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Status of B—ptp-

March 2012

[ l

ggggg;‘m LHCb and CMS getting
| CDF 7 fb™* : very close to get

PRL 107 (2011) 191801

CDF 10 fb™! sensitivity for observing a

www-cdf.fnal.gov/physics/new/bottom/ i 20209.bmumu10fb/

ATLAS 2.4 fb™’ SM rate...

ATLAS-CONF-2012-010

CMS 49 fb"’

CMS PAS BPH-11-020

LHCb 1 fb™"

LHCb-PAPER-2012-007

SM Prediction

I(68% CIL regiqn) | | | |
0 20 40
BF(B_—uuw)x 10° @ 95% CL

- %

THAT ESCALATED QUICKLY

LHC combination (June 2012): BR(B%—p*tp=)<4.2x10° @ 95% CL

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



Standard Model prediction

FCNC process — very small branching fraction:

B(BY — pp7) =0 (3.23 £0.27)-107° f;g;sozt?)al-. arXiv:
.0934
BB = ptp )™ = (1.07£0.10)- 1071

The authors used st — (227::8) I\/IeV, Mc Neile et al., PRD 85 (2012) 031503

Na et al., arXiv:1202.4914
Bazavov et al., arXiv:1112.3051

averaging from recent lattice inputs

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

o
BBS —utu™)" =

”"Q_ De Bruyn et al., PRL 109,
041801 (2012)
ot Uses LHCb-CONF-2012-002




Beyond the SM

2

4dm 2m
BR(Bs; — ptpu~) oc [Cy — O (1 — 2“> +1(Cp — Cp) + =5 (Cro — Cp)I?
mg. my.
Scalar Wilson coefficients Cs . Cp: Vector-Axial Wilson coefficients Cip:
Virtually unconstrained by other proc. Only Cio non-zero in the SM, constr.
. +f-
Possibility of large effects ruled out at by b—rst+t
LHCb Start to be probed only now
Altmannshofer, Paradisi, Straub arXiv:1111.1257
Bobeth, Hiller, van Dyk, Wacker arXiv:1111.2558

Descotes-Genon, Ghosh, Matias, Ramon  arXiv:1104.3342

Model independent view:

use all experimental info from B—X {+{-, B—Xsy, B=K*ptp~—, B—=Kptp— and
B—ptp~ to set model-independent constraints on Wilson coefficients

In the most general case, every value of B(Bs—p™p~) below
present limit is possible without conflicting with the other

observables
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Beyond the SM

Model dependent views

CMSSM and NUHM1 predictions on BR(B%—p*p~)np/BR(B%—ptp=)sm

including last

constraints on Higgs (Buchmueller et al., arXiv:1112.3564v2, May 2012)
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e With M, = 125 GeV and (g-2)
Pre-Higgs, with (g-2) constraint

BR(B )" /BR(B,—up)"™"

NP enhancements of BR(B;—p*tp~) are constrained to be smaller or

at the same level than the SM prediction. There still remains, however,

room for a contribution from physics beyond the Standard Model.
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Datasets

The updated BYs)—ptp~ searc

n uses the following datasets:

1.0 fb! at 7 TeV (2011) -

- 1.1 fbl at 8 TeV (2012)

LHCDb Integrated Luminosity

2012: another great
year of data taking

ITTITTETTTIg]

Delivered in 2012 (4 TeV): 2.206 /fb
Recorded in 2012 (4 TeV): 2.079 /fb
Recorded in 2011 (3.5 TeV): 1.107 /fb
Recorded in 2010 (3.5 TeV): 0.038 /fb

thanks to the
performance of LHC

grated Luminosity (1/fb)

additional 1.1 fb! to be
analyzed
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7 TeV data already published in PRL 108 (2012) 231801 is reanalyzed as part of the
measurement presented here; the result supersedes the previous publication
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LHCb detector
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B%s—p p~ at LHCb

1) Managed to run the experiment at 4x 1032 cm=s?t with 1262 colliding

bunches (twice the design luminosity with half number of bunches)
— 4 times more collisions per crossing than design: <p>gtev~1.7

— higher occupancy in the detector
— challenging for the trigger

2) Large acceptance, efficient muon trigger

- acceptance X reconstruction

Instantaneous Luminosity Updated: 08:28:32

efficiency for signal is ~10%
- LO: single p pt>1.76 GeV/c, di-p a
J(pT1* p12)>1.6GeV/cC
- HLT: [P and invariant mass cuts

- overall trigger efficiency ~90%

Luminosity / 1e30 cm-2s-1

LHCb instantaneous 0

—

21;00 23;00 DI:IUU 03;00 05:00 07:00
luminosity: leveling — ATIAS — AUCE — CMS — LHCb

© work!




B%s—p p~ at LHCb

3) Background reduction:

- Very good momentum resolution : 8p/p~0.4% — 0.6% for p=(5-100) GeV/c
- Muon identification: matching between tracks reconstructed in the spectrometer

and hits in the muon stations + moderate requirements on global PID likelihood
(RICH4+CALO+MUON):

for this analysis: g(p—p)~98%, g(mt—p)~0.6%, e(K—n)~0.3%, e(p—p)~0.3%
4) Excellent vertex and IP resolution:
- to separate signals from background : o(IP)~25 pm @ p;=2 GeV/c

~1.7 pp
Interactions
per Xing

11414 SM events expected in 1.0 b1 +1.1 fb!
10



Analysis strategy

- Data kept blind until analysis completion

- Selection
Pairs of opposite charged muons, making a vertex displaced with respect to
the primary vertex and m, in the range [4900-6000] MeV/c?; loose cut on
MVA discriminant
- Signal/Background separation by invariant di-p mass and a MVA classifier (BDT)
including kinematic and topological information
BDT training on MC signal and background samples
BDT calibration for signal with exclusive B%sy—h*h’~ channels (h=m, K)
and for background with IM sidebands
- Normalization with B¥—J/{K* and B'—K*mt~



Analysis strategy

- Background estimation
Combinatorial bb—ppX
Double mis-identified B%s—h*h’-
Detailed studies on various exclusive backgrounds

updated on 7 TeV
and 8 TeV

Results are provided in terms of:

- Limits and significance determination with CLs method
Signal window: m(BY%s))+60 MeV /c?

- Unbinned maximum likelihood fit for the branching fraction
Use full mass range: [4900-6000] MeV/c?

The results have been updated for 7 TeV data, after

the improvements in the background determination



Signal characterization



Signal discrimination: BDT

signal: 2 muons from a single well dominant background: two
reconstructed secondary vertex real muons from bb—ptp=X
. v
>
B
M-I_ - \3 3 ‘\
M+

Discrimination is achieved by a BDT with 9 input variables

B candidate: muons:

~min pr this choice of variables

- proper time

_ min IP significance avoids correlation with

- distance of closest approach ~ Invariant mass

- muon isolation,

- Impact parameter
- transverse momentum

- B isolation

- cosP 4



BDT variables

$02: | $0-35 | | L L
g 0.18F —e— Data IM sidebands g 0.3 —o— Data IM sidebands
> 0.16 backeround 2 background
g 0.14 ;_ . —e— MC backgroun § 0.25 —e— MC backgroun
:-g 0.12 + —e— MC signal ;c.:c 0.2 —e— MC signal
01| &
F 0.15
0.08F LHCb
0.06 - |- 0.1
0.04
0.02 fe- 0.05
O C | h O MR R T T L1 T
0 0.05 0.1 0 1 2 3 4 5 7 TeV
Bp [mm] B decay time [ps] d .
S 02 - | ﬁ 1 =L ! ! ! | ! ! ! | ! ! ! | ! ! ! I a a
g 0.18 - —e— Data IM sidebands g 09¢ —e— Data IM sidebands
> 0.16 > 0.8E
=t = —e— MC background =] 3 —e— MC background
5 0.14 - 5 07F
:-C% 0.12 —e— MC signal :-c% 0.6 3 —e— MC signal
0.1 05F
0.0sf ¢ 04F
08E LHCb 4 LHCb
0.06 | 0.3F
:_ = & @&
0.04 £ 0.2E —.—
0.02 0.1F e
ok ! : ; 0 E— L1 .
0 0.05 0.1 0 2 4 6 8
muons DOCA [mm] Iso(u*) + Iso(u )

Optimization and training on MC B%—p*p~—signal and bb—ptpu=X background
Same definition of BDT is used for 7 TeV and 8 TeV data, since most of the input

variables are in very good agreement (checked on B¥*—J/{K* )
15



BDT calibration

BDT output to be flat for signal, and peaked at zero for background
> ] | | |
= 10 E
vQ - . . -
8 10_1 = —i—a i i —=
= - ~ E
Signal BDT shape from 02 i —— 8 eV data -
B%s)—h*h’~ (h =K 1) events, s —— %
which have same topology as the i e -
. 3L _
signal 07F m signal
Background BDT shape is . - O Background ; + -
evaluated on the dimuon mass 10 0o 02 04 OI.6 — OI.8 ]
sidebands BDT



BY%s) mass peak

Candidates / (10 MeV/c?)
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1000

500

8 TeV data
Mo (5284.36 = 0264101 = 0.134y,) MeV /2
mpgo (5371.55 £ 0.41445 = 0.16,,5) MeV/c?

Peak position determinations for 7 TeV and 8 TeV data
agree at better than 5x 104



mass resolution

T O0F '
Two independent methods: E ~ LHCb
1) Interpolation of dimuon = | 8 TeV data
resonances: J/¢ and ¢(2S), ° 4ok
Y(1S)Y (25), Y (3S) ]
2) From BOs—h*h'~ _
20
- 0 0
Results are in agreement: - 5715

C 1
4000

I | I
6000

O RO

O'B(S)

(24.63 -

Z 0-13stat —

(25.04 -

- 0.366yst) MeV/c?

- O°188tat —

- 0.364y5:) MeV/c?

I | I
8000

8 TeV data

~1% difference observed between 7 TeV and 8 TeV data

Ll
10000

m,,, [MeV/c?]

For the signal mass pdf we use a Crystal Ball function: transition point of the

radiative tail from simulated events smeared to reproduce the measured resolution

|18



Normalization



Normalization strateqgy

SEL|RE(] TRIG|SEL
BR — BRey x| 2l ke | e NEpute oy
o al REC SEL|RE(] TRIG|SEL f N — Cheal By—ptp
€. "TE._. : BY cal
S1g S1g S1g q
Evaluated from MC, Measured on
cross-checked with data data
2 independent channels:
e B+ — J/PK* B0 — Kmt
(i: £ ' I ' ' ' ' I ' ' j ' I ' ' ' ' I ' ' QSOOO__ | ! ! ! | ! ! ! __ errors
> > . dominated by
i é 4000 | PID
P = 2000 reweighting
%, : ......................
§ 2 2000 |- 1
> - ] Trigger
1000F E independent
- 50 VP i R N S of the signal
5200 5250 5300 5350 000 5200 5400 5600 . .
my,,, k [MeV/c?] my . [MeV/c?] IS reqwred
wrt signal: similar trigger, wrt signal: different trigger,
one more track same topology
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b fragmentation f/f;

LHCb measured has 2 independent measurements (at 7 TeV):

- ratio of B% — DspuX to B — DtpX [PRDS5 (2012) 032008]
= ratIO Of Bos — D_5T[+ tO BO — D_K+ and BO — D_Tl:_l_ [LHCb-PAPER-2012-037 in preparation]
Kmo.é_----.--.-.----.-m-_
~.  F new .
updated at HCP . 0sE LHCb 3
Combined result at 7 TeV 045 -
fs/fd = (0.2056 &= 0.020 035 -

Found to be moderately dependent on pr: 0'25_ ‘E
effect <1o for the considered pr 0.1F -
range — dependence is ignored OE s

0 10000 20000 30000 40000

p T(B) [MeV/c]

For 8 TeV data, we checked the 4's dependence of fs/fq by looking at
B%—J /e /BF—J/PK= ratio and found it stable within 1.5 o

21



Single event sensitivity

€rec ¢ se
B ROrm —norm norm N norm norm
5 2 8 norm

ABy—utp-  CBoptp-

(x107°) (x1071)  (x10719)

Bt — J/YK* 6.01+0.21 0.548+0.018 0.932+0.012 424200+ 1500| 7.24+0.39 2.83+0.27
B - Ktn~ 1.94 +=0.06 0.908+0.031 0.057=+=0.002 146004+ 1100 | 6.93 £0.67 2.71+0.34

The 2 channels give consistent results, we take the average
apo_,+u- = (2.80 £0.25) x 107"
QBO_, it~ = (7.16 T 0.34) x 1071

[the quoted values for a refer to m(B%s))+60 MeV /c? mass range; they have to be

8 TeV data

multiplied by ~0.9 in the full mass range]

Assuming SM rates, after selection we expect in 8 TeV data (1.1 fb'!) ~13
Bo%—ptp~ and ~1.5 B%—p*pu~ in signal region (m(B%))+£60 MeV/c?)

22



Background estimation



Background sources

The main background source in the BY%s) —p*Tp~ signal window,
m(B%s))£60 MeV/c?, is combinatorial from bb — ptp=X

For CLs computation, the expected background yield in the signal region is

evaluated from a , for each BDT bin separately
3000 T T TR rTITTTETETEAE
An exponential shape is L
assumed 2500 o LHCb
e BDT<0.25

For BDT values <0.5 this is
by far the dominant bkg

[—
W
S
-
|

source in the mass range
[4900-6000] MeV/c?

Candidates / (110 MeV/c?)
&
S
1

[—
-
-
-
|

BY window

500 |

OLI_I—r—rIIlJ:.:II:.IIIIIIIIIII

5000 5200 5400 5600 5800 6000
m,, [MeV/c?]
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Exclusive background sources

Various exclusive decays have been studied which are able to fake a signal by misID of either one

or two hadrons or by two muons coming from the same vertex:

BO—m—ptv,

Bo%—K—ptv, B+O) =t Opty-

A% —spp—vy Bte—J/db(ptp~)utwa
BOs)—hth'=

(other channels like B—(D—pX)pX, B—ttX being negligible in [4900-6000] MeV/c? ...)

These background sources can affect the result in two ways:
1) non negligible contribution in the signal mass window, m(B%s))+60 MeV/c?

2) mass shape different from exponential — bias in the combinatorial background
interpolation from mass sidebands
in published analysis, all backgrounds were approximated by an exponential shape,
but we reduced the mass range for the interpolation to minimize the bias

25



B%)—h*+h’~ double misID

1. K—p, T—p probabilities as a function of momentum and transverse
momentum are determined on data from D*t—D%*, with DO— K-t
2. These probabilities are then folded with the MC spectra for the
BOs—h*h'— decays to get the average double misID efficiency, gdouble-misiD
3. The mass acceptance for the decay to fall into the signal window is then
evaluated by using smeared MC

4. For 8 TeV data, full BDT range, we get:

Events in BY

X0.09  mass window
€double-misID

after muon Edouble-misiD A 0.76+9-26 1
N q Chamber # after glObal PID
o - likelihood \ |
matching Events in BY%
O 94>< 10—4 018>< 10_4 XO 48 mass window

4 1+1'7-O.8
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Exclusive background sources

In the present version of the analysis, we improved the combinatorial background

interpolation, by including the relevant exclusive backgrounds as separate
component in the fit
- Invariant mass and BDT distributions from high statistics MC samples, weighted by misID
probabilities measured on data
- Expected vyields evaluated by normalizing to B* — J/{K*

W

llllllllllgl 1 1 I 1 | | I | L

; dominant channels:
B? window 5 LHCb

N
o

Yields for [4900-6000] MeV /c?, and BDT>0.8

3 B & wmptv, 4.04 £+ 0.28
BY = mpty,

llllllllllllll

Events / ( 110 MeV/c?)

—

llllllllllll

these decays are included in the mass sideband
fits (constrained to their expected yields)

o
o

systematic studies to evaluate the effect of

lllllllllllllllllllllllllllll

ot e NS the subdominant channels

5000 5200 5400 5600 5800 6000

m,, (MeV/c?)




Background description (8TeV

Mass sideband fit is shown: 7 BDT bins used (two most sensitive bins merged)
Fit components: combinatorial (exponential)+ B—n—p*v, + + BY%s)— hth'-

0.5<BDT<0.6 LHCb

(e}

S

12

N 9%}
W S
(e (e}
[} (e]
.-f

—

W

)

(=)

I

B w (o) 3 [ee]
) o

Candidates / (110 MeV/c?)
[en)

Candidates / (110 MeV/c?)

Candidates / (110 MeV/c?)
S
8
1
Candidates / (110 MeV/c?)
S

—
o
S
o
I
98]
[e]
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sk BDT<0.25 0.25<BDT<0.4

PR B R 0 SPEE N PR E .

500077 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000
m,,, [MeV/c?] m,,, [MeV/c?] m,,, [MeV/c?]

0.6<BDT<0.7 LHCb 0Ff 07-BDT<0.8 LHCb 1 0.8<BDT<1.0 LHCb

Bl—nptv,

Candidates / (110 MeV/c?)
@,

Candidates / (110 MeV/c?)

Candidates / (110 MeV/c?)
[9)]

BO(S)—)h+h'_
total

0 &= . — 0 =l SR 0 by
5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000
m,,, [MeV/c?] m,,, [MeV/c?] m,,, [MeV/c?]

The combinatorial bkg in the signal region is extrapolated from the sideband fit result
(accounting for poissonian fluctuations of the number of events in the sideband)
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Background description (/7 TeV

The same fit has been repeated also for 7 TeV data, 8 BDT bins, since in the published
result no exclusive bkg were considered in the sidebands

LIS R LR B B B R L B B

2 i: 80 1: g ]
> 2200 F > > > ]
< 2000 F S 70 < 2 LHCb ]
< 1800 F S «w = = 0.5<BDT<0.6
1600 F o - - ]
P 2 > 50 ~ Z .
g 1400 g g 8 ]
5120 < w0 : g :
5 1000 F S 3 3 —+
& 800 F 5 30 S g .
@) Q @) @) ]
600 F 20
;gg 3 BDT<0.25 10 0.25<BDT<0.4 0.4<BDT<0.5 —I_
0 E 1 aad oo o 0 | ] " il N LS. -
5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000
m,,, [MeV/c?] m,,, [MeV/c?] m,,, [MeV/c?] m,,, [MeV/c?]
(/\';\ 10 [ T T T T T r<]: 6 {\];\ LI LI R B LB S B R rrr[rr7 (E: 6 T T L T T T ]
> i > > >
9  0.6<BDT<0.7 |LHCb @ Q 0.8<BDT<0.9 LHCb 0 LHCb
= 8t - = 5 p= = 5 .
(e} 3 () o o
p— L — — —
Z } Z 4 Z ) -
~ 6 - —— - ~ ~ ~
s 8 8 3
g £, £ £ 3 1 0.9<BDT<1.0
3 = = 3
el o) o) e
=] =] =] (=)
< < 2 [a~] < 2 -
Q @] @) @)
1 1 - -
O L S P R R RN SRR N
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Bl—nptv,
Combinatorial background yield reduced in the high sensitive bins;
impact on the published results has been evaluated B0 —h*h'-
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Science comrespondent

One of the most important missions of the Large Hadron Collider at CERN
is to search for phenomena that cannot be explained by the standard
model of particle physics. In this context, the latest result from the LHCH
expernment, now reported in Physical Review Letlers, is a bittersweet

Researchers at the Larae Hadron Collider ' victory [1]. The LMCb collaboration has, for the first time, observed
avidence for the very rare decay of a neutral meson imo a pair of muons
Only about one in every 300 million of the meson's decays happen this
way, and il is no small feat that LHCD has been able 1o detect the few that

do. The rate at which the decay occurs also agrees with the value

Results

Fiest Evidence for the Decay 8<C Wty
R Aal et al. (LHCb Collaboration)

Phys. Rev. Lett. 110, 021801 (2013) subjec' Areas
Publshed January 7, 2013 | PDF (free)
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6/12/12 accepted for publication as a
Letter in Physical Review Letters.
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8 TeV data: open the box!
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you really look like a Bo%—ptpu—

13.5.2012 8:24:38
Run 115275 Event 1941832142 bld 1447

B candidate: myy = 5353.4 MeV/c? muons: pTu+ = 2329.5 MeV/c
BDT = 0.826 pTu— = 4179.4 MeV/c
pT = 4077.4 MeV/c
t = 2.84 ps




you really look like a Bo%—ptpu—

0.2 mm ticks]

8 TeV data

[mm]
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BY—utpu—: upper limit

Use CLs method to evaluate compatibility with background only (CLy) and signal 4+ background
hypotheses (CLs+b); the 95% CL upper limit is defined at CL; = CLs;,/CL,=0.05

el T T T T ]

@) i

7 TeV (1 fbl) 4+ 8 TeV (1.1 fbl) 08 LHCb -
observed upper limit: 0.6 -
BR(B°— ptp) < 9.4 x 1019 at 95% CL i
04 —

expected limit: 0.2 —:
BR(BO—s p+p) < 7.1 x 1010 at 95% CL i
m

1 1.2 1.4

Compatibility with bkg only hypothesis: p-value = 1-CL, = 0.11
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Bls—ptp—: sensitivity

771

K
O
7 TeV (1 fbl) + 8 TeV (1.1 fbl) 08

0.6
bkg only p-value: 5.3x10*

(3.5 o excess) 0.4

0.2

0

double-sided limit:

B(B. — u* w) [107]
1.1x 10—° < B(B%—ptp) < 6.4x10-2 at 95% CL

where the lower and upper limits are evaluated at CLs+b, = 0.975 and Clsyp = 0.025, respectively
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BY%—p*p~: branching fraction fit

= Unbinned maximum likelihood fit to the mass spectra

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

= Free parameters:
BR(B%—p*u~), BR(B’—p*p~) and combinatorial background
The signal yield in each BDT bin is constrained to the expectation from
B?)—h*h’~ calibration,
The yields and pdf’'s for all of the relevant exclusive backgrounds are constrained
to their expectations

= Additional systematic studies on background composition/parameterization:
add the B%—K~ptv, component to the exclusive background

change the combinatorial pdf from single to double exponential, to account for
possible residual contributions from A% and Bt. decays
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Fit results for all BDT bins

7 TeV data, 1.0 fb!
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<2000 = 0F = = 10
= = = 8 BDT bi
1600 = f = = 8 InS
51400; ESOE 515 E
F100f S0k g g °
5 1000 £ S o F 3 10 5
£ 800 £ F 5 5 4 0 SR
u : BO,—sptp
400 E : 5 2 S
200 E 10F
E 1 1 ol 1 1 0 0

) = 0 = —_—
5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000 B 0 % _I_
m,, [MeV/c?] m,, [MeV/c?] m,, [MeV/c?] m,, [MeV/c?]

T e B%<—hth’—
Bl —ptv,

LHCb

N o]
1
1

Candidates / (110 MeV/c?)
~

Candidates / (110 MeV/c?)

Candidates / (110 MeV/c?)

Candidates / (110 MeV/c?)
o

total

. 1 1 0 - 1 0 - 0 -
5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000
m,, [MeV/c?] m,, [MeV/c?] m,, [MeV/c?] m,, [MeV/c?]
23000 {,\; 80 ; :“\: 25 1 1 1 1 1 E {\,\l: 14 1 1 1 1 1
> > 3 > [ >
[5) o 70 [5) [ [5)
= 2500 S E S S 12
S Seof = F 1 =2
22000 Sof = z 10
P 2 F 515 . P
[0} [0} o Q B Q
= 1500 S 40 F s 3
=2 = 3 = 2
el he) 30 F ] = 10 el 6
51000 F 3 SV E = =
@) @) 20 :_ _: O F O 4
- - o 3 5F -
500 wE 3 C )
0

_1 0 et 1 1 NL*A.;.I...I...E ()::::&annnlnnnlnnn 0
e a a 5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000
] " m,, [MeV/c?] m,, [MeV/c?] m,, [MeV/c?] m,, [MeV/c?]

—_
[=)

Candidates / (110 MeV/c?)
Candidates / (110 MeV/c?)
Candidates / (110 MeV/c?)

1 1 1

e 0 == 0 ——
5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000 5000 5200 5400 5600 5800 6000
m,, [MeV/c?] m,, [MeV/c?] m,, [MeV/c?]

37



Combined dataset: BDT >0.5
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Combined dataset: BDT >0.7
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Combined dataset: BDT >0.8
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Combined dataset: B, —ptp-

7 TeV (1 fb1) + 8 TeV (1.1 fbl):

BR(B%—ptp~) = (3.2t1°_;2)x107?

SM expectation =5 'F 7
(3.5440.30)x 10°° < 6f E

J: -

syst from nuisance parameters na E
and background models: - -
3 —

(3.2"’1'4_1_2 (stat) "'0'5_0_3 (SySt))XIO'9 25_ _E
1E -

fully dominated by stat error 0 5 6 8 10
B(B,—~uw) [107]

profile likelihood with nuisance parameters
floated within their errors
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Bls—ptpu— : 7 TeV vs 8 TeV

7 TeV (1 fbl):
BR(B%—p+p~) = (1.4+17_;3)x 10

p-value: 0.11
8 TeV (1.1 fbl):

BR(BOS—)U+|J_) = (5.1"’2'4_1_9) x 102

p-value: 9x10-*

results from 7 TeV and 8 TeV are
compatible at ~1.5¢
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Summary

| presented today an updated search for BY%s—pTp= combining 7 TeV (1.0 fb'!) and
8 TeV (1.1 fb!) data

An excess of B%—p*p~signal above background expectation is found, with a p-value

of 5.3x10*, corresponding to 3.5 o
this is the first evidence of B%—ptp— decay!

A maximum likelihood fit to data yields
BR(B%—ptp~) = (3.2+15_1,) x 107
in agreement with SM expectation

On the same dataset, we set the most stringent limit on B®—p*p— decay:

BR(B—=ptp~) < 9.4x1019% at 95% CL

We warmly thank our colleagues in the CERN accelerator departments for

the excellent performance of the LHC!!
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Spares
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Glimpse on the Future =

| LHCb
2012: LHCb Upgrade Framework TDR UPGRADE

http://cdsweb.cern.ch/record /1443882 /files/LHCB-TDR-012.pdf

year 2011 2012  2015-2017  upgrade

sl : 1.5(*) 4 50 wen Sl
= il
(*) we actually collected 2!

Technical Design Report

The integrated statistics used in the uncertainty extrapolation for 2018 and
the upgrade (2028) are respectively Lint = 7 fb~! and Li,x = 50 fb~!

Observable Current LHCb Upgrade Theory
precision 2018 (50fb"')  uncertainty
B(BY — ptpu) 1.5 x 1079 [7] 05x107% 015x107% 03x1077
B(B° — putu)/B(B? = ptp) — ~ 100 % ~ 35 % ~ 5%

Extrapolation from 2011 Published analysis (1.5 10-? precision)
where the stat. uncertainty is scaled as 4N.
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http://cdsweb.cern.ch/record/1443882/files/LHCB-TDR-012.pdf
http://cdsweb.cern.ch/record/1443882/files/LHCB-TDR-012.pdf

Exclusive backgrounds

Measurements:

B(B* — ntutp~) = (2.3 +0.6(stat.) = 0.1(syst.)) - 1078, LHCb collab., arXiv:1210.2645
fe-B(BY = J/yltvX) =5.2431-107° CDF collab., PRL 81 (1998) 2432

B—mpv, and BYs)—hth™ Particle Data Group

Theoretical estimates:

B(B° — nutpu™)
B(B* — mtutu”)

= 0.4770:22 W.-F. Wang and Z.-J. Xiao, arXiv:1207.0265

B(B%—Kutv,) = (1.27£0.49)x10* W.-F. Wang and Z.-J. Xiao, arXiv:1207.0265

B(Ay — puv) = (1.59£084) - 107 A. Datta, arXiv:hep-ph/9504429
. Bigi et al., JHEP 1109 (2011) 012
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Limits and sensitivity

BY—rptpu
UL are quoted at 95%CL
Expected UL Expected UL Observed UL
(bkg) (SM+bkg)
7 TeV 9.4 x 10°10* 10.5 x 1010 * 13.0 x 1010 *
8 TeV 9.6 x 1010 10.5 x 10°10 12.5 x 1010
7TeV + 8TeV 6.0 x 1010 7.1 x 1010 9.4 x 10-10

BY=pt” 7 Tev
1-CLb = 0.11
UL = 5.1x10° at 95% CL

to be compared with published:
1-CLb = 0.18
UL = 4.5 x 10?2 at 95% CL
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Observed
1-CLb

0.19 *

0.16

0.11

*published results:
UL = 10.3 x 1010
1-CLb = 0.60



Observed and expected events

Mode BDT bin 00-025025-0404-0505-06 06-0.7 0.7-08 0.8-09 0.9-1.0

BY - pu*p~ Exp. comb. bkg 1880732 555730 121113 4.16%055 1.8170%2 0.77190:32 0.47105% 0.247522

(2011) Exp. peak. bkg 0.13*00T 0.07'0:02 0.0570:02 0.051992 0.0500% 0.051502 0.05%09% 0.05*)02

Exp. signal 2.7010-80 1.30*02T 1.03*9-22 0.92*01% 1.0610:17 1.10*0:17 1.267529 1.317928 2 TeV

Observed 1818 39 12 6 1 2 1 1 e
B° - pu*p~ Exp. comb. bkg 1995731 59.2733 12,6118 4.44%0%2 1.67705% 0.7510:38 0.4470-37 0.227528 data
(2011) Exp. peak. bkg 0.7803% 0.40"91% 0.31100% 0281202 0.31%9:22 0.30*5:39 0.3179:2% 0.30%0- 24

Exp. cross-feed 0.43107% 0.217007 0.167003 0.15700 0.1700% 0.171905 0.20159% 0.217003

Exp. signal 0.3370-10 0.167093 0.1379:02 0.111902 0.13%9:02 0.13*0:52 0.157592 0.167003

Observed 1904 50 20 5 2 1 4 1
Mode BDT bin 0.0 -0.25 0.25-0.4 0.4-0.5 0.5-0.6 0.6 -0.7 0.7-0.8 0.8-1.0
BY — ptpu~ Exp. comb. bkg 2345%50  56.7750 13.1717% 4.42*0%0 2.1079%7 0.3510 72 0.391 55
(2012) Exp. peak. bkg 0.2507505 0.151003 0.089:03 0.08%0:05 0.0710:03 0.060 03 0.1019-03

Exp. signal 3.691059 214037 1.201922 1.16701% 1.17*018 1.15%0:12 2.13+0-33

Observed 2274 65 19 5 3 1 3 8 TeV
B - ptp~ Exp. comb. bkg 2491732 59.5%33 13.911% 4747000 2.1010 11 0557050 0.29+0-33 data
(2012) Exp. peak. bkg 1.49703% 0.86102) 0.48*0 }3 0.44191% 0.4219:15 0.3710:05 0.621921

Exp. cross-feed 0.63'009 0.367097 0.2019:03 0.20*992 0.20*503 0.20*9-53 0.36+0:0¢

Exp. signal 0.4410-9% 0.2670:0% 0.1419-92 0.14*79-02 0.14*9-02 0.14*)02 0.26*0:0%

Observed 2433 59 19 3 2 2 2
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Analysis strategy

Well established since the analysis of 7 TeV data; a few significant improvements
have been introduced in the analysis of 8 TeV data;
signal region on 8 TeV data kept blind until analysis completion

- Selection
Pairs of opposite charged muons, making a vertex displaced with respect to the
primary vertex and m, in the range [4900-6000] MeV/c?; loose cut on MVA

discriminant
- Signal /Background separation by invariant di-p mass and a MVA classifier (BDT)
including kinematic and topological information
BDT training on MC signal and background samples
BDT calibration for signal with exclusive B%s—h*h’~ channels (h=m, K) and for
background with IM sidebands
- Normalization with B¥*—J/{K=* and B —K*r~

B%—J /¢ was dropped as third normalization channel for 8 TeV data,

but use B%—J/yyp/B*—J/PK* to check /s dependence of fs/fq updated
on 8 TeV
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Analysis strategy

- Background estimation
Combinatorial bb—ppX
Double mis-identified B%s—h*h’-
Detailed studies on various exclusive backgrounds

updated on 7 TeV
and 8 TeV

Results are provided in terms of:

- Limits and significance determination with CLs method
Signal window: m(BY%s))+60 MeV /c?

- Unbinned maximum likelihood fit for the branching fraction
Use full mass range: [4900-6000] MeV/c?

The results have been updated for 7 TeV data, after

the improvements in the background determination
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