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* Motivation for the study of B, = pp as an indirect probe of NP
* Analysis in LHCDb
 Overview of the analysis and involved groups
* How to find such a rare decay and disentangle from background

» Normalization and Calibration to get a correct BR

» Conclusions



* B, = MM can access NP through new virtual particles entering in the loop > indirect
search of NP

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

*Some examples:
«3'd quark family inferred by Kobayashi and Maskawa (1973) to explain CPV in
K mixing (1964). Directly observed in 1977 (b) and 1995 (t)

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

* B, = MM can access NP through new virtual particles entering in the loop > indirect
search of NP

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

A very early example of how indirect measurements give information about higher
scales ©:
«Ancient Greece: Earth must be some round object, Eratosthenes measurement
of Earth’s radius in ¢. I1l BC (using differences in shadows at different cities)
*Roundness of Earth not directly observed until middle of ¢. XX

~2.3 K years till the direct observation...

Eratosthenes



Wilsonw coefficcenty

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

Hy o ZCiQi effective local theory -~
|

Degrees of freedom of exchanged particles Ve P
are ]:?_te_gratec(i: out giving rise to the Wilson underlying “fundamental”
coefficients C.. theory (SM)

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

20 , 4m2
| o | 75Ma, foy 1—

BR(B, = pp) expressed in eff. th. as: BR(B, = ') =

) o

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

Crsio (pseudoscalar, scalar and axial) { [
x{M?




Decay Physics (SM)

Gzaz 4m2
BR(B. > 1 1 )=—F—|V T f2 1-—~
(B, »>u'w) 647T3| ol 75Mag 1/ 'Vlsq
) 4mfl ; 2m, i
X MBq 1_M§q C + MBq P+M—BqC10

Cs p — scalar and pseudo scalar are negligible in

SM
C,, gives the only relevant contribution

This decay is very suppressed in SM:
BR(B, 2 py) =(3.35+0.32)x10° BR(B4 = up) = (1.03 +0.09)x10-10

M.Blanke et al., JHEP 10 003,2006
Current experimental upper limit (CDF, 2fb-1) still one order of magnitude to reach such

values. @ 90% CL:
BR(B, 2 pp) <3.6x10% BR(By4 = p) <6.0x10°

CDF collab., CDF Public Note 9892



New Physics effecty

NP can contribute to this decay rate (specially SUSY at | vovsse
high tanp (tans = v /v,)): ”’ HOA?
e
- More than one Higgs — contributions to Cs s . fos !
« 2HDM-II : BR proportional to tan* b "
« SUSY (MSSM): above + extra tanp +... Z b ompmar
, o H*
* RPV SUSY: tree level diagrams " / ° ¢ | hLHAS
* Technicolor (TC2), Little Higgs (LHT) ... modify Cyq. _ ‘ " Sy
NP can modify the BR from < SM up to current experin s H

- Whatever the actual value is, it will have an impact on NP searches
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New Physics effects (11D
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NUHM1 MCPVMFEV: Enhancements up to current
JEllis , yesterday’s talk u.l, but also < SM depending on the phases




Analysis



Analvsis Overview % ) SC

Triggered and offline
reconstructed (incl. muon

identification) signal ZEISTTE e L S8
events per fb1 (i.e., For trigger L =10% L > 10% L = 2x10%
effective B, = pp cross strategy
section)
O assumed to be 500 pbarn, BR(B, > pp) =3.35x10° (SM)
Main issues:

 Background discrimination: offline cuts/ multivariate analysis

* Normalization to another B channel with well known BR
* It avoids needing the knowledge of xsections & integrated luminosity
« Cancelation of systematic uncertainties

ATLAS analysis: CERN-OPEN-2008-020 [arXiv:0901.0512] (B-physics chapter)
CMS analysis:  CMS PAS BPH-07-001 (2009)
LHCb analysis: LHCb-PUB-2007-033 (2007) , LHCb-PUB-2008-018 (2008)
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Analysiy Qverview
« Selection: apply some cuts on all yu candidates to remove most of the background

» Classify each event using three properties (bins in a 3D parameter space):
Particle ldentification (PID): Probability to be muons
*Geometrical properties (Geometrical likelihood)
~lnvariant Mass

» 3D space is binned, so that each bin is treated as an
independent experiment

o .. | Inwvawicant
* Results are combined using Modified Frequentist M
Approach ass

« Use of control channels to avoid dependence on

simulation: [ 204D somels
*Normalization 6 7
-Calibration of relevant variables /
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The group

*LHCb analysis group is coordinated by Frederic Teubert (CERN)

*The analysis started to be designed in 2006: F. Teubert (CERN), J.A. Hernando
(CERN/USC), D. Martinez Santos (USC)

*LHCDb sensitivities, basic lines of the analysis:

D. Martinez Santos, J. A. Hernando, F. Teubert : LHCb-PUB-2007-033
D. Martinez Santos, LHCb-PUB-2008-019, Yad. Fiz. 72, 9 (2009)

» USC has strong contribution in all aspects of the analysis (J. A. Hernando, X. Cid Vidal,
D. Martinez Santos)

 UB also working on the analysis, involved in the use of B=> hh control channel (see later)
and in trigger aspects (H. Ruiz, E. Lopez, A. M. Perez Calero, A. Camboni, R. Vazquez)

Several groups now joining the effort: Laussane, Marseille, Zurich, NIKHEF, INFN, Rio
de Janeiro
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How the Geometry likelihood is built:

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

eIsolation: Idea: muons making fake Bs—puu 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
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Geometrical Likelihood (sl U __

How the Geometry likelihood is built:

1.

Input variables: min Impact Parameter Significance (u*,u), DOCA, Impact
Parameter of B, lifetime, iso - p*, iso- y-

They are transformed to Gaussian through cumulative and inverse error function
In such space correlations are more linear-like - rotation matrix, and repeat 2

[ oricmaL seace | [ uncorreLATED Gaussian |

Min. LIPS
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Geometrical _Likelihood sk UR

How the Geometry likelihood is built:

1. Input variables: min Impact Parameter Significance (u*,u), DOCA, Impact
Parameter of B, lifetime, iso - p*, iso- y-
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. = x2s, under bkg. = ¥%s.
Discriminating variable is x5 -x%g, made flat for better visualization.

lifetime
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PID likelihood

-Particles with associated hits in the muon chambers are flagged as muons

*Some of them might not be actual muons (=misid). Different subdetectors return
probabilities for different kinds of particles:
*Muon chambers: distances of hits to track extrapolation, or others...
*RICH: uses mass of the particles
*CALO’s : energy deposition

0.18F [RICH {u-k) Ji-- R R e 0.05k-[ Muon Chambers (i-bkg) |J-+----fL-
A

*This probabilities can be
combined in a likelihood

to fight against remaining
misid

0.03 u:; L ;....'... PP RPN R A 1

ozl b it
0.0 - Bh o Lol
i b
u' _______ L!
0 1 3 4

uLLu.l-bEa}

HUON SYSTEM
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Sengclivilies

(expected S (for BR = 3.35e-9) & B per fbl in each
experiment LHCb bins parameter space > N experiments)

* 90% CL exclusion sensitivity as a function of L

*(Only bkg is observed)

CMS /| S (Br=335-9) = 2.05
| B=6.53
privately computed from
[ﬁ GL , CMS } quoted S,B, using MFA
| ==L
] s * LHCb
0.5- 0.65-1 | CDF (3.7fb7) ‘ o Lo
065 L] ‘ ‘ - CMS 1fb7! (official)
—~ ] ' Expected €DF + D1.6x10°
54066 -| S=013 | S=03 0?3 "&r '''''''''''' — T -
5429.6 N I S "{.\ S 17 |
—~ 104N E T R e C o ot TSRS ROt B
53841 -|S=055 | S=14 ISR N i 1
i ‘ N
i ~
PVCIE | "~u -
a7 | °Tie | s=38 S B M prediction SRR R R L
. B=117 B=11% 0 900/ . =~ = -
o CL exclusion
53315 - | S=06 |S=15 ; ; o
5353.4 B_g |pg_g1 | - D. Martinez Santos
- ° - . - —“Bs > uu at the LHC” Beauty 09
53096 _ S=0.2 S =045 0.0 0.5 1.0 1.0 1L.U
5331.5 B_g® | pog® L (fo)
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Sengclivilies

(expected S (for BR = 3.35e-9) & B per fbl in each
experiment LHCb bins parameter space > N experiments)

CMS /| S (Br=335-9) = 2.05
| B=6.53
i ™

0.5— 0.65-1

0.65
5406.6 - | S=0.13 $=0.3
54296 | g_g» | pogr
5384.1 -| S=0.55 S=14
54066 | g_gn | g_gw
53534 -|S=16 S=338
53841 |y | pigs
53315 —-| S=06 S=15
53534 | g_gn [p_gu
53096 —| 5-02 | S5-045
53315 | g_gu | g_gm

* 90% CL exclusion sensitivity as a function of time

Assuming nominal luminosities since the beginning
CMS 2> L=10¥cm?s!
LHCb - L =2x10% cm2st

privately computed from

1‘ . , . , CMS —F— quoted S;B, using MFA
] " - ®*LHCb
|} CDF (3.7fb) i
Iy ] ] .1
g i Expected CDF + DO (8fb ")
g A i i
8 = 3 7 Tommmoe mmmemm——m—— § o T — m—
R w * |
A
N 10-_””" :’ﬂ‘ Vg ”””””””””””””””””””””””””””””””” .
+A§: v : \ S~ \ -
Olw A i - ~ < -.\1\_ \" ~ — - =
E i P e ] | — b
%2/ B sm Prediction ZRRRRRRRRBRLIBRNXAXIE SIS PEIK
0 : | ST
90 % CL exclusion : 1
| | D. Martinez Santos
1 - l - l —“Bs 2> uu-at the LHC” Beauty 09
0.0 0.2 0.4 0.6 0.6 1.0

Time (nominal years)

18


http://images.google.es/imgres?imgurl=http://www.uscms.org/LPC/logos/CMS_logo_col.gif&imgrefurl=http://www.uscms.org/LPC/lpc_wkshp/early_physics_jun07.html&usg=__iaXiAP2JOxdHpjQxGMAJt4jB2uw=&h=394&w=395&sz=174&hl=es&start=43&um=1&tbnid=AxBgdUXjDL0rOM:&tbnh=124&tbnw=124&prev=/images?q=CMS&ndsp=21&hl=es&rlz=1T4GGLR_enCH290CH290&sa=N&start=42&um=1

Sengclivilies

(expected S (for BR = 3.35e-9) & B per fbl in each
experiment LHCb bins parameter space > N experiments)

» Signal evidence sensitivity as a function of L

*(Signal + Background observed)

CMS /| S (Br=335-9) = 2.05
| B=6.53
privately computed from
GL 1 1 T CMS :}_ quoted S,B, using MFA
RS ) *LHCb _,_cms
0.5- 0.65-1 3 | ] ‘ ‘ ‘ 1
0.65 i i i i i 1
N\
5406.6 -] S=013 | S=0.3 = 10__\ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -
= VNS
5384.1 -|S=055 | S=14 S VNG 1S
54066 B _ 8+10 B _ 8+10 /?‘ \: : i ‘] ; ; :
— 05 =05 v s
o', _ SM prediction S
53534 -|S=16 S=38 m ' - | ‘ BDT<"Ng|
5384.1 B =111 B =11 E{ 1 1 N —\__. _ N
it 7 m - i i N - = ]
3o evidence Rl
53315 —-| S=06 S=15 | | : ‘ ‘ ] ‘ !
5353.4 B_gl |g_g | D. Martinez Santos
© - 1'””"[”””] ”””” —— ——r—Bs 2 uu-at the LHC” Beauty 09
53096 —| S=0.2 S=0.45 0 1 2 3 4 5 6 / 8 9 10
5331.5 B = 8t§0 B = 8jéO L (fb-l)
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Sengclivilies

(expected S (for BR = 3.35e-9) & B per fbl in each
experiment LHCb bins parameter space > N experiments)

CMS /| S (Br=335-9) = 2.05
| B=6.53
i ™

0.5— 0.65-1

0.65
5406.6 - | S=0.13 $=0.3
54296 | g_g» | pogr
5384.1 -| S=0.55 S=14
54066 | g_gn | g_gw
53534 -|S=16 S=338
53841 |y | pigs
53315 —-| S=06 S=15
53534 | g_gn [p_gu
53096 —| 5-02 | S5-045
53315 | g_gu | g_gm

BR(B >u'y) (x107)

» Signal evidence sensitivity as a function of time

Assuming nominal luminosities since the beginning
CMS 2> L=10¥cm?s!
LHCb - L =2x10% cm2st

[ERN
o
1

CMS :}—

* LHCb

CMS

D. Martinez Santos

“Bs = uu at the LHC”
3 4

Time (nominal years)

privately computed from

quoted S,B, using MFA
E—Lrivw |

Beauty 09

5
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LFHC Startup

e LHC first data:

Less energy (3.5 + 3.5 TeV)

eLess instant luminosity mg
—
« Exclusion sensitivity for =
£
*45% of o, w.r.t. 14 TeV Y
(Pythia ratio oy, 71ev/Opp 147ev): o/'\
so 225 pb o’
o
*First 10 months after LHC @ : : : : :
startup (assumed 300 pb-) T e e e e s
-1
» This data could allow LHCb to L (pb ")

overtake Tevatron limits and impose
new constraints on SUSY models
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Normalization & Calibration
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» Normalization is needed to convert # events e P(b S5 B ) N
into a BR w/o relying on knowledge of 5,,, ~ BR=BR —*- =
integrated luminosity or absolute efficiencies ¢ P(b->B) N,

*P(b> B*, By)/P(b—> B,) implies a ~14 % systematic. Normalization to a B, mode would
introduce larger errors because of poorly known B, BR’s

* The fraction of efficiencies (acceptance, trigger, selection, PID...) needs to be
computed/cancelled.

5

(il

B2 JY(Uu)K* .

« Good candidates:

B2 J/Y(Up)K*: |
-similar trigger and PID, different il ~5pb-t
reconstruction because of the extra track l

*B->hh: soo &
«Same kinematics but different 400 S R
trigger & PID 90 S TS R W A

Events / ( 9.99938 )
a
=
o

=
=
=
=

T

g00f-

T T T A L T T T e

04300 4300 5000 5100 5200 5300 5400 5500 5600 5700

M (MeVic?)
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» Signal is distributed in several bins of a 3D space

* We need to know not only overall normalization, also the fraction of signal in each bin
Invariant mass = Can be calibrated with B, 2> KK
*GL > (inclusive) B->hh triggered independent of signal (TIS)
*PID likelihood - J/¥ taking p, pt distributions from B> hh TIS

- 180

C AL 160
100F 140 =

- 120 =
300 100

N 80
200 $

- 60
100 40f

&) -
i N 20| : : : : : :
0' I5320III5340III5360III5380III5400III5420I o_llllillIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIII
0o 01 02 03 04 05 06 07 08 09 A1

Data: Bs =2 uu Geometry Likelihood
Red: Fit to data itself
Blue: Function from calibration
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Background level

» The amount of bkg in the signal region also has to be known

* Bkg is dominated by combinatorial (bb—> ppX) and hence can be understood from
sidebands

* Linear or exponential fit gives the bkg level in the signal region

- « Specific/peaking bkg is negligible in current
‘o simulations
w E
o 250F
o~ F
=~ 200
s 150%
> 100
o, IE

S0E-

or FaS "I Uy L ,1 " recy] L 5h P

5000 5200 5400 5600 5800

M, (MeVic?)
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Conclusions

A measurement/exclusion of BR(B, = pp) will have
an important impact on NP searches

» LHC offers exceptional conditions for this study,
scanning from current upper limit to < SM prediction

» LHCD takes advantage of its B-physics dedicated
trigger, as well as good invariant mass resolution, having
the best sensitivity for a given luminosity

* The use of control channels such as B*=>J/'¥(up)K* MSSM? M

and B—>hh allows to perform a MC free analysis

* \Very relevant Spanish contribution
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Normaligaidion to-B*2 /A K" % U SC

~ 1, selected with almost same criteria

© % PooB,)

N
SEL/REC | .TRIG/SEL P(b—B.) N

*\ery different! (ratio ~ 0.6)
*But can be understood looking at other

ratios such as B, JWK*/ B*>J/¥(up)K* Similar. But also

The efficiency for B+ can be known from

8 e data looking at TIS (trigger Indep. of
; | Signal) events
3 ol \
N SR A . .
o ! ' The efficiency for signal can be known
Ny ’ emulation muon ID and trigger in B=> hh
: 7] double ratio TIS events.
0.2 e P54 bodies)(3 bodies)
' €€ (3 bodies)/(2 bodies)
o 560 s 500 350
Py (GeV)
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Normaligaiion to-B,2Kkn

* LHCb also uses normalization to B> h*h (By, 2 Kn, By 2 nr, B > KK...)
» Same geometry & kinematics than signal, different trigger (hadronic) and PID
» How to get rid of the differences:
*Use B - hh events Triggered Independently of Signal
Several thousands of such events per fb-2will be available
*Use b—=>J/PX to emulate muon ID and trigger on that sample as a function of p/pt

10000 [ MMl Bd fo KP! '1 * The most suitable mode: By 2 Kn (well
- Bs 10 KPi ‘ ..
B B o PiPi known BR, largest statistics...)

600C " N Bs toc KK ‘

* It can be separated from the inclusive sample

> :
KK hypothesis ‘ - zﬁg: using the RICH

AN

]
4900 5000 5100 5200 5300 5500 5600

6000 ‘
4000

2000
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BACKUP
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How the Geometry likelihood is built:
1. Input variables: min IPS (u*,u), DOCA, IP of B, lifetime, iso - u*, i1so- y

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

3. Insuch space correlations are more linear-like - rotation matrix, and repeat 2

[ oricmaL seace | [ uncorreLATED Gaussian |

@
[=]

Min. 1 IPS
=
[=]

[=r])
=

505
dIZIE
SDE
205

108
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sensitivity o Bd %{3) u

Supposing bb - mumu is also the dominant bkg at the
Bd window, for each luminosity you can access to 3-4 times smaller BR
for Bd than for Bs.
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Rough SENSITIVITY e (@
CALCULATION

*Signal yield > o*f*L
*bkg under the peak scales linearly with invariant mass resolution o,,

eff

S/VB a9 L

\/ Gbkg Owm
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normalization (B 2kn) %% U SC

* By Kn has to be separated from the inclusive sample - Use of the RICH
system—> Extra efficiency factor to account for

f(Bd = Kz) =0.677 0.039

* B->hh can self-calibrate this eff. using ratio By > (MC =0.681)
Kn / By = = (very well known ratio of xsections)
and the number of inclusive B=>hh, as well as the | f(Bd 2 nx) = 0.169 + 0.015
good B.-B, mass separation in LHCb (MC =0.172)

f(Bs > Kr) = 0.0401 + 0.0012

» Alternatively, D*->D%(Kr) & reweighting by p,pt, (MC =0.0435)

can be also used (see Laurence Carson talk)
f(Bs 2> KK) =0.114 £ 0.011

(MC =0.102)

Output of a MC experimentusing B; > Ka /By 2> nn
to calibrate RICH effs.
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G2’ Am?
BR(B, > 1" 1) = - V.V, [ 7 Mo 2 \/l— ~ X
| 647° sin’ 6, ! s M éq
4 ' 2 _ I _2\
4m® | C. —uC Co—uC,) 2m N
X<M|§q 1- Zﬂ] > qu Sj + MBq " qu P}"‘ ”(:A—CA, }
Mg, 1+, i 1+, Mg, ]

34



x10°

:—_‘}“‘“4;.5“"3'3
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Figure -: Correlation in initial and Gaussian space.
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Separation of Bd[ 1Kz

Extract the fraction of different components of B [1 hh, without relying on MC PID
efficiencies:
1. Measure those fractions in a “high purity” limit (PID cuts > X):

(Example for X = 20):
KK [ N’ =502 .. =0.109 Not necessary the same as
Krn [N, = 3292 f°..=0.712 inthe nonPID B hh

N’ =827 > =0.179 sample !!!

(Then the true fraction should be):

f'Kﬂ'

fK — for

gKgﬂ —
o f . f'© / . . (&, . (&
Voo™ Vo Tar Tt Tu( )

(Separate Bs [1 Kr and Bd [ Kz is not an issue because of the mass resolution)

36



Separation of Bd Kz (11) %U

2. The ratio (87:/ Ek) [ thus the right fractions can be easily extracted from Bd modes,
where the BR’s are known.

0 0 N
N(Bd0—> Kz) _ BR(BdO 2> K7) 3964036 |2 = =(3.96+0.36)- (d)
N(By - 7z) BR(By — 77) 8K

3. To ensure the high purity limit, repeat 1 & 2 until a plateau on the results is reached

0.7 ! s s EEEEEEEEEEgmmn
| et : ” ! | f(Bd (1 Kz) =0.677 0.039
0'6'_ " """""""" """""""" = B ->Kn (MC = 0.681)
054 e | e B>Kn
1 | | | 505 | |f(Bd O mm) =0.169 +0.015
Soat e : =
g™ ? | TN (MC = 0.172)
Eos{ AR —
I || f(Bs [1 Km) = 0.0401 + 0.0012
024 Y FYUTTTC s T Ie (MC = 0.0435)
0.1- Liiiii!‘iiiiiiiliiiiffiiV
L e ettt iveel fBs i KK) =0.114 £ 0.012
NS BAAMLE Lhivhd A A i (MC = 0.102)
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PID cut



Sengclivilies

(expected S (for BR = 3.35e-9) & B per fbl in each

experiment LHCb bins parameter space > N experiments)

RN

7 s=056 [OMs | s=205
A B=14 | B=6.53
S
GL
0.5- 0.65-1
0.65
-| S=0.13 S=03 @8
B=8Y | B=8% e
-[s-055 | s-14 3
B-g® | B-gY | A
5353.4 -|S=16 |S=38 o0
5384.1 o1 | 11 g’
53315 - | S-06 |S-15
5353.4 B_gt  |5_gw
5309.6 - | S=02 | S=045
5331.5 B-g® | pog™

* 90% CL exclusion sensitivity as a function of L

*(Only bkg is observed)

° ATLAS

i

__® CMS 1fb (official)

privately computed from
quoted S,B, using MFA
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Sengclivilies

(expected S (for BR = 3.35e-9) & B per fbl in each
experiment LHCb bins parameter space > N experiments)

RN -
A B=14 . B=6.53
S
GL
0.5- 0.65-1
0.65
-15=013 | 5=03 [
B=8'7 B=87 =
-s-055 | s-14 2
B=8% | B=8Y A
53534 -|S=-16 | S-38 oy
5384.1 st |poar | X
53315 —| S=06 S=15
53534 | g_go |p_gw
5309.6 —| S=02 S =0.45
5331.5 5_g0 | B_gs

* 90% CL exclusion sensitivity as a function of time

Assuming nominal luminosities since the beginning
ATLAS/CMS > L=10¥cm?s!
LHCb - L =2x10% cm2st

— - ® ATLAS | privately computed from
1‘ | ; | quoted S,B, using MFA
] CDF (3,7ﬂ£1) CMS : :
— o —
| LHCb bected CDF + DO (8f>-")
N | | | | | | | |
R R VU PRPRRPIF EPUTRRY I N PP S —_ i —
w9
SR
L & T o e S e e -
A\ . ]
] 1 ‘ i\-, - =
1 ‘ ‘ Vvvvvvvvvvvvvvvvvv VVVV .
B SM prediction R RSB
90 % CL exclusiow
I+t 1T
00 01 02 03 04 05 06 07 08 09 10

Time (nominal years)
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Sengclivilies

(expected S (for BR = 3.35e-9) & B per fbl in each
experiment LHCb bins parameter space > N experiments)

RN

» Signal evidence sensitivity as a function of L

A v *(Signal + Background observed
T 5=056 [OMS/| S=205 (Sig J )
]
A B=14 . B=6.53
= ‘
il ———1——1——1— ® ATLAS |~ privately computed from
] | | | | quoted S,B, using MFA
. “CMS o
05 0.65-1 | T 0 W ;
. T *LHC
SN \l 3 : :
-1 S=013 | S=03 S 104\\ I ~ l ,,,,, AN, JSS S S S S -
X i | |
B=8"7 B=8% — ] : ‘ ‘ : l
-15=055 | S=14 ] | : | 1
+10 +10 N j 1 ;
B =8 B =8 A
53534 -|S-16 | S-38 o’
5384.1 B =11i5 B =11i5 %
53315 —| S=06 S=15
53096 —| S=0.2 S=0.45
5331.5 B :8i—20 B :8jéo
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Sengclivilies

(expected S (for BR = 3.35e-9) & B per fbl in each
experiment LHCb bins parameter space > N experiments)

RN

» Signal evidence sensitivity as a function of time

A s=056 lems/1 s=205 Assuming nominal luminosities since the beginning
T = 0. ! = /. _ 5
L ~ g B ATLAS/CMS = L =103 cm2st
A B=14 B=6.53 LHCb - L = 2x10% cm2s
GL . - — © ATLAS | privately computed from
| ‘ quoted S,B, using MFA
CMS |
0.5- 0.65-1
0.65 ° LHCb
$=013 | 5=03 T 1\ N S S i
>< -
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53315 B=8Y | B=8Y Time (nominal years)
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