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Searching for NP with Flavour Physics

- Decay amplitude sums SM and NP (if any) contributions
- For example: A(B? -» utu™) =

b M b5
S < H S )

—rbl e time

- Depending on the decay, several scenarios possible for A:

H+

-
<

M
u + efc...

A A A @
SM dominates NP can dominate but NP can dominate and
large theo. uncert. small theo. uncert.

- Golden channel = rare decay in SM, precisely predicted
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The B, — u*u~ Case: Rare & Precise

- Flavour Changing Neutral Current:
- No SM tree diagram, only higher order
- Suppressed in SM
- Spin 0 weakly decaying into u*tu™: Helicity Suppressed

- Helicity suppression in SM BRgy o« m,, «@—Bﬂ&

- Main source of uncertainties: QCD
- Here, leptonic final state and...
- ...Initial state decay constant Fgz well known:
F uncertainty strongly improved recently 20 - 1.3%*

Golden channel = rare decay in SM, precisely predicted

*HPQCD, PRL 110, 222003, 2013
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The B, — u*u~ Observables

- Simplest obs.: untagged time-integrated branching fraction:

1 —
BF = j dt| T(Bey(®) » p*u) +T(Bly (@) » ptu™)

- Neutral B mesons oscillate in admixture of mass eigenstates:
_ _r(® _p®
(T(B(sy(©) » u*u™)) = Rye Tt + R e LT
- For B® - u*u~ the decay widths are similar, I'y~T; so:
BF(B® — u*u=) = BF(B®(t) » u*u )¢=o
T
= %0 (Ry + RL)
BF(B® - utu )2 1.07+0.10 x 10710

Updated from Buras et al. EPJ 2012
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- For BY? —» u*u~ the decay widths are different, I'5 = I, hence:

T RO 1+ A
BF(BY > pu*p™) = —= (Ry + Ry) X — 22
N 2 . y — Vs
BF(BJ(t) = u* ™ )e=o
with:
R, — R [, — Ty &
H ™ It L1
Axr = eEl—1;1 = = 0.0613 + 0.0059
AT Ry + R, [ ] Vs [, + Iy
- SM predictions Uncertainty Budget
SM
AA[' — 1 FBs 72.5%
BF(B? > ptp )® 3.574+0.30 x 107° Vi Vesl | 22.8%
m; 3.7%
Updated from Buras et al. EPJ 2012 Tps and y; 1.1%



What About New Physics?
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Model Independent Approach

- Recall: virtual particles are off-shell: E2 — p? = m%,,,

- Uncertainty principle, At < 1 /AE . wfﬂﬁiti_)

- QCD energy scale << EW energy scale, hence:
I

b ~— — K b
AN ) ey
S < . S vl

- Energy scales separate in amplitude expression:

Al > F) Z<Flﬁill> % C,
Matrix elemehts: I\Wilson coefficents:

* encode low energy * 10 universal coefficients
 Main source of uncertainty  Encode high energy
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New Physics in BF (B, = 1 1™ )e=o

0 - Helicity Supp.
BF(B(S)(t) — .u+/1 )E* ?1, PP
4m§ 112 / mﬂ / i
«<|1 _’m—é |Cs — Csl“ + |(Cp — Cp) + Zm_f;(clo — C{p)
Sensitive to (Pseudo-)Scalar NP SM contributions:
b L 75% u
- Not affected by helicity supp. NN )
e Scalar adds up with SM s - §
* Pseudo-scalar can interfere W 2% -
b

destructively with SM < <
t A v,
> > /\}}V\_A} > M_

*Axr phenomenology not accounted for
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Which Models are Probed?

* BF(BY - ptu™):
- Models with extended Higgs sector, e.g SuperSymmetry
with large tan 8 as Cs p « tan® 8

- Lepto-quarks 20 . . —
. 7' models T Straub, arXiv:1205.6094
i MSSM-LL
l:l
- BF(B® - ptp™): 5
- MFV hypothesis ?l
- Fourth generation <




Experimental Picture
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Along hunting...

90% C.L. Upper Limits

i: E . J LHCh E
T 10-5 E ¢ cms —
o w § + ATLAS §
e «F - ® CDF T
% 107 = . DO IE
- O L3 -
107 - . —— SM Prediction |
E ¢ e ° E
_ N .
10° = | =
= $ 3
102 L | | l | | l | | l | | l | l | L
799 <009 ?002 2004 <005 <00 <0719 <07 2 2014
Date
1984 CLEO é 90% C.L. Upper Limits

' T T T T T T T T T T T T T T T T T T T T T T T T T T T T
2104 e - é
= * —
o 10°E § . =
o E &= CMS =
— — .. |
g w0 |t ~ 3
2 - * BaBar - -
107 = BELLE * —=
= v CLEO ) * =
8L * DO e |
10 E e L3 ‘g s I
ol o UA1 \ -
107 = * ARGUS ¥ —-
= —— SM prediction 3
107"° EL 1 1 1 1 1 T T 1 1 I I 0T 0 0 00 0 T T T T Ts

7,98 > 1.99 7 799 5 1999 200 3 200 > 201?

Date
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...before the first evidence!

- Nov 2012 LHCDb: First evidence with 1 (7 TeV) + 1 (8 TeV) fb!
PRL 110, 021801, 2013

A ' ' ' ' l i
T ST
_— s M M BY - ]'[_IJ V) . _ _
12j _____ BO—» utp- B+ o ITO(J“L;MJ“M__Z B(BO - l,l+l,l ) <9.4x10 10 at 95%CL
10K~ Comb. background =

B(BY > ptp~) =3.2%13 x 1079

LHCb

Candidates / (50 MeV/c?)

8H

N 1.0 b '(7TeV) +1.1 fb '(8TeV) : o o
6F TRVILLD (5Te) 3 Significance of 3.5 o !
4| =

<L) N
2F s A + +'—_
0 a ]m‘.' i | : ——— - -

5000 5500 6000

m., - [MeV/c?]
- Today: update with the full dataset: 1 (7 TeV) + 2 (8 TeV) fb!

- All data consistently reprocessed
- Data in m(B?S)) + 60 MeV/c? are blind til analysis completion.
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2 Key Points for Bgy— u*pu~ with LHCb

1. Production of B?S) mesons: (X-section and trigger)

2. Separation Signal/Background (detector performance)
- Combinatorial background: bb — uuX

0"
Background

Signal

- Physical backgrounds:
e.g. B » Kn, KK, nm where K, decay in flight to u



Mathieu Perrin-Terrin - Measurement of B(Bs->mu mu) 18

Key Point 1: By, production

- LHCDb: a single arm forward spectrometer: ’{” .
T 6=90° n=0
bb are produced forward e
- Instantaneous luminosity 4 x 103?2cm=2s~1 i
- | ATLAS "
CMS In| < 2.2 75ub 4 x 10

LHCb 2<n<6 ~94ub ~ 9 x10%°
Albrecht, arXiv:1207.4287

- Not all pp interactions produce B: g,5 = 1% 00t
- Record only interesting events with a trigger system
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Trigger

Trigger is a 2-level system:
- LO Trigger:
- Made with custom electronics
- Use fast available sub-detectors information
- Rate reduction: 40 MHz —» 1 MHz
- HLT Trigger
- Software trigger
- Refine selection based on partial reconstructions
- Rate reduction : 1 MHz — 2-6 kHz

- Trigger Efficiency for B - utu~: 90%

19
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Key Point 2: Separation Sig/Bkg

Signal separated from combinatorial Bkg thanks to:
Mass and momentum resolution (magnet, tracking)

5” ~ 0.4 - 0.6% for p =5 — 500 GeV /c
AmW ~ 25MeV/c? (2 [3-4] times better than CMS [ATLAS])

HCAL

ECAL Ma M5

SPD/PS M3

Magnet RICH2 ) M2
T3

T1

1
..... TT,

CT T 1 1 19
LT 1 i
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Key Point 2: Separation Sig/Bkg

Signal separated from combinatorial Bkg thanks to:
Secondary vertex resolution: (high boost and tracking)
B average flight distance 10 mm
op = 25um at p; = 2GeV/c

Ecar HCAL Ma M5
SPD/PS M3
Magnet RICH2 g M2
T3
T2
T1
RICH1
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Key Point 2: Separation Sig/Bkg
Signal separated from physical Bkg thanks to:

Particle identification info (RICH — muons chambers)
e(K - pu) ~0.3%

e(p->un) ~03%

il

e(u - u) ~98%
e(r - u) ~ 0.6%
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LHCb Analysis
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Analysis Overview

- Answering the question:
Which BF is (in-)compatible with the observed data?

- Observed data = N(B{,, —» pu*p~ + Bkg)
1. Increasing sensitivity:
- Events Selection and Classification in categories
2. Derive Signal and Bkg expectations from control channels
3. Compare expectations with observation and infer about BF
- CLs method and Fitting procedure if signal evidence

-Data Set: 5011 10m-t  7Tev
2012 +11fb-! 8TeV |PRL 110, 021801, 2013
2012 +09fb-! 8TeV |PRL 111, 101805, 2013
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Selection and Classification

- After loose selection, classify evt based on m,,, and geometry

- Train Boosted Decision Tree (BDT) to recognize signal from
combinatorial background based on 12 geometrical variables

B candidate:
- proper time 2 .
- impact parameter S I LY
& 0.2 i =% Data sidebands 3 by
= tranSVG rse mOmentU m = E =‘= —8= [}aia exclusive B— hh’ 3 '
B . I - *SE == Simulation bkg
- ISO atlon 'g 0.15 - =¥= =%— Simulation signal
- Angle between pg and peyrust - +

- Angle in B rest frame between p,,+ and ppyst

0.15 =
Muons: [ ’%..4:

- min IP significance 0.05- -~
. - = =
- distance of closest approach > I T, §
- muon isolation 0L e gy
larisat | 0 0.05 0.1
- polarisation angie muons DOCA [mm]
- In(ky)-n(H)| Denrust 1S the sum of momenta of all tracks consistent with originating

- [o(H1)- @) from the decay of the other b hadron
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Selection and Classification

- After loose selection, classify evt based on m,, and geometry

- Train Boosted Decision Tree (BDT) to recognize signal from
combinatorial background based on 12 geometrical variables

. Bkg Region _, N —— Sig Region
a —0 ]
A - ]
ke - = —I—-—I—-—I—-—I—-—I—-—I—é-
107 —0— -
: —O— -
|—|:_:|—| -
vl —Q0— E
\o® [ LHCb —o— ]
10° & m Signal '—({3—‘ {—g
e Background ]

ID_-'.‘I. ] ] ] | ] ] ] | ] ] ]
0 0.2 0.4 0.6 0.8 [

BDT



Mathieu Perrin-Terrin - Measurement of B(Bs->mu mu)

2-D Binned Classification
LHCb %fbm _

6000

5 S R s S e ——
~ =

; L: - :
5 5800 e :
e R B i

5400 TG Analysis: Slgnal Mass Region

Hldden durlng anaIyS|s development
5200 R i

5000

0 02 04 06 08 1
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2-D Binned Classification

6000

2
My [MeV/c?|

0 02 04 06




Mathieu Perrin-Terrin - Measurement of B(Bs->mu mu) 30

Analysis Overview

- Answering the question:
Which BF is (in-)compatible with the observed data?

- Observed data = N(B{,, —» pu*p~ + Bkg)
1. Increasing sensitivity:
- Events Selection and Classification in categories
2. Derive Signal and Bkqg expectations from control channels
3. Compare expectations with observation and infer about BF
- CLs method and Fitting procedure if signal evidence

-Data Set: 5011 10m-t  7Tev
2012 +11fb-! 8TeV |PRL 110, 021801, 2013
2012 +09fb-! 8TeV |PRL 111, 101805, 2013
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Bkg Expectations

- Extrapolate Bkg from

side-bands
- Fit components:
- Combinatorial L
- Misld e
B? > h*h'~ e
0 + = .y 5
B ->mK v, i e
- Partially Reco s T
Bt - g%t utu- Y
0 - 1
Ab — PH vu i I
e :
:_ I BRI 1

- Total
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Bkg Expectations

B >, K'u v

- Partially Reco

BOt+ TL'O'+ﬂ+[,l_

Ay > PRV,

- Total =
.._]

u

- Extrapolate Bkg from .-'.'.;" d:
side-bands = I
. D .
- Fit components: = |
- Combinatorial 2 Jf
- Misld g ‘
BY - h*h'~ 2 sk

o

>

w

&
[ |
[ |
[ |
[ |
[
[ |
[ |
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Bkg Expectations

- Extrapolate Bkg from T-;-‘. 1
side-bands é’ -1
- Fit components: S I
- Combinatorial g -1
- Misld v -1
BY > h*h'- S |
B’ >, K*uv, w - |
- Partially Reco '
BO+ 7TO’+H+IJ_ I
Ay > PRV,
- Total =
—_
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Bkg Expectations _
- Extrapolate Bkg from LHCb
side-bands
- Fit components:

- Combinatorial

- Misld

B - h*h'~
B’ >, K*uv, ,

- Partially Reco

BO+ 7TO’+H+IJ_ o=

0

(=2
¢

Events / ( 50 MeV/c?

Ag - pPUV, = -

- Total =
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Bkg Expectations-~

L 1)
> - LHCb
- Extrapolate Bkg from i 1 :l
side-bands Q 12 I |
- Fit components: = o | b
- Combinatorial 2 bl
- Misld 2 s
0 + 1 /— - I I
B; > h™h 4 1 ®
B’ >, K*uv, ; |
- Partially Reco ol :
B%* - mO* yut - - | B .
Ag—>pu_7u /: _ — —— \
- Total &= . | \
e I R | e b o4 & 3 1 5 4 3
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M

Bkg Expectation

N N
(=]

S, :
S | I
Qo 18 I :l
- Extrapolate Bkg from = 1 L
side-bands 0 1 |0
- Fit components: PR 1
: : = 10 -
- Combinatorial § ) 1 C
B? > h*h'~ 4 i3
_ Y15
B’ >, K*uv, 2 1
- Partially Reco - °! - EETEEIR
B+ — 0+ ut - L i e 8 \\
Ag—>pu_7u f _ — S \
- Total = | | | \
— W PR W SR VR VR W W W W
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Bkg Expectationse = |

|

Q E|

= 20 -

- Extrapolate Bkg from S | 1
side-bands = 3
: 72 -1

+ FIt components: *de; 3
- Combinatorial o T

- Misld {
B - h*h'~ 1

B >, Ktuv
- Partially Reco
BOt+ 7TO’+H+IJ_
Ay — PRV,

- Total

u
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Bkg Expectations

- Extrapolate Bkg from

side-bands
- Fit components:

- Combinatorial
- Misld

B - h*h'~

B >, Ktuv
- Partially Reco
BOt+ 7TO’+H+IJ_
A) - puv,
- Total

u
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Bkg Expectations

- Extrapolate Bkg from

side-bands

- Fit components:
- Combinatorial
- Misld
B - h*h'~
B >, K'u v
- Partially Reco
BO+ TL'O'+ﬂ+[,l_

u

0 - = L -, .
Ab - p” vu = - _
- Total | . '
yi 1‘1 yi .l 1 1 1 l 1 1 1 \ 1 1 \\
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Misidentified Backgrounds - B(y, = h*h'~

MisID probabilities measured on data in bins of p and p;
- w - pand K » yu measured with DY - K*n~ from D** - D%x ™,
- p—->umeasured with A - pm~

Probabilities then convoluted with B&) — h*th'~MC spectra
to get the average double misID efficiency €, ., (~107)

Rate obtained applying €,, ,to the B?S) — h*h'~ yield
Mass shape is evaluated from MC

BE’S — h*™h'~ included as fit component with rate
constrained to expected yield
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Other exclusive backgrounds

- Yields obtained by normalising to B* - J/y K*

Yield in full  Fraction with
BDT range BDT > 0.7 [%]

BY, — hth'~ 151 28 E_xpeg:ted background
BY . ?T_.H+U;u 115+6 15 yleld IN [4.9-6] GeV/c?
B! - K utu, 1044 21
BYH) 5 g0yt~ 2848 15
Ay = pu v, 70+£30 11

B 5w, Ktpuv,, B"" - 7" pp rincluded in fit
- Mass PDF in each BDT bin determined from MC
- normalization fixed to expected yield

- A > pu v, :treated as a systematic
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Signal Expectations - PDF

60 ——

BDT PDF: ;E X

B, h*H same
S ‘2 N i
geometry as signal © “r Y(1,2,35)
- PDF by extracting yields 30 -
with a my,, fit in each bin 20 ]
-/, (28) ]
""™"4000 6000 5000 10000 12000
Mass PDF, Crystal Ball M- IMeVICT]

- Mean B(s) mass, from By, = h*h'~

- Mass resolution, from J /i, ¥(2S), ogo = 22.8 + 0.4 MeV
Y(1,2,35) and B(yy = h*h'~ mp_ — Mg, ~ 3.500

- Radiative tail from MC
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Signal Expectations - Yields

- Number of signal events corresponding to a BF:
N g0 ptp- X BF(Bgy = ptu™) X Np,
- Np_obtained by normalising to channels of known BF:
Bt - J/YKt and B - K&
- Correcting for efficiencies and hadronisation probability:

ORGHL BFpgrm
X fB(s) Ratio of probability for a b quark to hadronise
[ norm INto a B(‘;) or into the normalisation initial state

Esig
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Normalisation Ingredients

0 _
NB&)"#*#‘ =BF(B(5 - p'p”)
Obtained by fitting control

Nnorm <€

X BF channels invariant mass
norm
y / B(s)
fnorm
€.; . . .
9 . Measured with simulations
Enorm

Averaging the results from the two control channels:

SM expectations in signal mass windows:
40+ 4 B? - uty~ and 45404 BY - utu~

*LHCb-CONF-2013-011
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Time Acceptance Correction - 1

- Recall, decay rate depends on Axr:

0 +p—) — —r®t ¢ _ Ru-Ry
(F(B(s)(t) R AR )) — RHe H -+ RLe L and AAF = Ri+Ry

- So BY - u*u~ signal efficiency €sig depend on Axr:
[ T(Apr, t) x €(t) dt
J T(Aar, t)dt

€sig (Aar) =

- Signal efficiency used in normalisation...

Ng; : €iq(A4
BFS sig X fszg x Slg( AI‘)

.. = BEF X
ig norm
“norm Jnorm €norm

...Is obtained form MC and must be corrected to match latest

ys and tgo values:
SM

BO_>M‘u SM
S EMC — 104‘57

€
BO—>,uH/EMC = 1.015

€
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Time Acceptance Correction - 2

- BDT uses decay-time as input variable
- BDT PDF obtained with mainly 5° — h*h'~

- B% - h*h’~ and B? —» utu~ have different lifetime
distributions

- Need corrections: Bin | PDF Correction
(5}3DF T 1 (%)

—3.1061 £ 0.0196
—1.3778 £ 0.0290
—0.3887 + 0.0392
+0.2701 £ 0.0423
+0.7193 £ 0.0447
+1.3650 4+ 0.0457
+2.5423 £ 0.0463
+4.7365 + 0.0433

PDF ciorr . =5t
PDE,,,  FPF

- Nota: all these corrections depend on the
value assumed for A,

00 =1 & O = WO DD =
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Analysis Overview

- Answering the question:
Which BF is (in-)compatible with the observed data?

- Observed data = N(B{,, —» pu*p~ + Bkg)
1. Increasing sensitivity:
- Events Selection and Classification in categories
2. Derive Signal and Bkg expectations from control channels
3. Compare expectations with observation and infer about BF
- CLs method and Fitting procedure if signal evidence

-Data Set: 5011 10m-t  7Tev
2012 +11fb-! 8TeV |PRL 110, 021801, 2013
2012 +09fb-! 8TeV |PRL 111, 101805, 2013
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48

Sensitivity Expectations (CLS method)

Invariant mass [ MeV /¢? | Bb
00-025 025-04 04-05 05-06 06-07 07-08 |08-09 09 10
Exp. comb. bkg  61387{13 121.6733 28.2133 11.911 47704 2171088 | 0.79705 0.29104%
a1l nag] XD peak. bkg 0.3307005%  0.2107055%  0.1407008  0.1487001  0.147T501  0.14075:038 1013010042 01117005
Exp. signal g7 5407002 3200 37stial 0 37600 3.610tpdS | 3.68%0S 3797048

Expected significance fora B2 - u*tu~ SM signal : 5.0 o

Invariant mass [MeV /c? | BDT
00-025 025-04 04-05 05-06 06-07 07-08 |08-09 09-10
Exp. comb. bkg 65207112 127.0732 20472 12877 4.91% 2.1470% | 0825058 0.29705%
Exp. peak. bkg 197705 1257030 0.837030  0.8870E 08803 0.8370a | 0.770% 0.66707
0224 = 53H pyp Crossfeed 1381018 0851012 (5541007 (5000078 (510076 5GTHOOTT | 57gr00TE o 55 00T
Exp. signal 0.991012 06107505 03980012 0.42475:0%0  0.425700%9 0.408700%0 10.41670:012  0.428 0%

No significant BY — u*tu~ SM signal expected:
B(B® - utu™) < 5.4 x 1010 at 95% CL




Mathieu Perrin-Terrin - Measurement of B(Bs->mu mu) 49

Open the box

LHCb’%fb

6000

5800

5600

2
My - [MeV/c?|

5400

B, window

B2 window

5200

5000




Fit Projection

BY - ptp”

B —» u*p~

B’ > m Ktu v,
B+ - 0%yt~
B?S)_) h™h'"
Total
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-LHCb

, 31b!

o -BDT<0.25
2 2500 .

S

<

o

:-51

=

@)




Fit Projection

BY - ptp”

B —» u*p~

B’ > m Ktu v,
B+ - 0%yt~
B?S)_) h™h'"
Total
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Candidates / (50 MeV/c?)

[o2]
(=

-~
o
e

(=1
[=]
.

(2]
o

F=Y
o

w
(=]

‘LHCb
3 b
:0.25<BDT<0.4




Mathieu Perrin-Terrin - Measurement of B(Bs->mu mu) 52

Fit Projection 1.0 LHC

13 fb!
Bg St 59.4<BDT_$0.5
B® - ptp~
B’ > m Ktu v,
BO,+ - T[O +”+”
(S)—> h*h'~

Total
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Fit Projection . 'LHCb

3
B - utu EO.S<BDTSO.6

B —» u*p~
B’ > m Ktu v,

Bt o g0ty

B?S)_) h*h'"
Total




Fit Projection

BY - ptp”

B —» u*p~

B’ > m Ktu v,
B+ - 0%yt~
B?S)_) h™h'"
Total
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Candidates / (50 MeV/c?)

:LHCb
:3 fb
:0.6<BDT<0.7




Fit Projection

BY - ptp”

B —» u*p~

B’ > m Ktu v,
B+ - 0%yt~
B?S)_) h*h'"
Total
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Candidates / (50 MeV/c?)

:LHCb
23 fb!
-0.7<BDT<0.8
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Fit Projection

] :LHCb
{1 31
1| :0.8<BDT=<0.9

BY - ptp”

B —» u*p~

B’ > m Ktu v,
B+ - 0%yt~
B?S)_) h*h'"
Total

Candidates / (50 MeV/c?)




Fit Projection

BY - utp
B —» u*p~

B’ > m Ktu v,

BO+ o 7TO’+M+

0 /—
B~ h"h
Total

"
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:LHCb
:3 fb
:0.9<BDT<1

Candidates / (50 MeV/c?)




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

expected 5.0 o (median)

B(B, - u u )=(2.97 (stat ) . (syst ) x10 Significance: 4.0 o
B(B® — u u )= (3.7 "(stat )" (syst )) x10

Significance: 2.0 o

[ S R T P TN S = S Yo" BN o B

3x10”

8 I 10
B(B{—u*w)

Correlation between BR(B°—pu*u)
and BR(B,—p*w) : 3.3%

Profile Likelihood:

All parameters except
B(B? - u*u™) are floated
within their errors.
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BY — utu~ upper limit

- Obtained with the CLs method

nlIIIIIIIIIIIIIIIIIIIIIIIIIIII

dﬂ"
o

107!

10-2 I I B

Expected

Bkg+SM

3

4

5

RERENRES
LHCb
3fh !

Observed -

6 7 8 9 10
B(B” =t ) [107]

Expected bkg + SM

observed

z]_llllIIIIIIIIIIIIIIIIIIIIIIII

CL

10!

-ID-EIIIIIIIIIIIII

Expected
- Bkg only

| Limitat9sucl

Expected bkg only 4.4 x 1010
5.4 x 1010

7.4 x 10710

IR B
LH(?J
3fh

Observed

6 7 8 o 10
B(B’ — 1) [107"]
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Outlines

- Motivations to search for By — u*u~
- Searching for B{s, — u*u~ at LHCb

- Combination with CMS
- Conclusions
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CMS Analysis in Brief

- Dataset: 5 (7 TeV) + 20 (8 TeV) b1

- Trigger requirement :
- (sub-)leading muon pT> 3 (4) GeV, dimuon pT>4.9 GeV for |n,|<1.8
- (sub-)leading muon pT> 4 (4) GeV, dimuon pT>7 GeV for |n, [>1.8
- 4.8<m,,<6 GeV
- Vertex fit p(x?) >0.5%

- Discriminant variables: my, and BDT

- Two categories and 2011 and 2012 data kept separated:
Both muons in barrel : g,,~40 MeV
At least one muon in endcap: more events but g, ,~60 MeV



Mathieu Perrin-Terrin - Measurement of B(Bs->mu mu) 62

BDT

- Training on MC signal and data sidebands:

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

- 12 variables used, independent of pile-up conditions

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

- Then, 2 possible methods:
- Simple cut on BDT output, optimised for each sample:

limit computation
- Analysis in 3 bins of BDT vs mass (higher expected sensitivity):

simultaneous maximum likelihood fit
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Most Sensitive Bin 2"d Most Sensitive Bin
CMS-L=20f"/s=8TeV - Barrel CMS-L=20f"s=8 TeV - Barrel
% E 0.44 <,BDT < 1.00 —— data % 14__ 033 <BDT «0.44 —— data
o 8 — full PFDF O — full PDF
< [ Bg—sl.l"l.l' < L Bg—sl.l*l-l'
e B B —py < 2 B B =y
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e : 2
© C
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Results  arxiv:1307.502s, Phys.Rev. Lett.111(2013) 101804

+0.6

® (syst )) x10 ~*| Significance: 4.3 o (exp. 4.8)

B(B, » u u )=(3.0", (stat )",

-10 . .
B(B® — u'u )=(3.5"],(stat + syst)) =10 Significance: 2.0 o
51 10° CMS fs=7 TeV, L=5fb™' {s=8 TeV, L=20 fb”’
'1'1"‘ I e
= O o oef 43¢ 2 aef
T 1.8— 15' 40 153
@ [ BF(B Su)=E £ BF(B' =)=
IE-'S 1_5:_ 12:— (3. 0+1 [])x,]clg. 122— (3. 5;2_;)><1D1U
L 1nE 3o 1nfF
E o Sna 2 CLs Method | Limit at 95%CL
- E 1
b “doedisde)  Expected bkg + SM 6.3 x 10710
L ~ BF(B"-utw)
oak observed 11 x 10710
0.6 .
0.4F
0.2
- / s
GI-III1‘III\I\LIIII|IIII|IIII|.r|’IﬂII|IIII1"IIII|IIII|-.IIIIX1G
0 1 2 3 4 5 6 7 g 9 10

BF(B)—p'w)
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Combination CMS LHCDb

- Simple average technique (arXiv:physics/0406120)

- Treat correlated systematic uncertainty: fS/ fa

- Update CMS results with latest /s/ . *

fa
B(BY - u*tpu™) = 296733, +0.17, ,,, CMS
B(BY - p*p™) = 2.877392 £ 0.17; ;. LHCb

- Combined result:
B(B? - ptp™)=(2.940.7) x10~° Signifiance > 50
B(BY -» ptp~) =(3.671%) x 1071  Signifiance < 3¢

*LHCb-CONF-2013-011
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Outlines

- Motivations to search for By — u*u~
- Searching for B{s, — u*u~ at LHCb

- Combination with CMS
- Conclusions
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From 1984 to now...
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Summary
CMS 25 fb1 LHCb 3 fb-1

+1.0

B(By » u ' )=(3.0.2)x10 " 430 B(B, » u u )=(2.9",)x10 ° 400

-10

B(B' —> u'u )=3.5",x10 200 | B(B° > p'u)=3.7""x10" 200

-10

B(B' » £ 1 )<1.1x10 —° @95%CL B(B" > u u)<7.4%x10 " @95%CL

CMS + LHCb ;
First observation of BR(B,.—u*u) !!

MSSM-LL

-9

B(B, > ¢ u )=(2.9%0.7)x10
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Spares
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Some projections

- From LHCB-TDR-012:

Obs. End 2018 LHCb upgrade
50fp~1

B(B? - u*tu) 0.5x 107° 0.15 x 10~°
BB - utu) 100% 35%
B(B? - p*u7)
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A r Dependency

- BR results valid only if Axr =1

- In NP Axr can take any value between -1 and +1
- Results depend on A,r:

BRY(B, - u*u) [10°]

1 1 I 1 - I 11 1 I 1 - I 11 11 I 11 1 I 1 11 I 11 1 I 1 11
-1 -08 -06 -04 -02 0 02 04 06 038 1
Axr
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Exploiting A, Dependency

- New Physics can enter both BF;_, and Axr

[PI=1. [S[= 0. p =0 -

*

Different NP scenarios
feature different non-trivial
Aar — BF correlations

PP =;:7T /4
Nor}"-sca,lar ;
NP/(C),c)  Scalar NP (C(S

10>

Aar(BY — ptp”)
&

= S|, ps free; [P| = 1;¢0p =0
1 ¢p free;|S| =0;|P| =1 £ 10%

c,ap=‘é7r/2
Pl=1,[5|=0
06 08 10 12 14 16 18 20 22 24
<B(B) — ptp~) > /BYBY — ppu)su

* Modified from De Bruyn et al. PRL 109, 041801, 2012
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Exploiting A, Dependency

- New Physics can enter both BF;_, and Axr

‘‘‘‘‘

% IPI=115=0, pp=0 ps=m/2 Zp 04
Ly kk C(’
| f ~(1) _ “s,p
l:l QO 02
S—r
| ,
< =
T
o 0.0
E (7
= Scalar NP (Cg”’)
< == [5], s free; [P = 1 gp = 0 02l
1 ¢p free;|S| =0;|P| =1 £ 10%
== LHCb 1o, arXiv.1211.2674
‘P|‘: 1, |"S|:0‘ ‘ ‘ ‘ ‘ ‘ ‘ 04- J
06 08 10 12 14 16 18 20 22 24 04 02 0.0 0.2 0.4
<BB? — utp=)> /BB — utp)sm Re(Cs — Cg)

* Modified from De Bruyn et al. PRL 109, 041801, 2012
** Altmannshofer, arXiv:1306.0022
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Exploiting A, Dependency

- New Physics can enter both BF;_, and Axr
- The expe. BF dependency on A r must be accounted for
- The constraints are more accurate and more stringent

IP[=1, S| =0, pp=0 os=m/2 ‘ Y, = 0.0615 18_1516ps
e~ 02 T T T T
- QI Wlth( out) AAF dep
< 2 01f
_|- 1 ’.r B E - .
3 i i - ! i ]
. i' :IJTr 4: ,‘ - -
DT% o1 | Jer = of E
Qg ] Non Sc(,ajlar(,) -\(, i -
S _od NP',(Clo,C ) Scalar NP (Cg”’) - :
<§ 06l 1 1 |‘ = |S|, s free;|P| =1;p =0 -0.1 - __
' : , | |== @p free;|S| = 0;[P| = 1+ 10%
=08 | , == LHCD 1o, arXiv.1211.2674 -
_1_0{ 1 3 P:lI:Tr/2 \\ _0 _| v b v v b v P b v b by I_
Pl=1. 5| =0 92 015 -01 -005 0 005 0.1 0.15 0.2
06 08 10 12 14 16 18 20 22 24 Re(és-ﬁs')

<B(BY — ptp~) > /BYBY — ptp )sm

- Constraints on scalar are 30% more stringent
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Sensitivity Projection on Axr

- Axr can be obtained from effective lifetime,
J{TB®) » ptu)) x tdt

T TTRBE) - ptpo)) dt
- LHCb measured 7,¢¢(By - K*K ™) at 7% precision with 552
signal events which give an uncertainty on A,r of 100%

- Assuming the same
sensitivity (S/B =10 ) for
BY - u*tu~ , with 50fb~1:

AI

o [%]

Erroron A

N
o
o

150

100

N 1+ 2A5r ys+ s
1—ys 1+ Aar ys

T T 7T T T T T T T T TT ] Tr T T T T rorTrT

=1 1 | | L1 1 | | I 111 | 1111 | 111 | | L1 1 | | | | 1111 | 111 | | 1 1 1=
10 15 20 25 30 35 40 45 50
Lumi [fb™]
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Uncertainty with new lattice Fg

Cifg "
- Recent works in Lattice QCD fBB = 2PDG Vb
claims uncertainties at 1.3% o e HPOCD NRQCD
- Results still discussed T HPOCD HISO
- ‘Conservative’ approach: B “'* e || MIEC T
Central value from weighted average| . . " [encions
+ uncertainty of 8 MeV o ALPHA 11126175

150 175 200 225 250 275 300
fy /MeV 1

- If results confirmed: Uncertainty Budget

BF(B? - u*tu™) =3.57 + 0.18 X 1079

- Dominant uncertainty |V;, Vil

Fgs 72.5% | 27.0%
Vi Visl | 22.8% | 60.0%
m, 3.7% | 9.8%
Tgsandy, | 1.1% | 2.8%
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Hadronisation Probablility f. /f,

- fs/fq 1S measured at LHCDb by comparing abundances of:
. B,? — Ds_n"', B% - DK* and B® - D™ ™ arxiv:111.2357 aka PRDS5 032008 (2012)

. Bbp - DS_,U+X and B? —» D_,U+X LHCb-paper-2012-037 in preparation
-Use B(D; » K*K ™) and 75
cat7TeV: f./f, = 0.259 + 0.015

= 06_ rrt ! I ! ! ! rr T r1Tr T T
*  pr dependency small enough to E 05;_ LHCb
be negligible o

« /s dependency checked with
B* - J/YK* and By - ] /{¢:

stable within 1o

O.IIIIOOOOIIIiOOOdlIéOOOOlII‘;lOOOO
p T(B) [MeV/c]
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EXxclusive Backgrounds :
By » K"u v,and B° »n*u~ v,

- Lower contribution from BY - K+ u~ v, explained by:

* fs/fa = 0.26
- B(BQ > K*u v,)/B(B° > ntu v,) =0.88
* €xoyu/€nsy = 0.28 (RICH efficiency and B(K~ - u~ v,)/B(n™ - u~v,))
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BDT Variables

79

Muon isolation: number of other tracks with which the

muon can make a good vertex
Other tracks requierement:

- Long track

- Impact Param Significance with PV > 3
Vertex requirement:

- Angle track-muon<0.27rad

- Distance of Closest Approach < 130 um
- Distance to PV: 0.5cm<d<4cm
- Distance to SV: -0.15cm<d<30cm

. |pu+ptrack| sin a
|pu+ptrack| sin a+pr,u+PT track

< 0.6

Ptrack
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BDT Variables

Polarisation Angle:

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

B Isolation:

| — Pt B

P15 + Liracks PT track
sum running on the tracks such that 6n* + §¢? < 1.0
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MVA Selection Variables

- B Candidate

- Impact parameter*

- impact parameter y?

- x? of the vertex

- pointing angle

- distance of closest approach*
- Muons

- min IP

*common with BDT



