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Outline

* Observables: Branching Ratios (BR) of B, ;—pp

1 Why do we want to measure that?
* indirect probe for New Physics(NP)
2 How do we do it? (Analysis strategy)

* How to find such a rare decay and disentangle from background
* Normalization and Calibration to get a correct BR

3 What did we get with 2010 data?

* Interesting results
* Amazing prospects
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* B, ;—pp can access NP through new virtual particles entering in the loop =2
indirect search

Indirect Approach

* Indirect approaches can access higher energy scales and see NP effects earlier:

«3rd quark family inferred by Kobayashi and Maskawa (1973) to explain CP V
in K mixing (1964). Directly observed in 1977 (b) and 1995 (t)

*Neutral Currents discovered in 1973, Z° directly observed in 1983

*© Roundness of Earth (Eratosthenes, c.III B.C) discovered ~2300 years
before direct observation

Eratosthenes



SM and New Physics

This decay is very suppressed in SM :

BR(B, — uu) = (3.2 +£0.2)x10~
BR(B; — pu) = (1.0 £0.1)x10-10

Experimental upper limit still one order of
magnitude above such values. @ 95% CL:

BR(B, — pup) <4.3x10°8
BR(B; — up) <0.76x10% (CDF, 3.7 tb, prel.) b ppve b
BR(B, — pup) <5.1x10% (DO, 6.1 fbl, publ.)

But in NP models it can take any value from <<
SM (e.g, some NMSSM) up to current

experimental upper limit (e.g. SUSY at high tan) + ?

= Whatever the actual value is, it will have
an impact on NP searches




Best fit contours in tanf} vs MA plane in the NUHM1 model
[O. Buchmuller et al, Eur.Phys.].C64:391-415,2009]
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LHCb

* Low angle spectrometer
* Very efficient trigger

* Good particle identification performance

* Precise reconstruction:

* Separation production vertex - decay vertex o(IP)~ 25 pm
* Invariant mass Ap/p ~0.35-0.55%

* B, q—1p signature:

* Hits in muon detector

* uu pair has B invariant mass
sgeometrical & kinematical
signature: pt, detachment of decay
vertex 6
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Analysis strategy

* Selection cuts in order to reduce the amount of data to analyze. LHCb trigger
selects > 90% of the signal that is interesting for the offline analysis.

* Classification of B, ;—up events in bins of a 2D space

* Invariant mass of the pp pair

* MultiVariate discriminant variable combining geometrical and kinematical
information about the event: “Geometrical Likelihood” (GL)

.I T I T T T T I T I EI |i T T T T T T T T
" 4|—§| LHCb

*Flat distributed for signal, a
background peaks at 0 o®

* Control channels to get signal and
background expectations w/o relying on
simulation

* Compare expectations with observed
distribution. Results combined using CL,
metho d m,, (MeV/c?




O sy

Geometrical Likelihood

& I T AT T ]« S-B separation relies strongly
s E " signal on this variable
g f ' » =
a 10°F 3§ ° Trained using MC samples of
2 n O . ES—1><}1]1 sigrclial and bb —pp
E 3§ background.
= background 0 3 &
10° * Distributions taken from data
= 1 1 a to not rely on the accuracy of
10 LHCD J L =36.5 pb I % the simulation
:uuulu|||||||||||||||||||||||||||||||||I||||I||||
0O 01 02 03 04 05 06 0.7 08 09 1

* Distribution of real signal obtained by looking at B —h*h" in real data. Similar
to MC expectation.

* Background distribution is obtained from data by interpolating from mass
sidebands in GL bins
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* Signal distribution depends on the actual mass resolution of LHCb in the B mass
region (resolution depends on mass, almost linearly)

Invariant Mass

* Measured in data by interpolating from dimuon resonances (J/y (m<mB) ,Y
(m>mB)...) and looking at B—h*h~ (B, .—K'r, By— n'm, B,.—K*K")

* up background yield in mass bins is interpolated from mass sidebands
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Normalization
SEL/IREC TRIG|SEL
BR = BH..j X t:"I}f'-‘i];:cecal | €cal I X fcal ’ NBQ—»M+M_ seiins 50 |
B ) REC _SEL|REC TRIG|SEL fgo N — BO—putpu-
sig sig sig Bs cal

Ratio of probabilities of b quark to hadronize into the different mesons.
fi/f,=1,£4/£,=3.71+£047 (from HFAG)

* Three channels are used, each one with @ s000F ; A =
different (dis)advantages: E ﬂ LHCb

< 4000 T —

‘B* —>J/w(— pp)K*: = 3000 j L ~36.5pb” _

& T :

. . . . ) 2000 -

Similar trigger (muon triggers) to the N(B* —J/y(— pwK*) ~13k 3

signal, similar particle identif. 1000 \ .

] et a1
*Well known BR, but is B* and not B, 5000 5200 MOz K) (MoV/c?)

= ~13% systematic for B,—pp
Normalization factors:

*Different number of tracks in the final a(By) = (2.27 0.18)x10°
state a(B,) = (8.2 1.3)x10°
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Normalization
SEL/IREC TRIG|SEL
BR = BH..j X t:"I}f'-‘i];:cecal | €cal I X fcal ’ NBQ—»M+M_ seiins 50 |
B ) REC _SEL|REC TRIG|SEL fgo N — BO—putpu-
sig sig sig Bs cal

O sy

Ratio of probabilities of b quark to hadronize into the different mesons.

f/f,=1,f,/f=371+£047 (from HFAG)

* Three channels are used, each one with
different (dis)advantages:

‘B, =J/v(—= ) (— KK :

Events / ( 20 MeV/c?)

Similar trigger (muon triggers) to the
signal, similar particle identif.

*[t'sa Bs/ but BR known Ol’lly with 26% 0= .52|oo I .54Iool . lssloo. —
precision M4 K"K) (MeV/c?)

Normalization factors:
°]t;)itfferent number of tracks in the final a(By) = (2.92 0.91)x10°
state

(B, = (10.5 2.9)x10°

11


http://www.slac.stanford.edu/xorg/hfag/osc/end_2009/

Normalization

REC SEL|REC TRIG|SEL
BR _ BR, a1 X €cal 6cal 6Ca] fca~l
— C

Ngo

O sy

—putp~

A ~N 1 x p
RECSELIREC TRIG[SEL “| fpq

sig “sig sig

Ncal

Ratio of probabilities of b quark to hadronize into the different mesons.
fi/f,=1,£4/£,=3.71+£047 (from HFAG)

* Three channels are used, each one with
different (dis)advantages:

B, »K*r

Different trigger (used triggered on
the underlying event/other b used)

*Same kinematics, number of tracks in
final state

*Well known BR, but is B, and not B,
= ~13% systematic for B.—pp

-k

co

=]
|

~ LHCb
j L =36.5pb”

2
S

5
o

-

Events/ (20 MeV/c?)
o388 888

1 i
5200 5300 5400
M. (MeVic?)

Normalization factors:

a(By) = (1.99 0.40)x10%
a(B,) = (7.1 1.7)x10°
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Observed pattern and Result (B,) o

(MeV/c2) E LHCh '
[-60, -40] 2 1 0 § ]
[-40,-20] 55 2 0 0 0'55

[200] 73 0 0 0 M

[0,20] 60 0 0 0 03

[20,40] 53 2 0 0 02

[40,60] 55 1 0 0 01f

(TOTAL) 335 7 1 0 G

(bkg exp.) 329 7.36 1.51 0.081

BR(B,—up) < 4.3 (5.6) 10 @ 90 (95% CL)

BR(B, > up) <4.3x10% @ 95% CL(CDF, prelim)  Expected are: 5.1 (6.5)

BR(B, 2 up) <5.1x10% @ 95% CL(DO, publish.) -
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Observed pattern and Result (B,) o

(MeV/c2) 5_ _____ \ LHCh

[-60, -40]
[-40,-20] 67
[-20,0] 56
[0,20] 60
[20,40] 42
[40,60] 49
(TOTAL) 333
(bkg exp.) 352

BR(B,—up) < 1.2 (1.5) 10 @ 90 (95% CL)

BR(B, > up) <0.76x10% @ 95% CL(CDF, prelim) Expected are: 1.4 (1.8)
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BR(B.->u'n) (x10°)

Extrapolated sensitivity
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LHCDb can provide VERY interesting results in one year from now!
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Conclusions

* B, ;—pp is an interesting probe of physics beyond the Standard Model

* First LHCb result on BR(B, ;—up )

BR(B,—pp) < 4.3 (5.6) 108 @ 90 (95% CL)
BR(B,—uy) < 1.2 (1.5) 10 @ 90 (95% CL)

* Those are comparable with current best ones

* Extrapolation to 2 fb' shows that LHCb can find /exclude BR(B, s—py1) from
~10-8 to quite close to SM prediction

16



Backup
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B(Bg -> i)

1e-07 |

1e-08 |

1e-09 ¢

1e-10

Ma, [GeV]
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Background yield TRED

gm I ) ————
* Interpolation in the 4 GL 2 o 2 " LHCb
bins gives in “one shot” the S g " . GLbin
2D distribution GL vs Mass in i ' (0.25,0.5]
the search window (60 MeV i : E 6
around the B mass) » 4
2
b TS RS S T .
. Peaking background (a) > = m,, (MeV/c) ) ml {h;eWcz)
(B—h*h  wrongly identified as ¢ N ) | ;
amount of data g 7 j L ~36.5pb"3 2 j L~365pb”
g 15 ] :“-: 8 _E
g 10 GL bin % 6 GL bin :
5 4 (0.5,0.75] i (0.75,1.0] 3
., N -f
4500 5000 5500 0 ]
(c) mw?c?:" (d) o 8:1: (Mev,?gﬂt;u
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Bs—u u and B—h'h-

B—-Jy(pnp )X

Bs2MuMuNoMulD Detached J/v
Cut value cut value

p / h | track x?/ndf <5 " track x?/ndf <5
IPS >5 IPS >5

ISMUON true

By | Am <600 MeV/c? | J/¢ | Am <100 MeV /c?
DOCA <0.3mm DOCA <0.3mm
vertex x?2 <15 vertex x? <15
VDS >15 VDS >13
IPS <9d

20



Events / ( 50 MeV/c?)

o,

*

e 4

Events /( 120 MeV/c?)

6000 6500
Mt 1) (MeV/c?)

We checked the stability of the results with different fit parameterizations
Single exponential, double exponential, linear fit

100 ' ’ ' '—_
aof 1
B ]
£
2 4t E

e

M) (MeV/eh)

Table 45: Number of background events predicted by exponential, double exponential
and linear interpolation in each GLyg bin.

GLHS bin

0.0-025
0.25 — 0.5
0.5 - 0.75
0.75 — 1.0

exp.

590 £ 11

13.6 1.7

0.74
2.917-61

+0.20
01775715

double

exp.

580 £ 12
128+ 1.4
2024

0.31%03;

linear in 5215.1 — AM, 5423.1 + AM ( MeV/c*)

AM = 600

625 £ 10
15116
3.98 + (L83

+0.54
0.69 7554

AM = 300

596 £ 14

156+ 2.3

1.4
2'81_1.1]

+0.90
0.69 0 45

AM =200

299+ 19

146 £ 28

P 1.6
21770

e+1.2
G.J_UJJ__

AM =100

582 + 25
13.5757%
2.7
2,113

+1.9
0.0 g0
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Decay Physics in SM

Branching Ratio (BR) as a function of Wilson
Coefficients (“effective” theory) is:

. G2q? 4m°®
BR(Bq > u )= 627t3 |Vt;\/tOI |2 qung fqu /l— Y 2” X
Bg
2 2
) am; |, 2m,
X MBq 1_M§q C + MBq P+M—BqC10

Cg p — scalar and pseudo scalar are
negligible in SM
C,, gives the only relevant contribution

This decay is very suppressed in SM (BR very small, but precisely predicted):
BR(B, 2 pu) =(3.2+0.2)x10° BR(B4 -2 pu) = (1.0 £0.1)x10-10

Experimental upper limit still one order of magnitude above such values. @ 95% CL.:
BR(B, 2 uu) <4.3x10°% BR(B; 2 pnp) <0.76x108 (CDF, 3.7 fb-1, prelim.)
BR(B, 2 pp) <5.1x108 (DO, 6.1 fb-1, publ.)
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0.28F
0.27E
0.26F

o20f

0254
0.24 :
0.23
0.22
0.21

0.4 0.6 0.8

GL a7 AT
Npo,—nin-/Npo - =1

bin

BY — gt

B — K+n—

BY ~ KK~

0.0 —0.25
0.25 - 0.5
0.50 — 0.75
0.75 - 1.0

(28 L.1)%
(0.8 +1.1)%
(2.4+1.1)%
(—0.4+1.1)%

(—1.1£0.9%
(0.4 +0.9)%
(0.4 +0.9)%
(0.3 +0.9)%

07 L.1)%
(0.3 +1.1)%
(—0.6 = 1.1)%
(—0.4+1.1)%
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eREC (Bs—putu)=10.2%

MC estumates for the efficiency ratios:

EREO REC EHEC
Bt —J /YKt BU —h+th—

€
i — 0.58 & 0.02 Bemde 39 +£0.03 oMM 075 4005

€ _ REC REC
Bl—putp EBE—#,&L"‘,u_ EBE—:»,U‘F;;—

3body/2body 4body/2body 2body/2body
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1) From g!RIG=¢IS*¥NIRIG/NIS "ye obtain

10E

max IP

€l = (85.9 % 0.9 & 2.0555:) %

for B—J/y(utu’) X events ki

2) Use the same events to produce a trigger

efficiency map (pr, IP); convolution with the
harder muon spectra of Bs—ppu gives:

B)—p*

ETT'Q' = (89.9 :l: 0'881’.&12 :l: 4'08}"Et)%

T'he B—J/yX/Bs—pup ratio of efficiencies is then

syst by comparing,

on MC, true
efficiency with
method
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-B’—K " decay mode known with 3.1%, but after stripping we’re left with an
inclusive sample of B)—hh sample (no PID cuts) :
—“need to know the fraction of fgok+n-

0.66
0.64 o T T

-fit the number of each exclusive mode after

tight PID cut o H‘".l”
lgll cuts gn&;_: + ._......-...J. ofe 4 - o

-RICH efficiency factors cancel out when W3 056 ]

0.54 ~ -

applying constraints on % 052 .

BR(Bas—Kn)/BR(Bq—nm) 8 Efﬁj M. + + ;

- feo—K+x- is obtained from a combination of the ., ] % } Tee ;

observed yields, when PID cuts are tight enough to o+ 1 o .
guarantee negligible contamination B S 5 0 15 2

PID cut

fBo>k+-=0.605 +0027 50

26



Geometrical Likelithood

How the Geometry likelihood is built:

1. Input variables: min Impact Parameter Significance (u*,u’), DOCA, Impact
Parameter of B, lifetime, iso - pu*, iso- p-

*Isolation: Idea: muons making fake Bs—pp might came from another
SV’s = For each muon; remove the other p and look at the rest of the
event: How many good - SV’s (forward, DOCA, pointing) can it make?
The precise criteria used is inherited from HIt Generic

1800 g s :
1600% .............. I ........ .................... ...... Red: Si nal 1400_ : ; : : : g - ;

; solation g C T | | | | L TP
1400:— ...................... ........................ ...... Blue: bb i]’lC, 1200 E“IJI‘HBSIP(mm) | leSS pIPS
1200;_...”, '- ........................ ...... Bluck:béy oo f T S : —
1000 = Tamavnny, Gosnens - | T .

: i P b=> -
800}~ R - H '|I"|||r
600 SRRE I + T S Green:

400 i g i 9]/4/]/”/

[~ : [ o o MR L LY : : T . : - : 1‘0 5 - ‘ bad

bl ] T e Y E—T 0,04 0.06 .08 0.1 0412 0 ° Less Muon Impasct ParametezrusIgnlﬂn:an':g5

0 5 10 15 20 Impact Paramter (mm)
Isolation
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Geometrical Likelithood

How the Geometry likelihood is built:

1. Input variables: min Impact Parameter Significance (u*,n), DOCA, Impact

Parameter of B, lifetime, iso - pu*, iso- w-

2. They are transformed to Gaussian through cumulative and inverse error function

3. In such space correlations are more linear-like - rotation matrix, and repeat 2
[ oricmaL seace | [ uncorreLATED Gaussian |
10 80F - . o
é T1] S - R .é. ..... fraem .1,...':..

@
&
a~
H
H
!

;wf Pt i .
20 _ .._.,

1048 . o S L S—

<. H H H
wlaaa b b g by

0 1 2 3 4 5 &
1ps)
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Geometrical Likelithood

How the Geometry likelihood is built:

1.

O LN

ORIGINAL SPACE
n 8 " H

Input variables: min Impact Parameter Significance (n*,u
Parameter of B, lifetime, iso - pu*

, 1s0- W

1), DOCA, Impact

They are transformed to Gaussian through cumulative and inverse error function
In such space correlations are more linear-like - rotation matrix, and repeat 2
Transformations under signal hyp. 2 x%, under bkg. > x%;.
Discriminating variable is x5 -x%5, made flat for better visualization.

[UNCORRELATED GAUSSIAN (sig) |

SIGNAL

BACKGROUND (bb->uuiX)

0
Q F

lifetime

CORRELATED GAUSSIAN (bkg.)

Sensitive
region GL>
0.5
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£0.908- :
o.oos:— _
0.994:— _
o.ooz:— _
) % 3
0.99— : :
0.088n ’.'I* _:
Efficiency

Figure 23: Performance of GLk and set of other multivariate methods. The X axis shows
the efficiency, and the Y axis the rejection. Blue squares: GLk, Open stars: BDT. Short
Dashed: PDERS. Violet triangles: Fisher Discriminant. Red cycles: Best performing NN.
Green dashed line: Support Vector Machine.Red solid line: RuleFit. Orange stars: FDA.
Black filled histogram: kNN.
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Wilson _coefficients

Hadronic weak decays are often studied in
terms of effective hamiltonians of local
operators Q;:

Hey o Z CiQ effective local theor/
i

Degrees of freedom of exchanged particles Ve P
are integrated out giving rise to the
Wilson coefficients C,.

underlying “fundamental”
theory (SM)

An example of similar approach: Fermi’s theory of neutron decay

2 2 4 2
BR(B, = np) expressed in eff. th. as: BR(B, » 1 1 )_ |Vt;\/ |* 75qM g Foe /1— M,

) c:ﬂ}

axial) depend on the underlying
model (SM, SUSY...)

Cpsio (pseudoscalar, scalar and { [
VK
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Computing CLs %

Reference: Thomas Junk, CERN-EP/99-041. 01 March 1999
(Used at LEP for Higgs searches)

For each bin: si = expected signal events inbin _ Poisson(d,,<d, >=s, +b,)
bi = expected bkg. events inbin "™ pgjsson(d.,<d. >=h)
di = measured events in bin

N
For a configuration {Xi}: X = H X, (it is a binned likelihood ratio)
i

_ < Y OBSERVE ‘High CLb - observed excess w.r.t bkg
Cles s (X < X D) expectation—> signal (CLb>0.9973 - 3 sigma)
_ OBSERVE
CL,=R(X<X D) *Small CLs = too few events w.r.t prediction from
signal hypothesis
CLs = CLs+b/CLb
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BR(B, > ' 1) =

x< M

AN

2 2
Gea

647°sin* 4,

CP o lquP

1+,

|th;\/tq |2 z-Bq M gq 1:qu \/l_

MBQ[

4m
Mg

2

i

q

X




BR(B,->u'n) (x10°)
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