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“We llve in a World where o‘nly 4% Of the matter is known
*This. tlny fraction of inatter is well descrlbed by "
o the “Stardard Model” of partlcle physics,...

Whlch nevertheless i is notable to e‘Xplaln
g 9 why 3 generatlons ) § quarks and leptons?

c LD Why so different masses (m (e) ~0. 5eV 9 m(top) ~176 GeV)
e why 4. fundamental 1nteract10ns and why SO dlfferent scaIes" -

7 3% DARK ENERGY




The Standard Model cannot be the ultimate theory
as it is incomplete and contains too many free parameters
like the fermion masses and couplings
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The Standard Model is most likely only a partial view

(= low-energy effective theory for experts)

of a more fundamental theory with particles expected at the TeV scale
and (in principle) accessible at the LHC

What is hidden below?

Super simmetry? Extra dimensions?
Warped theories? o




The LHC was built to answer these questions....
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first beam evernt seen in ATLAS




....with two giant (and beautiful) “general purpose”
detectors: ATLAS...
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first beam evert seen in ATLAS




....with two giant (and beautiful) “general purpose”
detectors: ...and CMS
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first beam evert seen in ATLAS '




....and a (small) detector, LHCb, mostly dedicated to
the study of CP violation and rare decays in the b-system:
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first beam evert seen in ATLAS




ATLAS and CMS mostly (but not only) search for
direet production of new'particles

. \‘
Higgs observation , presented at CERN

on July 4™, has been one of the most
important discovery in the last decades




LHCDb mostly (but not only) searches for quantum corrections
in the decays of known particles and look for deviations
from the SM predictions (“indirect search”).....

New physics footprints ©2004 JeeT Bucchino

..In particular in the branching fraction of the decay of the Bs§
meson into a muon pair (the topic of this talk)



Why the decays B.—pp and BY—pp are important ?

These modes are a unique source of information about flavor physics

beyond the SM:

- theoretically very clean (virtually no long-distance contributions)
- particularly sensitive to FCNC scalar currents and FCNC Z-penguins

Leading SM e b
diagrams o’
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Why the decays B.—pp and BY—pp are important ?

These modes are a unique source of information about flavor physics
beyond the SM:

- theoretically very clean (virtually no long-distance contributions)
- particularly sensitive to FCNC scalar currents and FCNC Z-penguins

P b YAYAYAYAA N Y u
Leading SM e t g eg’
diagrams <& s oo I -w I

These decays are very rare :

Theorists have calculated that, in the Standard Model, the B,—pp decay
should occur about 3 times in every billion total decays of the B, meson and
the B—pup , about 1 time every 10 billions:

]BI{(]35_>!V'“lvl ) (t:O) — (354:|:O30) X 10-9 Bu)?asl f;oaé’ o3
BR(B,—up ) (t20) = (1.07£0.10) x 10-10 |3V 258

De Bruyn et al., 6
PRL 109, 041801 (2018)
uses LHCb-CONF-2012-002



Standard Model predictions (for experts)

Latest SM predictions :

[ BR(B.—up ) (t=0) = (3.23+0.27) x 10 ) Buras et al,
arXiv:1208.0934

_ BR(By—pp) (=0) = (1.070.10) x 10710

where {(Bs) =227+ 8 MeV has been used, averaging
from recent lattice inputs:

Mec Neile et al., PRD 85 (2012) 031503
Na et al., arXiv:1202.4919, Bazavov et al. arXiv 1112.3051

To compare with experiment we need a time integrated branching
fraction, taking into account the finite width of the B, system:

BR(B, — ptpu) = - _ly - BR(B, — pp”)=" ={(3.54 £0.30) - 107° |

De Bruyn et al., PRL 109, 041801 (2012)
uses LHCb-CONF-2012-002



Why the decays B.—pp and BY—pp are important ?

These modes are a unique source of information about flavor physics

beyond the SM:

- theoretically very clean (virtually no long-distance contributions)
- particularly sensitive to FCNC scalar currents and FCNC Z-penguins

Leading SM e b
diagrams o/ -

possible non SM (B ®
contributions wd -
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Non-SM Higgs
particles contribution

: % it - W Ep0 HO/ HR
X X —m———ma——e—-
H Wb © HL

Relevant for BR = O(SM) Possible large enhancement

(e.g. SUSY @ large tanp)

.. But new virtual particles present in the loops

could enhance (or suppress) these branching fractions with 6
respect to the SM predictions



That 1s why the search for B,—pup decay
started more than 28 years ago....

VOLUME 53, NUMBER 14 PHYSICAL REVIEW LETTERS 1 OCTOBER 1984

Upper Limit on Flavor-Changing Neutral-Current Decays of the b Quark

P. Avery, C. Bebek, K. Berkelman, D. G. Cassel, J. W. DeWire, R. Ehrlich, T. Ferguson, R. Galik,
M. G. D. Gilchriese, B. Gittelman, M. Halling, D. L. Hartill, S. Holzner, M. Ito,
J. Kandaswamy, D. L. Kreinick, Y. Kubota, N. B. Mistry, F. Morrow, E. Nordberg,
M. Ogg, A. Silverman, P. C. Stein, S. Stone, D. Weber, and R. Wilcke'"’
Cornell University, Ithaca, New York 14853

Et al.. Cleo experiment, PRL, 1984

If there is a neutral Higgs (4#Y) with mass less
than twice that of the = lepton, its dominant decay
modes would be into ss and w u”. Some elec-
troweak models'® predict a sizable rate for the decay
B — h°X. We have used dimuon events to obtain
an upper limit on Ryz(B— h°X)xRy(h"
— uwtu~). We find a 90%-confidence-level upper
limit of 5x 10~ for Mo > 3.2 GeV. We can ex- 8




B, —pp : 1998-2010 — the Tevatron era
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e 2010: Iimits from Tevatron at 90"/10O CL:

o CDF (~3.7 fb'') BR(B,—pp ) < 36x10° (@90% CL) ~ 11 times SM
o DO (~6.1 for!) BR(B.—pp ) < 42x10° (@90% CL 9



winter conferences 2011:
the new born LHCDb enters 1n the game
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e 2010: limits from Tevatron at 90"/100 CL:
> CDF (~3.7 fb'") BR(B,—up ) < 36x10° (@90% CL) ~ 11 times SM
> DO (~6.1fb") BR (B, —pp ) < 42x10° (@90% CL) 10
- > LHCD (0.036 fb-'') BR(B,—pup )<40x 10° @ 90%CL
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B, —pu: 2011- june 2012
experimental results from the LHC and Tevatron

Nice race all around the world to push down the limat:

March 2012
I

] | |
DO 6 fb™
PLB 693 (2010) 539

| CDF 7 fb™

PRL 107 (2011) 191801

CDF 10fb™"

ATLAS 2.4 fb™’
Phys.Lett. B713 (2012) 387

CMS 4.9 fb™
JHEP 1204, 033 (2012).
LHCb1fb™

SM Prediction

(68% CL region) |

www-cdf.fnal.gov/physics/new/bottom/120209.bmumu10fb/

Phys. Rev. Lett. 108, 231801 (2012)

0 20

BF(B_—u*u)x 10° @ 95% CL

l
40

LHCb and CMS very close to
Have a sensitivity to observe
B,— " events with SM rates

No big enhancements
were allowed any longer

LHCb-CONF-2012-017
CMS-PAS-BPH-12-009
ATLAS-CONF-2012-061

LHC combination (June 2012): BR(B,—u'p)<4.2 x 10° @ 95% CL 11



20 March 2012:
The B.—p™pn result wifh 1fb-! of 2011 data was just sent to PRL!

. ' (5.
... worth W <l

4

celebrating!

Phys. Rev. Lett. 108, 231801 (2012)




Last week .....

November 12%, HCP conference (Kyoto, Japan)
November 13% | CERN seminar

LHCDb presents the new result.. ..

arXiv: 1211.2674
Submiitted to Phys. Rev. Lett.
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The data sample

LHCb Integrated Luminosity

: B Delivered in 2012 (4 TeV): 1.986 /fb
""" @ Recorded in 2012 (4 TeV): 1.879 /fb
: Recorded in 2011 (3.5 TeV): 1.107 /fb
Recorded in 2010 (3.5 TeV): 0.038 /fb

1.8

Integrated Luminosity (1/fb)
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. so=l i : 1
31/05 30/06 30/07 29/08 28/09 28/10

1 1

Date

1.0fblat7TeV +1.1 fblat8 TeV

(the results based on 2011 dataset already published have been re-evaluated
and combined with those obtained with the 2012 dataset: 13
the result supersede the previous publication)



B ¢ = @ LHCDb: the four strong points

1) Constant luminosity: 4 x 10%? cm2s°!, 1262 colliding bunches,
—> number of pp interactionS\per crossing (8 TeV) ~ 1.8

Instantaneous Luminosity Updated: 08:28:32
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B ¢ = @ LHCDb: the four strong points

1) Constant luminosity: 4 x 1032 cm2s!, 1262 colliding bunches,
—> number of pp interactionS\per crossing (8 TeV) ~ 1.8

2) Huge cross section:

o(pp=2bbX) @ 7 TeV ~ 300 ub
2> atL=4x10%2 cm™s!

120,000 bb produced every second!

Instantaneous Luminosity Updated: 08:28:32
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B ¢ = @ LHCDb: the four strong points

1) Constant luminosity: 4 x 1032 cm?s!, 1262 colliding bunches,
—> number of pp interactionS\per crossing (8 TeV) ~ 1.8

2) Huge cross section:

o(pp=2bbX) @ 7 TeV ~ 300 ub
2> atL=4x10%2 cm™s!

120,000 bb produced every second!

Instantaneous Luminosity Updated: 08:28:32
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3) Large acceptance

( bb are produced forward/backward): T
- LHCb acceptance 1.9<n<4.9 — s s —os L

and very low trigger thresholds:

—> g(acceptance x trigger) for B ;=2 up~ 10%
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B ¢ = @ LHCDb: the four strong points

1) Constant luminosity: 4 x 1032 cm?s!, 1262 colliding bunches,
—> number of pp interactionS\per crossing (8 TeV) ~ 1.8

2) Huge cross section:

o(pp=2bbX) @ 7 TeV ~ 300 ub
2> atL=4x10%2 cm™s!

120,000 bb produced every second!

Instantaneous Luminosity Updated: 08:28:32
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3) Large acceptance

( bb are prOduced forward/baCkward): 21:'00 23‘.'00 01;00 03;00 05;00 07:'00
= LHCDb acceptance 1.9<n<4.9 s e e L

and very low trigger thresholds:
—> g(acceptance x trigger) for B ;=2 up~ 10%

—_
e
o
o

4) Large boost:
—> average flight distance of B mesons ~ 1 cm 14



- o(pp, inelastic ) @ Vs=7 TeV ~ 80 mb

- ~100 tracks per event in LHCD pileup conditions
- only 1/300 event contains a b quark , and we are looking for BR~3 10~

We expect 14 + | >LLLL events trlgge red, reconstructed and
selected in 1.1 (8 TeV) +1.0 (7 TeV) bl if BR = BR(SM):




B, y— up @ LHCb:
how to reduce the background

1) Highly selective trigger

2) Very good momentum resolution:

—To have a narrow region where to look for the signal
— op/p ~ 0.4% --0.6% for p = (5 -100) GeV/c

3) Good muon identification:
— To reduce the amount of hadrons misidentified as muons
— for this analysis: e(p—p)~ 98%, en—p ~ 0.6%, e(K—p)~0.3%, e(p—p)~0.3%

4) excellent vertex and IP resolution:
— To separate a displaced secondary vertex from the track

Proton-proton interaction vertex
— o(IP) ~25 pm @ pr =2 GeV/e




LHCb trigger for B, ;— pp

max 40 MHz l l - '“l
o
Tl) LO LO LO
max 1 MHz l ' '
HLTlg &
o I
F
Q
§ 30 kHz  Global reconstruction
HLT2% £
=

-
~4.5 kHz on tape

~ 1 kHz to muon lines

[ 10 millions of events/ sec]

Single- u: p> 1.76 GeV/c
np: sqrt(pr x pT2)> 1.6 GeV/e

:

[ 1 million of events/sec ]

add impact parameter cuts
add invariant mass Myu cuts and/or
displaced vertex

[ 4500 events/sec ]

In 2012 (until mid of August) we collected
about 2 billions of events .....

.. and we are looking for
~14 B; — pp events ! 17



Soft selection:

pairs of opposite charge muons making a vertex displaced with respect to the primary vertex &
M(up) 1n the range [4900-6000] MeV/c2. The signal regions, defined by a window of
+ 60 MeV around the B and B, mass peaks, have been blinded until the analysis was finalized

After the selection still a lot of

background fully dominated by random

combination of real muons from

semi-leptonic decays of two different b’s :

15

S

Candidates / (110
=

S

00 F

0

Blind region
) ey

S
5000 5200 5400

A l A A 2 l AL

5600 5800 6000
m,,, [MeV/c?]




LHCDb analysis strategy: BDT

Discrimination between S and B via Multivariate Discriminant BDT
(Boosted Decision Tree ) with 9 input variables:

— B candidate: proper time, impact parameter, transverse momentum, B isolation

— muons: min pT, min IP significance, distance of closest approach, muon
1solation, cosP

M+

19



LHCDb analysis strategy: BDT

* Discrimination between S and B via Multivariate Discriminant BDT
(Boosted Decision Tree ) with 9 input variables:

— B candidate: proper time, impact parameter, transverse momentum, B isolation

— muons: min pT, min IP significance, distance of closest approach, muon
1solation, cosP

Cook all together..... 19



LHCDb analysis strategy: BDT

* Discrimination between S and B via Multivariate Discriminant BDT
(Boosted Decision Tree ) with 9 input variables:

— B candidate: proper time, impact parameter, transverse momentum, B isolation

— muons: min pT, min IP significance, distance of closest approach, muon
1solation, cosP

> L?"I"”I""I”"I"”I""P"'I"”I""P"' Flat between
= 1k O 1
8 F LHCb 3 0Oand 1 for signal
Qo _ .
o
x . - = 1
Peaked at zero %g— = =
for background - —_— .
107 —o .
: —0— :
-3 i —Q— i
10°E m Signal E
- O Background : L]
104 ba Ly Lo oo b by b v by a bayy I....T...-.—

0 01 0.2 03 04 05 06 07 08 09 1

BDT . :20

Crucial ingredient here are the IP and vertices resolutions




Dimuon mass versus BDT

Blinded region

The BDT is binned in 8 bins (for 2011 data) and 7 bins (for the 2012 ileita)



Dimuon 1invariant mass distributions in BDT bins

 Dimuon invariant mass distributions in BDT bins for the data
sample collected at 7 Te'V:

rikzoo N‘;’ N‘;’ 25 °§
Q2000 © 70 ® > 1oh LHCb
Sis00 = = =
o o 60 o o
4600 - - ™ 8
- - - -
<3400 ~ 59 - -
~ ~ ~ 15 ~
P P P P
1000 S S 10 o
i @ @ @ ¢

600 20

400 1o 5 2

200)

0 0 0 0

5000 520 54 5600 5800 6000 5000 5200 540 5600 5800 6000 5000 5200 540 5600 5800 6000 5600 5800 6000

m,, (MeV/c?) m,, (MeV/c?) m,, (MeV/c?) m,, (MeV/c?)

L
>
[}
=
o
-
-
)
~
(7]
P
[
[3]
>
w

Events / ( 110 MeV/c?)
Events / ( 110 MeV/c?)

[ it b 7 e et M
Events / ( 110 MeV/c?)

5600 5800 6000 5600 5800 6000 5000 5200 ~ 5401 5600 5800 6000 5600 5800 6000

m,, (MeV/c?) m,, (MeV/c?) m,, (MeV/c?) m,, (MeV/c?)

The combinatorial background in the signal regions is interpolated from mass sidebands
assuming an exponential shape 22



LHCb analysis strategy: exclusive background

Several exclusive backgrounds pollute the low mass sidebands and have to be taken into
account in order to not bias the evaluation of the combinatorial background in the signal
regions. The B> hh’ (h=r,K misidentified as p) is the only background that pollutes
the signal regions, namely the B° one.

~ 3 I | [

v e :

Ses | LHCb |  Yields for M,,=[4900,6000] MeV/c?

= [ B"window ] and BDT>0.8:

o ﬂ

- 2- -

o f Bo = mptvy

E . Bo., — h+h’- Bo — Tl"ll*Vp 404 £0.28

=

o

o B%s — h+h’- 1.37 £0.11
‘ Evaluated with high stat MC samples

G weighted by misID probability measured

0= ' — : : :
000 5200 400 5600 5800 8000 jp data and normalized with B+—J/yK+

m,, (MeV/c?)

23



exclusive background: B—hh’ with double misID

The B— hh’ (h=r,K misidentified as muons) is the only background that pollutes
the signal regions, mostly the B? one.

Muon system

Calorimeters

g L g vopaoely of chants: sies o MY DEE

Tracking system

B—hh — up : 0.94 x 104 after muon chamber matching

24



exclusive background: B—hh’ with double misID

The B— hh’ (h=r,K misidentified as muons) is the only background that pollutes
the signal regions, mostly the B? one.

Muon system

Calorimeters

g e ooy of chants: sies b MY DEE

Tracking system

.....
.~..\.\

d |
r
N n iy
1T TS \

RICH1

RICH2

B—hh — up : 0.94 x 10 after muon chamber matching
0.18x10-4 after global likelihood cut

24



exclusive background: B—hh’ with double misID

The B— hh’ (h=r,K misidentified as muons) is the only background that pollutes
the signal regions, mostly the B? one.

Muon system

Calorimeters

g e ooy of chants: sies b MY DEE

Tracking system

oy i
a
"Ny
1T TS \

RICH1

RICH2

B—hh — up : 0.94 x 10 after muon chamber matching

0.18x10“after global likelihood cut
8 Te\/[ — 0.76%9-26  .in B, and 4.1 17, . in the B mass regions ] 24




B—hh’ as calibration channel: mass peaks

We use B—nn, B—K n and B,—KK decays to determine the position of
the mass peaks and the mass resolution

)
?)

LHCb |

s/ (10 MeV/c?
/(10 MeV/c

Event
Events

56 5200 5400 5600 S 400 56
M) (MeV/c?) M(nK) (MeV/c?) M(KK) (MeV/c?)

8 TeV data
mpo (5284.36 + 0.264.¢ 0.13Syst) MeV / c?
mpo (5371.55 = 0.414a¢ £ 0.164y¢) MeV/c?

Peak positions at 7 TeV and 8 TeV agree better than 5x10-4 ’s




Jhp, w(2S), Y(18S,2S,3S) calibration channels:
mass resolution

. Y(1S5,25,3S) — W/l

6000~

Events / (5 MeV/c?)

8
8
Events / ( 20 MeV/c?)

2000~

0|

2
0 0
2

e L _ 4
3050 3100 3150 3600 3650 3700 3750

m(uy) (MeV/c?) m(up) (MeV/c?)

—
9500

. ]
10500 11000

m(uu) (MeV/c?)

% n Z

Use dimuon resonances at different mass = LHCb 1

scales, measure the resolutions and interpolate q ok |

at the BY and B, mass values. :

Compare with the resolution obtained from the 20 -
B—hh’ sample. S
4000 6000 8000 10000

m(up) [MeV/c’]

—26



)

Events / ( 5 MeV/c?

Jhp, w(2S), Y(18S,2S,3S) calibration channels:
mass resolution

. Y(1S5,25,3S) — uu

200

Events / ( 20 MeV/c?)

150

100

50

j ’ J\/\
0 1 1
2 2 . 2
0 0 o
-2 -2 ] .
— -2 3
3

e -
3050 3100 3150 3600 3650 3700 3750 9000 9560 10000 10500 77000

m(up) (MeV/c?)

m(uy) (MeV/c?) m(uy) (MeV/c?)
The results of the two methods are in agreement:

opo = (24.82 4 0.204a + 0.414s) MeV /¢
opo = (25.22 4021, £ 0.41.) MeV/c

1% difference observed between 7 TeV and & TeV data

The B(s) —pp mass lineshape is parametrized as a Crystal Ball function with
a transition point of the radiative tail determined from simulated events smeared 27
to reproduce the measured resolution



Tired?
We are almost there...



Normalization strategy
(or how to convert a number of events into a BR)

N(Bsqg — pp™) :[L X o(pp — bg)]xx BR(Bsg — p ™) E< ezirgegfgcezfgl ]

28



Normalization strategy
(or how to convert a number of events into a BR)

N(Bsg = pp”) :[L X o(pp — bE)]x fea X BR(Bea — p™ ™) X egfesisess,
- N (cal
[on(pp—)bg) (cal) }

feal X BR(cal) X egﬁ zg(l?eieaﬁ

28



N(Bsqg — pp™) :[L X o(pp — bg)]x fsax BR(Bsg — ptpu™) X essesces]

Entries per 2 (MeV/c?)

Normalization strategy
(or how to convert a number of events into a BR)

sig “sig “sig

iy

L x o(pp — bb) =

N (cal)

. trg rec ,sel
fear X BR(cal) X € cal EmEn

35

LHCb

30 det: 1.1f6"
25

4000

20
15

Events / (10 MeV/c?)

2000
10

...... PP By,

5200 5250 5300 5350

0 i . A N
2 5000 5200 5400 5600

We use two normalization channels: B"™—J/y K" and B;— K 28




Normalization strategy
(or how to convert a number of events into a BR)

From PDG

Feai€onl | |feal o N(Bsg — p'p”)
recesel fs,d IN(Ca‘l)I

sig —sig

BR(Bsg — p i) & BR(cal) p

measured FEvaluated on MC and measured
on data cross-checked with data on data

x10°

©  ssp T n
S LHCb ©
S 30 det: 111" 4 e
= B —)J / \|j K = 4000
al o
N 25 -
m N
2 20 2
E " 2000

10

5

0 o SR T TP T | P

5200 5250 5300 5350 5000 5200 5400 5600
Mass (MeV/c?)

m(hh) (MeV/c?)

We use two normalization channels: B"™—J/y K" and B;— K 29



Normalization strategy
(or how to convert a number of events into a BR)

BR(Bsg — pp™) :[aBs,d_)#-i_#_]x N(Bsg — p p™)

Results for 8 TeV data (equivalent table for 7 TeV data)

REC SEL|REC TRIG|SEL ' ‘
B Lcal €op) Seal N cal cal
REC SEL|RBEC TRIG|SBEL cal aBd—>It+u- QB,—>u+u‘
€sig G5ig esig
(x10-3) (x10~1)  (x10-19)

Bt — J/YK*+ 6.01+021 0494+0.016 0.932+0.012 424222+ 1452 |7.24+0.39 2.83+0.27

B - K*+n— 1.94+£0.06 0.817+0.028 0.057+£0.002 145791110 \6.93+0.67 2.71+034 |

The two channels give consistent results hence we take the average (8 TeV data)
( )
apo_su+u— = (2.80 £ 0.25) x 107 °

apo_su+pu— = (7.16 £ 0.34) x 1071
. J

In 60 MeV
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Normalization strategy
(or how to convert a number of events into a BR)

BR(Bsa — i) :[QB&MW_]X N(Bya = p* )

Results for 8 TeV data (equivalent table for 7 TeV data)

In practice, if you divide the BR by alpha you will get
the number of events we expect in the dataset at 8 TeV .
f BR(SM) = 3.5x10-1%, which is the number?

( )
apo_s+u— = (2.80 £0.25) x 1071

apgo_y+u— = (7.16 £0.34) x 10~
\. J

In 60 MeV

31



RGN




mass versus BDT
2012 blinded data

— 6000 —Tar ] )
§ IR .
O ®c0 ... ° __
E 5800 ® ::'.. ° . LHCb ]
R 'o... . "t e LIfb'8TeV) ]

|

[

|

|

Blinded box

) 0“...

0.4 0.6 0.8 1
BDT

The B, ;— pp group in the morning of October 25%.2.



mass versus BDT
2012 unblinded data

LHCb

e 1.1fb '(8TeV)

Bs mass
region

Bd mass
region
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mass versus BD'T

2012 unblinded

data
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Combined dataset: BDT>0.5

LHCb —

251
- 1.0 fb7'(7TeV) +1.1 b (8TeV)
—— -
- BDT>05 -
20 —
Lo

[a—
)
| [

[E—
-
e T T
’

Candidates / (50 MeV/c?)

—+
s
T

-]
T T 11
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Combined dataset: BDT>0.7

6&? 14 _‘
— - LHCb 1
% 12 F 1.0 fb™/(7TeV) +1.1 fb"(8TeV) ]
E - BDT>0.7 =
S 10 - =
s - ]
~ Q ] _:
N TN 7
L N §
< 6 — ]
= a §
o . ]
c% 4 pel” E
@) o) :_ -

0 :._ S — - ]
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Combined dataset: BDT>0.8

& 8 - .
\b = .
> 7 LHCb 1
O - 1.0 fb7'(7TeV) +1.1 b (8TeV) 1
> Of BDT>08 —
2 SH- =
— - -
S IEN E
N 7 7
< 3H N E
2 2F +- =
S . =
@ 1 . _;

0 =

6000

2
m,. - [MeV/c-]
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Observed and expected events

Mode BDT bin 0.0 -0.25 0.25-0.4 04-0.5 0.5-0.6 06-0.7 0.7-0.8 0.8-0.9 0.9-1.0
BY — u'p Exp. comb. bkg 188075 55573010 12177 4.16'05) 181109 077153 047 )4 0.24700)
(2011) Exp. peak. bkg 0.13*007 0.07'002 0.05%702 0.05'99% 0.0515:07 0.051307 0.05%007 0.054 P07 7 TeV
Exp. signal  2.70'3% 1.30'037 1.03%577 0.92'515 1.06%51% 1.10%51% 1.26%537 1.311038
Observed 1818 39 12 6 1 2 1 1 d ata
B" = u*p~ Exp. comb. bkg 1995737 59.2757 12,670 4441000 1.6710%% 075105, 0,447 05 0.22088
(2011) Exp. peak. bkg 0.78°03% 0.40") §3 o.dltg_:,,!, 0.2819:07 0.3119:42 0.3015:37 0.3170:22 0.307 044
Exp. cross-feed 0.43%5 15 0.21*001 0.16*) 03 0.15*50) 0174503 0.17*00; 0.20*003 0.21%00%
Exp. signal 0.3350 10 0.18*5 03 0.13*002 0.114392 0.13*3:92 0134502 0.154002 0.164) 0
Observed 1904 50 20 5 2 1 4 1
Mode BDT bin 0.0-025 025 - 0.4 0405 0506 0.6-0.7 0.7 0.8 0.8-1.0
BY = utp~ Exp. comb. bkg 2345775 56.7°5% 131715 442705 210705 0351533 0.39+ 939
(2012) Exp. peak. bkg 0.250%00% 0.1575:07 0.081003 0.081992 0.071592 0.061592 0.10* 5%
Exp. signal 3.69%03% 214337 120757 1164918 117518 1.154913 2.1349:23
Observed 2274 65 19 5 3 1 3 8 TeV
B” = y*p” Exp. comb. bkg 2491735 595155 13.95;7 474350 2100057 0552550 0200530 data
2012 E eak b 1 49#0 a0 0 86'}0")9 0 48+|],|6 04440‘15 0 424~().14 0. 3740 13 0 624-().21
( ) xp. peak. bkg 1.497;35 0.867;3%; 0.487;,7 0.447; 57 0.427;5 . 0.15
Exp. cross-feed 0.63'345 0.36'3058 0.20°50% 0.20°553 0201565 0. 20'?,-33 0.36* 505
Exp. signal 0444508 0.26%0 0% 0.14%) 02 0144502 0.144502 0.1445 02 0.26+3_gg

Observed 2433 50 19 3 2 2 2




ey

ﬁwdidate | |
_, n 1Cb event display

31.5.2012 15:02:43
Run 117084 Event 741317777 bld 78

M(up) = 5353.4 MeV/c?, BDT = 0.826, 7=2.84 ps
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B, ;— np candidate: zoom

0.2 mm

B_s0-> mut+ mu-
mass: [5353.350 -+ 20.095] MeV/c2

e

20
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B.— pu: sensitivity

7TeV (1 b))+ 8 TeV (1.1 fbl):
1

Observed limit LHCb A
1.0 b (7TeV) +1.1 fb (8TeV)

F
@)
bkg-only p-value: 5.3 x 10 5

(3.5 o signal significance)
0.6

Expected limit —
in the background 7
Expected limit hypothesis _j
in the background . _
hypothesis |  EoSea® oo N ]
Double sided limit: 0 ——T e
1.1 x 10 < BR(B,— pp)<6.4 10° @ 95% CL B(B! — w"w) [107]

Where the lower and upper limits are evaluated
at CLs+b=0.975 and CLs+b=0.025, respectively 38



B.— pu branching fraction

Unbinned maximum likelihood fit to the mass spectra:

- 8 BDT bins of 7 TeV and 7 BDT bins at 8 TeV are treated simultaneously
- fit mass range [4900-6000] MeV/c

Free parameters: BR(B,— pp), BR(B,— pu) and combinatorial background

The signal yield 1n each BDT bin is constrained to the expectation from
B— hh’ calibration

The yields and BDT and mass shapes for all the relevant exclusive
background are constrained to their expectations obtained with simulated events
reweighted for the misidentification probability obtained with data

Additional systematic studies on background composition/
parameterization:
- Add the Bs—K p v component to the exclusive background
- Change the combinatorial pdf from single to double exponential, to account for
- Possible residual contributions from Ab and B¢ decays

39



Fit slices: 8 BDT bins for 2012 and 7 BDT bins for 2011
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Combined dataset: BR(B,— pp)

7 TeV (1 fb'!) + 8 TeV (1.1 fb!):

| BRB— wy=(2715,,) % 107 |

U [y e e B T I =

SM expectation: (3.54+0.30) x 10~ 2 LHCb

10 f67'(7TeV) +1.1 it (8TeV)

N

Profile likelihood with nuisance
parameters floated within their errors

Systematics from nuisance parameters
and background modes:

3_
1_
0

— 2 4 6 8 910
B(B—uw) [107]

BR(By— pp) =3.2 714, (stat) *3 , (syst) x 107

Fully dominated by statistical error 41



BR(B,— pp): 7 TeV vs 8 TeV results

e 7TeV (1.0 fb'!):
BR(B,— p) = (1.4 %17 3) x 10°
p-value: 0.11

e 8§ TeV (1.1 fbl):
BR(By— pp) = (5.1724 ) x 107

* Results from 7 TeV and 8 TeV are compatible
within 1.5 ¢

42



B%— uu: upper limit

Use CLs method to evaluate the compatibility with background-only (CL,) and
Signal+background hypothesis (CLs+b): the 95% CL upper limit is defined at

CLs=CL,,,/CL, = 0.05

7 TeV (1 fb'!) + 8 TeV (1.1 fb!)

observed upper limit:
BR(B,— pp)< 9.4 x 10-1%at 95%CL

Expected limit:
BR(B,— pp)<7.1x10-1%at 95% CL

Compatibility with the background
hypothesis: p-value = 1-CL, = 11%

04

0.2

O L1

) LR B N ELALALE

LHCb A

1017 (7TeV) +1.1 6 (8TeV) _]
observed

Expected _

bkg+SM |

1 i \-—lh=|=__.__



1ard model o paricle physics

(what we know to
- el

What is hidden below?

Super simmetry? Extra dimensions?
Warped theories?




dard model of 1“@

(What we kno
5 .

How this result can help in understanding New Physics?
.. let’s compute a y* !!!

What is hidden below?

Super simmetry? Extra dimensions?
Warped theories?




BR(B,—upu) and Global Fits

An example: MasterCode (J. Ellis et al.) (http://www.cern.ch//mastercode)
Goal: perform global fits to measured quantities (including direct searches ) and
build a y2. compare with prediction from a given model (CMSSM, NUMHI,
mSugra, etc.)

N M ( rob fit )2 mas\,,T EE:_‘CPD ’. ’
! P2 N obs _ pfit e = —
X = Za(é,-c;l'z +I;()Pi)2 Z( S}\;i(‘fSM!S)ZL)
+ x*(b— sv) + x*(9.-2)  + X2+ x’(mn)
(+ X*(BR(B. » ) ) + X*(LHC)  + x*(XENON100)

Recent Expverimental Dd&a!

N: number of observables studied

M: SM parameters: Aayp,q, me, My

C;: experimentally measured value (constraint)

P.: MSSM parameter-dependent prediction for the corresponding constraint 44



Impact of B, — p"u on global SUSY fits

Global fit include many results:

— Higgs and SUSY searches at LHC, dark matter searches at XENON100,
EW and B physics measurements (such as b — sy, B" — tv, B, — up), g2

Two variants of the MSSM:
O. Buchmueller et al.
— Ay? profiles for B, — pu (state as of December 2011) arXiv:1112.3564

CMSSM NUHM1
9 T T T T T T T T 9 T T T
sf sl - =
'
6F E 6F : E
SE A 3
—
0 - . 1 AN I T I I P _: 0 '_ e :“'v: _,f T T I P P B _-
e 12253“":.‘1’;3?‘9 " BRE. ) YBRB ™ i Etveben g o 1 e ge g
With M, =126 GeV and (g2) )P /BR(B ) wmm-seevmaea CBR(B_—up)” . /BR(B_—uu)>"
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Impact of B, — p"u on global SUSY fits

Global fit include many results:

— Higgs and SUSY searches at LHC, dark matter searches at XENON100,
EW and B physics measurements (such as b — sy, B" — tv, B, — up), g2

Two variants of the MSSM:
O. Buchmueller et al.
— Ay? profiles for B, — pu (state as of December 2011) arXiv:1112.3564

CMSSM NUHM1

9 = 1 1 1 1 1 - ‘lx 9 = i L 1 T T SbA =
15 o
7E - 7
3 Excluded by = SE Excluded by IE
af LHCb @ 95% CL = 3 LHCb @ 95% CL E
3 . 3|
2 < 2|
1E E L N %
0 = 1 1 1 1 1 1 1 = 0 C N |",f"f RY 1 1 1 1 1 =

91 M, = 1251 Vdropng (g-2) 3 4 p5red 6 7 I -------------- 9\ M, =125 lev dropng (g-2) 3 4 pEr,ed 6 7 8
ey asien | BR(B, )" /BR(B )™ wmususcerndon BR(B,—uw)” " /BR(B,—u)™"
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NP in B, — p'u : model dependent view

D. Straub, arXiv 1205.6094

2(0 -~ ——————————
1.5 MSSM-LL
"I‘\ L
=
+~'
= <
T 10 F N
) —
~
aa)
2005
o MSSM-AC
—
U'() N L 1 N 2 . 1 L N 2 1 2 : .
0 RSc 10 20) 30 40 o0

10° x BR(B, — p ™)

Correlation between BR(B,—pp) and BR(B;—pp) in MFV, SM4 and 4 SUSY models
gray area + red area 1s ruled out experimentally at 95% CL, blue area at 90%
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...iew hours later the blogs!

e! Science News

LHCDb: Evidence For Rare Decay Bs To Dimuons

Monday, November 12, 2012 - 11:32

It has taken a while, but the rare decay of B_s mesons (particles composed of a bottom and an anti-strange
quark) to muon pairs has finally been seen. The authors of the find -we cannot yet call it an observation
given the scarce statistical significance of the signal- are the members of the LHCb collaboration, one of
the four experiments working with the proton-proton collisions delivered by the Large Hadron Collider at
CERN. read more
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It has taken a while, but the rare decay of B_s mesons (particles composet® an anti-strange
quark) to muon pairs has finally been seen. The authors of the find -we cannot yet call 1T
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the four experiments working with the proton-proton collisions delivered by the Large Hadron Collider at

CERN. read more
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quark) to muon pairs has finally been seen. The authors of the find -we cannot yet call 1T

given the scarce statistical significance of the signal- are the members of the LHCb collaboration, one of
the four experiments working with the proton-proton collisions delivered by the Large Hadron Collider at
CERN. read more
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LHCDb presents evidence of rare B decay










Conclusions -1/2

LHCD has presented an updated search for B,— pp combining
7 TeV (1.0 tb!) and 8 TeV (1.1 fb'!) data

The data in the B® signal region are consistent with
background expectation and we put the world’s best upper
limit: BR(B'— pp)< 9.4 x10-1° @ 95% CL.

We see an excess of B,— pp signal above background
expectation with p-value of 5.3x10* corresponding to 3.5¢
signal significance and a branching fraction:

BR(B,— pp) =3.2 15, x 107
This is the first evidence for the decay B,— pp



Conclusions -2/2

e But this 1s not the end!

- CMS 1s expected to present a new (and very competitive!) result
very soon

- ATLAS will follow
- LHCb, CMS and ATLAS will combine the results and possibly

reach a 5 o observation 1in a few months..



... and then we continue
with the B'— pp!

... to be continued.....
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LHCb pI‘OJ jection from 2011 data

& 127
° 115

A1o§
9
8K\

B(B] — u*w) [1

- N W P 01 O N

_‘IIII'iI'III'II']II'II"Illlf'll'lll'll']llll"ll_l'
1.5 2 2.5 3 3.5 4 4.5 5

Luminosity [fb™]
30% probability to have a 3 sigma signal significance with 1 fb-1 (2011) + 1 fb-1 (2012)




The models: 1.) CMSSM (or mSUGRA):

= Scenario characterized by

mo, m1/27 AO? tanﬂa Sign#’

mg : universal scalar mass parameter

myp universal gaugino mass parameter fat the GUT scale

Ap : universal trilinear coupling

/

tan 3 : ratio of Higgs vacuum expectation values

sign(p) : sign of supersymmetric Higgs parameter

= particle spectra from renormalization group running to weak scale




The models: 2.) NUHM1: (Non-universal Higgs mass model)

Assumption: no unification of scalar fermion and scalar Higgs parameter
at the GUT scale

= effectively M 4 or pu as free parameters at the EW scale

= besides the CMSSM parameters

My or p

Further extension: NUHM?2:
Assumption: no unification of the Higgs parameters at the GUT scale

= effectively M 4 and i as free parameters at the EW scale

= besides the CMSSM parameters

M4 and p




Global fits: mput data

EW observables
(largest inpact My, A% p APpg)

Flavour physics observables
(largest inpact b=> sy, Bs=2>up)

(g-2),

Higgs Mass
Cold Dark matter density
LHC direct searches

Observable Source Constraint
Th./Ex.
me [GeV] [39] 173.2 £0.90
Aal) (mz) [38] 0.02749 + 0.00010
Mz [GeV] [40] 91.1875 + 0.0021
I'z [GeV] [24] / [40] 2.4952 + 0.0023 £+ 0.001sysy
Ohaa [0b] [24] / [40] 41.540 + 0.037
Ry [24] / [40] 20.767 + 0.025
A (£) [24] / [40] 0.01714 = 0.00095
A(Pr) [24] / [40] 0.1465 + 0.0032
Ry, [24] / [40] 0.21629 + 0.00066
R, [24] / [40] 0.1721 <+ 0.0030
Am(b) [24] / [40] 0.0092 + 0.0016
Am(c) [24] / [40] 0.0707 + 0.0035
Ay [24] / [40] 0.923 + 0.020
Ac [24] / [40] 0.670 + 0.027
A;(SLD) [24] / [40] 0.1513 + 0.0021
sin” 0, (Qm) [24] / [40] 0.2324 + 0.0012
Mw [GeV] [24] / [40] 80.399 + 0.023 + 0.010susy
BRy ., /BRpS ., [41] / [42) 1.117 + 0.076gxp
+0.082sm £ 0.050susy
BR(B, = utpu™) 27] / [37] (< 1.08 £0.02s5ysy) x 10~°
BREY, /BREM ., 27] / [42] 1.43 + 0.43exp4+TH
BR(Ba =+ ptu) [27] / [42] < (4.6 £0.01susy) x 10~
BRE Gy ee/BRoG x v | [43]/ [42) 0.99+0.32
BRi, . /BRE S o [27] / [44] 1.008 + 0.014gxp4TH
BR, . /BRY ..o [45]/ [46] <45
AMg" JAMB" [45] / [47,48] 0.97 + 0.01gxp + 0275y
ks | 27/ [42,47,48) [ 1.00+0.01exp + 013w
Aeit " [Aeg” [45] / [47,48] 1.08 + 0.14ExP+TH
a "t —ay [49]) / [38,50] | (30.2 +8.8 +2.0sysy) x 10~
My, [GeV] 26] / [51,52] > 114.4 + 1.5susy
Qcpmh® [29] / [53] 0.1109 + 0.0056 + 0.0125ysy
o T B | mg.o plane
jets +Erp [16, 18] (mop, my /2) plane
H/A,H* [19] (M4, tan B) plane




Exclusive backgrounds S

Measurements:
B(B" = nmfu' ) = (2.34£0.6(stat.) £ 0.1(syst.)) - 10 ®, LHCb collab., arXiv:1210.2645
f.- B(BY = J/pltvX) =52124.107° CDF collab., PRL 81 (1998) 2432

B°—TTPVy and B°(s)-’h+h" Particle Data Group

Theoretical estimates:

B(B" — 7#'utu™)

BB o) 047033 W.-F Wang and Z.-. Xiao,, arXiv:1207.0265
B(B%—Ku*vy) = (1.27£0.49)x 10 W.-F Wang and Z.-J. Xiao,, arXiv:1207.0265
B(A) = ppv) = (1.594+0.84) - 10~* A. Datta, arXiv:hep-ph/9504429

|. Bigi et al., JHEP 1109 (2011) 012



Limits and sensitivity

%

0 -
_)
5 H'H UL are quoted at 95%CL
Expected UL | Expected UL Observed
Observed UL
(bkg) (SM+bkg) I-CLb *published results:
7 TeV 94 x101°* 1 105x10° [13.0x 10°*] 0,19~ UL=103x 10"
8 TeV 96x1010 | 10.5x 1010 | 12.5 x 10-10 0,16 I-CLb = 0.60
7TeV + 8TeV| 6.0x 1010 | 71x100 | 94 x10-7° 0,1

0 -

B— UM v
|-CLb =0.11

UL =5.1x10? at 95% CL
to be compared with published:
I-CLb =0.18
UL=4.5x 10%at 95% CL



B,—pp :LHC results on spring 2012

The Bs—>uu signal was slowly emerging from data. ..
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.. But which 1s the BR? 3 ¢ observation possible if BR=BR(SM) at the LHC with 2011+2012 data



...tomorrow! Framework
o R

2012: LHCb Upgrade Framework TDR
http://cdsweb.cern.ch/record/1443882/files/LHCB-TDR-012.pdf

* 2018: expect Lint =5 fb™
* 2028: expect Lint = 50 fb™!

‘l'oehnlcal Design Report

Type Observable Current LHCb Upgrade Theory
precision 2018 (50fb ")  uncertainty
BY mixing 28, (B — Jfv ¢) 0.10 [9] 0.025 0.008 ~ 0.003
28, (BY — Jh) fo(980)) 0.17 [10] 0.045 0.014 ~ 0.01
A (BY) 6.4x103[18  06x10% 02x10% 003x10°°
Gluonic 2357 (BY — @) 0.17 0.03 0.02
penguin 285 (BY = K*'K*") 0.13 0.02 < 0.02
25 (B" — ¢K3) 0.17 18] 0.30 0.05 0.02
Right-handed 235 (BY — ¢7) - 0.09 0.02 < 0.01
currents (B = ¢7) /T - 5% 1% 0.2%
Electroweak  S3(BY = K¥u*u;1 < ¢* < 6GeV¥ ') 0.08 [14) 0.025 0.008 0.02
penguin 30 App(B® — K““u i) 25 % [14] 6% 2% 7%
A(Kptp 1< ¢* < 6Ge\ﬂ/c ) 0.25 [15] 0.08 0.025 ~ 0.02

1.5x107° 2] 05x10% 015x10°°

Unitarity > (B = DUK®™) ~10-12° 19, 20] 4° 0.0° negligible

triangle ~ (B? - D,K) - 11° 2.0° negligible
angles B (B = J/wK?) 0.8° [18] 0.6° 0.2 negligible
Charm Ar 23x 1073 [18 040 x 10~% 0.07 x 10~ -

CP violation AAcp 21x10% 5] 065x10° 012x10°*




b fragmentation fs/f4 (80

LHCb measured has 2 independent measurements (at 7 TeV):
- ratio of B% — D,uX to B— D*puX  [PRDS5 (2012) 032008]

- ratio of B% — D~Tt" to B - D" K*and B — D~11*  [LHCb-PAPER-2012-037 in preparation]

new
updated at HCP

Combined result at 7 TeV < osk LHCb

fs/ fa = 0.256 £ 0.020 oal

Found to be moderately dependent on pt: : .
- effect <10 for the considered pr range b E
— dependence is ignored : :

o A S
pT(B) [MeV/c]

For 8 TeV data, check the +/s dependence of fi/fs by looking at

B% — |/wew /B* = |/WK* ratio ==> stable within 1.5 ¢



