = L3 ‘:} =
- UA1 '\ 3
10° = . ARGUS S
= —— SM prediction 3
0 T O O N B
198> 199, 1995 1999 2003 200, 2014

Justine Serrano



...before the first evidence!

= November 2012: LHCDb find the first evidence with 1 (7 TeV) + 1 (8 TeV) fb

Phys. Rev. Lett. 110, 021801 (2013)

[ | T T T T I _]
M LHCb A
12E L0 (7TeV) +1.1 o {(8TeV) ]

EDT>07 ] B(BY = pTp™) <94x1071 at 95% CL

B(BY— ptp~) = (32513) x107°

+ +£ Significance of 3.5 0 !
|':- ved cwenw -u6l[:_}|00
m . [MeV/c?]

= Today we present an update with the full dataset: 1 (7 TeV) + 2 (8 TeV) fb!

= All data consistently reprocessed

= All data in m(B°))+60 MeV/c? are blind until analysis completion!

Bs2MuMu @ LHCb Justine Serrano



The LHCDb detector

Forward spectrometer optimised for heavy
flavour physics at the LHC

« Large acceptance 2<n<5
« Large boost : B mesons flight ~1cm

Magnet RICH2 M) 250 mrad e<b:b

%,110 mrad

Bs2MuMu @ LHCb Justine Serrano



= Running at a constant luminosity of 4.1032 cm s thanks to the luminosity
leveling

Instantaneous Luminosity Updated: 21:04:50

This is twice the design luminosity!

» [nteractions per crossing
<u>~1.7
This is four times more than design! 10:00 1200 1400 1600 1800  20:00

— ATLAS — AUCE — CM5 — LHCb

Luminosity [ 1e30 cm-2s-1

= Large muon trigger efficiency:
* LO single muon p>1.76 GeV/c, dimuon sqrt(p:1xp;2)>1.6GeV/c
« HLT: IP and invariant mass cut
 Global efficiency for B, ;—p*p : ~90%

Bs2MuMu @ LHCb Justine Serrano



=  Excellent momentum and IP resolution:
« Op/p ~0.4% to 0.6% for p=5-100 GeV/c
« o(IP) =25 um @ 2GeV/c

e .....u-:u;_-l-_

BT

. 5 7
prima
vertex

_‘_}__

=  Excellent muon identification:

« Use muon chambers information + global PID likelihood (RICH, CALO,
MUON)

* &4 — H)~98%, g(mT — W)~0.6%, (K — n)~0.4%, e(p — 1)~0.3%
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Analysis strategy

=  Selection

 Oppositely charged muons making a good vertex separated from the PV with m,,, in
the range [4.9-6] GeV/c?

« Loose cut on a MVA discriminant
« Similar to control channels (B, — h*h, B*—J/yK*)

= Signal and background discrimination:
* Boosted decision tree combining kinematic and geometrical properties
* Invariant mass
« Data driven calibration through control channels

= Normalization using B* — J/yK* and B; — K

= Background estimation
 Combinatorial from m,,, sidebands
* Double misidentified By, — h*h- (h=K,)
* Detailed study on various exclusive background

Bs2MuMu @ LHCb Justine Serrano



Analysis strategy

= Results

« BR measurement using a maximum likelihood fit to the invariant mass in
bins of BDT

* In case no significant signal is found, limit measurement using the modified
frequentist CLs method in bins of mass and BDT

Strategy similar to previous analysis

Main improvements:

* new detector alignment and reconstruction
* Improved BDT classifier

« Refined exclusive background estimate

Bs2MuMu @ LHCb Justine Serrano



Signal discrimination
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Signal discrimination: BDT

» Goal is to differentiate signal events from combinatorial background bb—puX

= BDT training, choice of variable and BDT parameters optimization based on
MC signal and bb—ppX background (new sample equivalent to 7 fb1)

= 12 variables used (previously 9) based on kinematic and topological
information

= chosen to avoid correlation with invariant mass

Bs2MuMu @ LHCb Justine Serrano



BDT variables

B candidate:

proper time
IP

P
iIsolation

Angle between the B momentum and Py,
Angle between pt direction in the B rest frame and

Pirust IN the B rest frame

Pinst 1S the sum of momenta of all tracks consistent with
originating from the decay of the other b hadron

“ |
5 i LHCb ]
- = —8~ Data sidebands 3 fb” 1
= 0.2+ + =~ Data exclusive B— hh' 3 fii' |
= B j- =i Simulation bkg i

'g - == Simulation signal
L -i’-;— _
by
- ¢ -
0.1 —
L =i= == * i
= &= i
= + = |
K

e g -l-_‘_ -
0 ey A gyt

0 0.05 0.1

IP(B) [mm]
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Muons:

min IP significance

distance of closest approach
isolation

polarization angle

La[(VeR[(VPY]
[OI(VERROI(VEY]

'jﬂ
¥
;I'

LHCb
=8~ Data sidebands 3 fb’

=8= Data exclusive B— hh' 3 '
== Simulation bkg

== Simulation signal

‘é o
E I
().zi
e L
E [
s -
5015 =

i +

0.1% =S
0.05F
0b
0
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arbitrary units

Bs2MuMu @ LHCb

BDT variables
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BDT output

= BDT output defined to be flat for signal and peaked at O for background
= Signal shape derived from By, — h*h’ (h=K,1T) data (same topology as signal)

= Background from dimuon mass sidebands

I'_]'_. 3 |n| T T T 3
- - O 3
A - ’
1E - -8
10 b —— N
: —O— ]
T —C— .
1{]-; E_ . ,:) . _E
- LHCb —— : .
10° & m Signal -—cfh_%_z
E =
- © Background ’
1{}—4 1 1 1 | 1 1 1 I 1 1 1
0 0.2 0.4 0.6 0.8 1
BDT

= Analysis performed in 8 BDT bins
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Signal discrimination: invariant mass

= Central value taken from exclusive Resolution from By, — h*h’ exclusive
Bys — h*h™ and di-muon resonances.

» The 2 methods are in agreement
% bDDD—_ LHCD _— E: LHCb LHC‘b_ :é:
b= - .
= i il 3
= 12000\~ - -
E 2000 B _: T 00 100250, 3600 3630 MV o 9500 10000 T
.................................................. - ] — e
E- 3 ;: 505—
0 P
2F . . 3 o aof
5000 5200 5400 . 5:1-.0-[:
Mg [MeVicT] o
203
]0_||I|||I|||I|||I|||I:
2 4000 6000 8000 1DODGM léfOO:J
Hgo =(5284.90+£0.10+£0.20) MeVi/c M [MeVIC
_ 2
45, = (5371.85+0.17+0.19) MeVi/c? Oy =(22.83+0.07+0.42) MeVic

g, =(23.24%0.08+0.44) MeVic?
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Normalization
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Normalization

sig s1g s1g | q

BR = BR EglENESEL&HEQGENEEEIG'SEL | feal | Nt N
= X _ . > 1 X = = ¥ca]l X IVBO L+ —
cal CEN %EL&HEC|GE—NETR[G|5EL :fB{]: i“"'l.:;al cal Bl —ptp

Ratio of probability for a b-
guark to hadronize into a
given meson, f,=f,

= 2 normalization channels used:

B+ — J/yK* By — K
¥10° 10°

gwoE= T e & ——
= ] =
> sof- LHCb - 2 10
S £ ~1l.1Mevents i ] =
@ 60— —] ==
s F ] -
= C _ 3
2 40— — b= 5
S L ] &

20 =

'3_'_ . R —————— : - 0

_ 3200 5250 3300 3350 5000 5200 400 5600

iy, MeV/ie] m [MeVie?]
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B fragmentation f./f

= f/fyis measured at LHCb with 2 independent methods
 Ratio of B® —» D-K*/1t* and B, — D" 71" (JHEP 04 (2013) 1)
« B,— DXpand B — D*Xpy (PRD 85 (2012), 032008)

» Recently updated using new BR(D, — KKr1r) from CLEO, Babar and Belle
and new B lifetime measurements

= Average: 1% =0.259+0.015 LHCb-CONF-2013-011
d

(Error decreased from 7.8% to 5.8%)
JHEP 04 (2013) 1

SO
= L@ LHCb
LHCDb also found a small dependence with the 03f ]
pT(B). Effect neglible for this analysis. xﬁhiw% |
0255 Tl ]
e
[ R T
pT(B) [MeV/c]
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Normalization: results

1 1 1 1
i
I oEN SEL&REC|GEN! TRIG|SEL | ! CAT
BR = BR ><il €cal Ecal IEcal IK: fﬂal :l>< ABS_}#_F“_ . N 1
- cal 1 GEN SEL&REC|GENI TRIG|SEL | ' fgo | N = Qrcal X IVBY—p+p-
€. IE_.: L J BY L{¥eal
| sig s1g | 518 (. 7 |
L e e e e e e e e - - - e o = = - I L___

Eyaluated from MC, Cross checked  neasuredindata Ratio of probability for a
with data. Corrected for time using Jhy —pu*u- b—quark Fo hadronize
acceptance effect into a given meson

» The 2 normalization channels give compatible results

Average:
A g0 o - =(9.01 £0.62) 10-¢
= (2.40 £0.09) 10-¢

Bd - ptu-

SM expectations in the signal mass windows:
40+4 B - uty~ and 45+04B° - utu~
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Time acceptance

= Time dependent decay rate:

D (Be— p™p) = D(BAt)— pp™) +T (BI(t)— pp)
= RHE.’_FHt—FRLt‘_rLf

t . st
= (Rg+ Rp) e Tst | cosh g5t + Aar sinh Js
TBE TBE

'y — 'y
- - _L 4 o ys = 0.0615+0.0085
Ys T, T FH From HFAG: v 5 5
FB{]

r I.) _” — i+
Aar = Bon ; . Channel and model dependent, =1 in the SM

FBE_H—}# u- Tﬂfjﬁ;e «~  (De Bryun et al, arXiv:1204.1737)

= Since the selection biases the decay time, the time integrated efficiency is also
model dependent

Jo e(t)rAarys(t)de

EEE—+“+#— — IDDC- r-’qﬁr,ﬁ(r}dt
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Time acceptance

» The efficiency determined from MC should be corrected using latest PDG
value 7z =1.615+0.021 ps

t-Agr-.Lfs

MC
Jo  T(BY(t) — ptp, Aar, ys)e(t)dt Jo© e tuctdt

[CTB0) — prp Aaru)dt oo e Twcte(t)dt

Correction for B, : 4.57+0.02%

We also need to correct for the B° as we
assume the same efficiency as for B Correction for B%: 1.50+0.01%

= Asthe BDT distribution is obtained from B, — h*h™ control sample,
dominated by B, — K, it should also be corrected due to the different decay
time of B, and B.. This correction goes from 0.3 to 4.7% depending on the bin.

Bs2MuMu @ LHCb Justine Serrano



Background estimation
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Combinatorial background

= The main background source in the signal window is combinatorial from
bb—ppX

= For the limit computation, the expected number of background events is
obtained by a exponential fit to the invariant mass sideband in each BDT bin

3500F LHCIIJ |
3000}& 3 fb!

In higher BDT region, other BDT=<0.25

2500:—

sources of background -

become dominant 2000F
1500

Candidates / (50 MeV/c?)

: B i | B, window
1000F- window

500

g L I E 1 1 1 I 1 1 1 I L 1 ]
5400 5600 5800 6000

my.,- [MeV/ c?]

D : 1 I 1 L L I L L
5000 5200
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Exclusive background sources

Exclusive background can both enter in the signal search windows and/or spoill

the evaluation of the combinatorial background from sidebands

= In the signal region: only the B, — h*h™

double misID matters

In the sidebands, decays with one hadron
misidentified as muon or 2 muons coming from
the same vertex can fake the signal:

B — mutv
B, — K'p*v
No— PHV

Other channels, as B ;) — DguX with D — pX, found to be negligible

Bs2MuMu @ LHCb

()
T

For illustration

N
N 2]
T T T T T TTT

n
TTT

Events /(110 MeV/c?)

e
(1

o -
TT T T T T T T[T

B — hh’
B — 1T
B— mTuv

5400 5600

B 0/+_) Tr0/+uu
B, — J/W(up) pv
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B, — h™h’~ double misID

1. MislID probabilities are measured on data as function of P and P-
« m— Wand K — g measured in D* — D%, DY — KT
* p — WM measured in A— ptr

2. These probabilities are then convoluted with the MC spectra of B, — h*h™to
get the average double misID efficiency €, ., (~10°)

3. The rate Is obtained applying ¢, ,,to the measured B, — h*h™ yield
4. The mass shape is evaluated from MC

5. Bgs— h*h’~ isincluded as a fit component with rate constrained to the
expected yield
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Other exclusive backgrounds

= Number of expected events normalized to the yield of B* — J/WwK*

» For backgrounds components that should be included in the fit:
* The mass PDF in each BDT bin is determined from MC
« The normalization is fixed to the number of expected events.

= BO— 1utv, B{— Kutv, B%— m%pp are included as fit component
= /\,— pUv : evaluated as a systematic
= B.— J/ypv: peak atlow BDT, taken into account by the exponential fit

Yield in full  Fraction with

BDT range BDT > 0.7 [%]

. 0 +7r— -
Expected background yield ghﬁ.;. —+h :‘J:r 15+1 28
: — 7 pty, 11546 15
in [4.9-6] GeV/c? TR _
B, - K u"v, 10+4 21
BYH) 5 g0yt~ 2848 15
A} = pu—r, 70430 11
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Background fit

BO — 1rutv, By — h*h™
B, — Ku*v, total

< T - - o T = o T B B 7 - R
53500\. TR BT : e  ILHC 1 i =, LHCh .
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- =" - BDT<0.25 = : = 20 Y §4<BDT=054 = ¢ =" 10.5<BDT<0.6 ,
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i

‘LHCb 1
3! d
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L=y =]
L}
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3

e e B = L = ==
fad =

| ]
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.
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Results
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Open the box

5800

5600

2
My [MeV/c?]

5400 B, window

B2 window
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B.—u"uw branching fraction fit

» Simultaneous unbinned maximum likelihood fit to the mass spectra
= Free parameters: BR(B—pu*u’), BR(B,—u*u) and combinatorial background

= Signal yield fraction in each BDT bin is constrained to expectation from
By — h*h’- calibration

* Yields of exclusive backgrounds are constrained to their expectations
= Additional systematic

* /A\,— ppv component
« Variation of the exclusive background mass shape
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Fit projections

BY— v Bys — h*h”

B, — Kp'v B—ptw
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Fit result

% arXiv:1307.5024, Phys.Rev. Lett.111(2013) 101805

BR(Bg — 1 17) =(2.97:(stat) >3 (syst)) x10™°

BR(B® — 1" ) = (3.77%7 (stat) 20 (syst)) x 107

Significance: 4.0 o
expected 5.0 o(median)

Significance: 2.0 o

Correlation between BR(B®—pu*u)

[a—
—
L—

b = tn v~ o0 O
LLILLI ! TTTT[TTTT

ALL

—_—

]
fu—
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and BR(B,—u*w) : 3.3%

Profile Likelihood:

All parameters except
B(B? - u*tu™) are floated
within their errors.



BO—pu*u- upper limit

= Use CLs method: evaluate compatibility with bkg only (CL,) and signal+bkg (CL,})

hypothesis

=  The 95%CL upper limit is defined at CL, = CL,,/CL,=0.05

.{.IIIIIIIIIIIIIIIIIIIIIIIIIIIII|

LHCb
3t

CL,

Observed

O NN —

Expected
Bkg+SM .

l{}-2IIII|IIII|IIII|IIII|IIII|IIII’QIIII|IIII|III

CL,

1 2 3 4 5 6 7 8 9

10 =—

- Expected
- Bkg only

UL LB L R L R R L R L LB L LB LN L
LHCb
3fb |

Observed

1

B(BY — wt ) [107"]

Expected bkg only

Expected bkg + SM

observed
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Limit at 95%CL
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CMS result
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Analysis overview

= Dataset: 5 (7 TeV) + 20 (8 TeV) fb!

= Trigger requirement :
leading (subleading) muon pT> 3 (4)GeV, dimuon pT>4.9 GeV for |n,[<1.8
leading (subleading) muon pT> 4 (4)GeV, dimuon pT>7 GeV for |n,,|>1.8
4.8<m <6 GeV

Vertex fit p(x?) >0.5%

= Use 2 discriminant variables: dimuon mass and BDT
= Normalization channel: B*—J/yK*
= Control sample: B, —J/hy¢

» Divide dataset in 2 categories, keeping 2011 and 2012 data separated:
= Both muons in the barrel : |n,[<1.4, better sensitivity, mass resolution ~40MeV
= At least one muon in the endcap, more events but mass resolution ~60MeV
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BDT

= Training on MC signal and data sidebands:

« To avoid biases, use 3 separate samples: train on 1st, test on 2" and
apply on 3rd = 3 BDT per categories

» 12 variables used, independent of pile-up conditions

= Signal BDT distribution taken from MC, systematics evaluated using
control sample

*» Then, 2 possible methods:
« Simple cut on BDT output, optimized for each sample: limit computation

« Analysis in 3 bins of BDT vs mass (higher expected sensitivity) :
simultaneous maximum likelihood fit
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Example of fit
projections in
the most
sensitive bins
for 8 TeV data
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arXiv:1307.5025, Phys.Rev. Lett.111(2013) 101804

BR(Bg — 1 17) = (3.0% 5 (stat) 55 (syst)) x10™° | Significance: 4.3 o (exp. 4.8)

BR(B® — u* 1) = (3.5 (stat + syst))x107*

Significance: 2.0 o

_ zxm-g CMS fs=7 TeV, L=5fb™' {s=8 TeV, L=20 fb”’
":_ E EﬂeE 430 E 125— . ] .
J18E o 29 e Limit using CLs method:
@ b BF(B H)= uf BF(B —u'w)= 0 o
@16\ @oo0f | % @5 <107 BR(B” —> 1" 117)<1.1x10™ @ 95%CL
L 1o Ig e ’
14 % : -9
- - 2.06 / (0.63x10° expected)
_ F LB T
1.2 - oF E 1 CMS L = 5fb™ (7TeV) + 20fb™ (8TeV)
B ,;:r.. ok .|...|...ﬁ><'HI!'5 g C — CL, observed
= 0 "0z, ] 04 06 0.8 [ ] Expected sMCL +20
- —_—— BF(B —41”} [ Expected SMCL = 1o
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CMS+LHCDb combination
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Combination input

= One common systematic uncertainty is taken into account, f/f; (as both
experiments normalize to B* — J/WK*)

= CMS result rescaled to use the latest determination of f./f

B(B, = p*u™) = (3.0%59) x 107

B(BY = ptp~) = (2964097 +0.17) x 10-*

| S

/

Uncertainty due to f/f

AN

= LHCb: B(B? — ptp™) = (287150 £0.17) x 107

L
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Result
LHCb-CONF-2013-012
CMS PAS BPH-13-007

Several methods used, giving compatible results
Method based on pseudo experiments, modelling distribution with variable-

width Gaussian function (suggested by R. Barlow arXiv:physics/0406120):
0 + .-\ -9 :
Y BR(B; > "1 )=(2.9£0.7)x10™"| Observation!!
Q(e\\((\
BR(B® = 1" 117) = (3.6";7) x10™°| Not statistically significant
DO 10.4f0 COFE 10fbh " I SM
CDF 10" |—
ATLAS 491 LHCh 3" .
preliminary
LHCh 3 — F+H - oMs 257
CMs 25— =H
CMS+LHChb CMSLLHCh | |
PTE'liMlﬂﬂl'}' R II-h | | | 1 | | | 1 | | .FIL ) | 1 | | | |
IIIII 'IIII.‘}IIISIII]D”IIEIIIHI“I&“I]H”IEDI“ZEI {]'I B II”I IEI B I.'!-I B .4. B ISI B Iﬁl B I_T"
B(BY— pu) [107] B(B"— ) [107]
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From 1984 to now...
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.. And tomorrow

= ~300 fb! for CMS in 2020, ~8 fb-1 for LHCb in 2018
= LHCb upgrade: Expect 5 fb per year after 2018 and 50 fb in 2028

Type Observable Current LHCb Upgrade Theory o
precision 2018 (50fb~" )  uncertainty i
BY mixing 2B, (BY = Ji ¢) 0.10 [9] 0.025 0.008 ~ 0.003
28, (B® — J fo(980)) 0.17 [10] 0.045 0.014 ~ 0.01
Ag(BY?) 6.4x 1073 [18] 06x10* 02x10~* 0.03x 1073
Gluonic 2B (BY — ¢¢) 0.17 0.03 0.02
penguin 2% (B? — K*°K*?) - 0.13 0.02 < 0.02
28*%(B® - ¢KY) 0.17 [18] 0.30 0.05 0.02
Right-handed 268 (BY — ¢) 0.09 0.02 < 0.01
currents %(B? — ¢7) 0.13% 0.03% 0.02% P
Electroweak S3(B° - K*utp=;1 < ¢®> < 6GeV?/c?) 0.08 [14] 0.025 0.008 0.02 Technical Design Report
penguin sg Apg(B® = K*%utpu™) 25% [14] 8% 2.5% 7%
Al(Kutp—;1 < ¢2 < 6GeVY ) 0.25 [15] 0.08 0.025 ~ 0.02
BBt - ntutpu™)/B(Bt - K p*u™) 25 % [16] 8 % 2.5% ~ 10 %
Higgs B(B, — ptp) * 151077 2] 05x1077 0I5 x107 03x 107
penguin B(B® — ptu~)/B(B? — putu) ~ 100 % ~ 35% ~ 5%
Unitarity Y (B —= DVV7KY7) ~ 20° [19] 4" 0.9" neghgible
triangle v (B? = D,K) — 11° 2.0° negligible
angles B (B = J/Y K2) 0.8° [18] 0.6° 0.2° negligible
Charm Ar 2.3 x 1072 [18] 0.40 x 10— 0.07 x 10~3
CP violation AAcp 2.1x1073[5 0.65x 1073 0.12x 1073

* Assuming SM BR

Bs2MuMu @ LHCb Justine Serrano



=  Short term:
« 2018: LHCb+CMS can probably obtain a 10% measurement on
BR(Bs—u*1)
« The current SM BR(B,—p*w) has a 10% uncertainty = crucial to improve
theoretical errors !

Already a lot of improvement from the Lattice QCD computations ©
« Update of B® will be interesting!

= Mid term:
« 2021: each experiment could reach 10% measurement on BR(B,—p*w)
« Sensitivity to BR(B°—pu*u) down to the SM branching fraction by 2021

= Long term:
« Precision era for B;.—pu*u : effective lifetime measurement,...
 Precision era for BR(B?—u*w) / BR(Bi—ptu)
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CMS 25 fbt LHCb 3 fb-t
BR(B; — 1" 17)=(3.0'50)x10™ 430 BR(B; — 1" 17)=(2.9,7)x10" 400
BR(B® — 1" 117)=35733x10™ 200 || BR(B® > u' ) =3.724x10™ 200
BR(B° - 1" 117) <1.1x10° @95%CL BR(B® = 1" ") < 7.4x10°@95%CL

CMS + LHCb :
First observation of BR(B,.—u*p) !
BR(B; — 1" 117)=(2.9+0.7)x10

MSSM-LL
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* Fit without Bs signal
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Full PDF
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Uncertainty with new lattice Fg

= Recent works in Lattice QCD claims .
uncertainties at 1.3% - .-

uncertainty of 8 MeV

» Results still discussed
= ‘Conservative’ approach: ' N
Central value from weighted average + , i

{
u,d, s sea

]+ PDG av
1202.4914

1110.4510

u,d sea

PDG av BR(B->tv)

Vub

HPQCD NRQCD

HPQCD HISQ

FENAL/MILC 1112.3051

ETMC 1107.1441

ALPHA 1112.6175
150 ]I’,*'Sl 2;)0 2I25 2I50 2I7'5 3;)0
= |f results confirmed: ) s, MV
BF(BS N ,Ll+,l,l_) = 3.57+0.18 x 1079 Uncertainty Budget
. . . Fp, 72.5% | 27.0%
= Dominant uncertainty |V;, Vil

Vi,Vis| | 22.8% | 60.0%
m; 3.7% | 9.8%
Tgsand y, | 1.1% | 2.8%




Selection

= Tighten initial selection to reduce combinatorial Bkg: /
cut on a output of a MVA combining information topology - B

background rejection for 92% signal efficiency. w+

B Candidate

impact parameter*

impact parameter y?

x? of the vertex

pointing angle

distance of closest approach*
Muons

min IP

*common with BDT

8 40000 T T T3 -
o E Entries 2136728 9000~
+ £ 35000( Mean s27es03 3  E £
> - E RMS 33 3 S 8000~
c E 3 @ F
Bd/S h h 8300003_ ? E?ouu}
data = I U
< 20000 E so00f-
= E 3 g
T15000F 3 4000F~
[as] F E E
10000 E 3000 3
5000F- 3 2000
1 1 L3 =
5000 5500 6002 4800 5000 5200 5400 5600 5800 6000
m,, (MeV/c?) M (MeVic?)
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BDT Variables

Polarisation Angle:

angle between the muon momentum in the B rest frame and the vector
perpendicular to the B momentum and the beam axis

B Isolation:

PrB

| =
pT,B + Ztracks pT,track

sum running on the tracks such that 6n% + §¢? < 1.0
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Exclusive background

B — 7w puty,, (1.4440.05)-10*
Particle Data Group, J. Beringer et al., Review of particle physics, Phys. Rev. D86
(2012) 010001.

B - K pty, (127£0.49)-107*| B(A} — pp v) = (4.75+2.11) - 10~

[40] W.-F. Wang and Z.-J. Xiao, The semileptonic decays B/Bs — (7, K)(I71~,lv,vv) in
the perturbative QCID approach beyond the leading-order, arXiv:1207.0265.

B(B" — m ptp) = (2.3 £0.6(stat.) £ 0.1(syst.)) - 1078,

LHCD Collaboration, R. Aayj et al., First observation of the decay BY — aru p—,
JHEP 1212 (2012) 125, arXiv:1210.2645.

o( BI)B(B — J/lvX)
T G(BYB(BT— JWKT)
0.1327008 (stat) + 0.031(sys) "5 052 (lifetime)
= 013235}

.

CDF Collaboration, F. Abe et al., Observation of the B, meson in pp collisions at
v's = 1.8 TeV, Phys. Rev. Lett. 81 (1998) 2432, arXiv:hep-ex/9805034.
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CMS cross check with 1D BDT method
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