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Motivation:
search for new physics
In SM B.°= pu and B> pu have a highly suppressed rate: hannel
1. forbidden at tree level and can only proceed through e

. . 0 11— -9
higher-order loop diagrams B = 1 (3:2£0:2)x10
2. helicity suppressed by factors of (m,/m;)?, where m, BO > ptu- (1.1£0.1) x 10720
and mg are the masses of the lepton and B meson *Buras arXiv:1009.1303.
3. require an internal quark annihilation within the B
meson
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CMS Experiment at LHC, CERN

Data recorded: Wed Oct 26 08:10:31 2011 CEST -
Run/Event: 179889/533479508 -

Lumi section: 320 '




weight: 12500 t The CMS dEteCtor

overall diameter: 15 m
overall length: 21.6 m
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Muon track reconstruction

® Tracks: Excellent p; resolution = 1%
® Tracking efficiency > 99% for central muons

® Excellent vertex reconstruction and impact
parameter resolution (= 15 um)

® Muon candidates: Match between muon
segments and a silicon track

® Large pseudorapidity coverage: |n| < 2.4

“ Muon and trigger efficiencies evaluated with

1. MC methods
[ methods: Tag & Probe

Tight muon efficiency
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Analysis overview

All the selections chosen with the signal regions blinded —|[REEEEECENRINEIEIESIE )

overall window 490<m,;,,<5.90

Backgrounds estimated from the sidebands and from MC | Plindingwindow — 5.20 <y, <345

B% > p*u~ window  5.20<m,;,<5.30

Normalization samp|e B* é .I/l.IJKi- 9 (u+M-) K2 to avoid B > 'y~ window  5.30<m,;,,<5.45

® uncertainties of the bb™ production cross section

® |uminosity measurement

® mitigate the efficiency effects

B+
0 . NS f E . f./f,=0.267 +0.021 [LHCb arxiv:1111.2357]
BI"(BS —uu )= B L ot BI’(B ) Br(B*) from the PDG
obs S tot

Control sample B, - J/Y@ 2(u*w)(K*K) to compare and validate B, mesons in data
and MC simulations

We do not need the luminosity absolute value anywhere

Divided the sample in:
* barrel (both muons with |n|<1.4) = better sensitivity, mass resolution = 40 MeV
* endcap (otherwise) = add statistics, mass resolution = 60 MeV



© Signal B’ 2utu:

® Backgrounds

Signal versus Background

two reconstructed muons
invariant mass around m(B(S)O)

long lived B, with a well
reconstructed secondary vertex and
a momentum aligned with flight

direction

two semileptonic B decays

one semileptonic B decay and one
misidentified hadron

D

single B decays
® peaking (B, 2K K*)
® non peaking (B, 2K u*v)




CMS Experiment at LHC, CERN
l Data recorded: Tue Jun 28 15:43:56 2011 CEST
i Run/Event: 167913 / 405277425
Lumi section: 382
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Candidates

Signal selection: most
discriminating variables

Pointing angle a;,

Flight length significance /5,/0(l5,) \/

Impact parameter significance 6,,/0(8;;) PV\-

e

Selections optimized (random grid search) for best
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Candidates

10

Isolation

Isolation cone around the Primary vertex:
I = P, (B)

i pJ‘ (B) + Etrk pl‘

® Tuned to minimize MC/data discrepancies and maximize bkg rejection

Isolation on the Secondary vertex:
® Distance of the closest track to SV (d_,°)

® Number of close tracks in d_, < 0.3 mm and p; > 0.5 GeV

Data side-bands vs signal MC:

CMS, 4.9 fb1 Preliminary \@ =7TeV CMS, 4.9 fb1 Preliminary \@ =7 TeV CMS, 4.9 fb1 Preliminary \/g =7TeV
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Data - Simulation comparison

Needed to validate signal (through the control sample) and normalization samples

Differences data — MC taken as systematics uncertainties:
» On B* = J/YK?, max diff = 2.5% (isolation) tot = 4%
» 0n B = J/p, max diff = 1.6% (secondary vertex x¥ndof) tot = 3%

Excellent MC — data comparison

Side-bands subtracted data vs control MC:

CMS 4 9 fb Prellmlnary 7 TeV
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Pile-up

® in2011: <N, > = 8, RMS(z) = 5.6 cm

® Selections have been tuned to be pile-up independent

® e.g.isolation searches only for tracks coming from the same
primary vertex or not associated to any

© Efficiencies of all selection criteria have been evaluated versus the
number of reconstructed primary vertices

@ All selections are compatible with a constant at least until 30 PV

Normalization sample Control sample
CMS, 4.9 fb™" prelimnary \[s = 7 TeV CMS, 4.9 b preliminary \[s = 7 TeV CMS, 4.9 fb” preiminay \s =7 TeV 1. CMS, 4.9 fb" preimnay S =7 TeV
Sl e Sl gl2m T T \ \ \ \ \
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o o Ja) —
A A ] o2 _g L
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o0 0000000 es iy u 8 4 _8 1H *
0-0eeeeoocsee ‘{ b ' & e .. ? T e ¢+‘
cocse, ;
: oo ® | e ol IR
0.8 B 0.8 % - 0.8~ - 0.8~ =
A3p - | 63p/0(63p) - Ip/of(lyp)
0.6 B 0.6 B 0.6~ - 0.6~ -
I | \\‘\\\\‘\\\\‘\\\\‘\\\\7 7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\7 7\\\\\\\H\HH\HH\HH\HH? HH\H\\\HH\HH\HH\HH?
i 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Ney Noy Ney Ney

is also obtained from




Normalization Channel: B*-2J/y K*

® Needed for the extraction of the branching fraction

S CMNSY, ‘}9 '{fb?l?reiim}naryx Y {Sx=x7x-r{ey
® Same selections as for signal, plus 810000 ' Barrel
® 3.0<m(up)<3.2GeV S ool ]
® pT(up) >7 GeV g |
® pT(K)>0.5GeV £ 6000, )
. g (©]
® all tracks used in vertexing 400" 0
® Fit pdf: 2000} ]
® signal: double Gaussian o L
® bkg: exponential + error function at 5.145 GeV for TR G
¢ B9 J/P K'2DptpK (i) decays
. . , G _1Preliminary \/7=
® estimated sys error on the event yield: 5% > e SSSTRY
® varying bkg, signal pdf o | Endcap
® mass-constraining dimuons to J/{ ° 15001
©]
Acceptance 0.162 + 0.006 0.111 £ 0.006 i
500
N 0.00110 +0.00009  0.00032 + 0.00004

Ngpe 82712 + 4146 23809 + 1203




Rare Backgrounds

®  CKM-suppressed semileptonic decays
® e.g. BY2K u*v, with one fake muon (continuous shape)

CMS, 4.9 fb-1 Preliminary \g =7TeV
T ‘ T T T ‘ T T T T T T ‘ T T T ‘ T T

> I
() 1 N
a a CMS simulation
® Peaking hadronic decays g . Barrel an%mi-
B B® — K'm
® e.g. B22K K*, with two fake muons (shifted to left due to muon mass 8 081 Egz*ﬂ'yfv
assignment) 3 160 KK
3 06 MBS Ky
"g B - xtK
1 t . L 1B - o'
® Each channel normalized to B* in data: S o4 —J I
B AL - puv 7
Br(Y =X e (X . WA pr
N(X)= i( ) - & tot( i) Nobs(B_) A= p
Br(B* —JIyK*) [, &,/(B)
¢ weighted with muon-misid evaluated from data: 5 52 54 56 58
D™*2DOr* DKm*mt, Apm m,, [GeV]
® r<0.10 % both for pions and kaons - CMS, 4.9 ‘fp"‘.:r‘eu‘mm‘a,‘y Ns=7Tev
® r<0.05% for protons S | Endcap owMssmuaion -
Te) OB° - KK
S osh 18 — K
¢ sys errors: branching fractions and f./f, S =
L 8 - KK
_'8 0.6/ -ggﬁi';\/
¢ Expected events: 2 S
O 04+ WA -pK o
i -A§—>PM_V il
low sideband high sideband [N mier
. Barrel 3.01 £0.63 0.332+£0.070 0.182 £ 0.057 0.02 £0.00 h

5 52 54 56 58
Endcap 1.26 £0.24 0.149 £ 0.028 0.082 £ 0.023 0.02 £0.00 m, , [GeV]




Systematics & cross-checks

Category Uncertainty Barrel | Endcap
fs/ fu production ratio of # and s quarks 8.0 8.0
acceptance production processes 3.5 5.0
P} * | mass scale and resolution 3.0 3.0
efficiency (signal) discrepancies data/MC simulation 3.0 3.0
efficiency (normalization) | discrepancies data/MC simulation 4.0 4.0
efficiency (normalization)* | kaon track efficiency 4.0 4.0
efficiency trigger 3.0 6.0
efficiency muon identification 4.0 8.0
normalization fit pdf 5.0 5.0
background * | shape of combinatorial background | 4.0 4.0
background rare decays 20.0 20.0

Cross Checks:

® Background estimate with inverted isolation (1<0.7, not blinded)

® Branching fraction of B, 2J/J¢p

® cross-check for consistency

vent yield ratios during 2




Data recorded: Wed Aug 17 06:31:23 2011 CEST

Run/Event: 173389 / 173713433

CMS Experiment at LHC, CERN
Lumi section: 137
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Before unblinding...

Background = combinatorial (constant shape) + rare (MC shape)

Candidates / 0.025 GeV

Combinatorial events in signal windows:

1.5

0.5

subtract rare events from sidebands

* scale remaining events to the different widths of the regions

CMS, 4.9 fb1 Preliminary \/g =7 TeV

Barrel

// /) BY signal window
N\ B? signal window

‘ | | | |

v/

56 5.8
m,, [GeV]

Candidates / 0.025 GeV

1.5

0.5

CMS, 4.9 fb1 Preliminary \FS =7 TeV

T | T T T ‘ T T T ‘ T T T ‘ T T T | T T
Endcap

// /] B? signal window
N\\\| B signal window

1 1 1 1 |

]
]
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...Unblinded

Variable | B°->up Barrel | B> up Barrel | B°=>up Endcap | B.°2>up Endcap
B 0.0029 * 0.0002 0.0029 + 0.0002 0.0016 *+ 0.0002 0.0016 *+ 0.0002
Nyigna®™® 0.24+0.02 2.70 £0.41 0.1040.01 1.23+0.18
N oS 0.40 + 0.34 0.59 + 0.50 0.76 + 0.35 1.14 £0.53
Npeake"p 0.33 £0.07 0.18 £ 0.06 0.15+0.03 0.08 £ 0.02
Ny &P 0.97 +0.35 3.47 +0.65 1.01+0.35 2.45 + 0.56
N, 2 2 0 4
CMS, 4.9 fb_1 Preliminary \/g =7 TeV CMS, 4.9 fb-1 Preliminary \E =7 TeV
> 5 T | T T T | T T T | T T T | T T T | T T > 5 T | T T T | T T T | T T T | T T T | T T
2 : 2 | :
o | Barrel | o | Endcap -
QA - 0 _. . | N - 0 _. . |
2 4 —— B signal window S 4 —— Bg signal window|
= 7 ...t B? signal window- = ...t B? signal window-
L | ] o [ ]
3 3r 5 3 3r 1 5
O i . S - |
c - . c - .
4] - . ] L i
®) - ] &) N i
2 M - 20 i T
I nimm n 0 - 1 B i 1T
- |. I u - |. ...... I _
i | Il Il Il | Il Il Il 1 | Il Il Il | Il I_ i Il Il Il | Il | Il Il Il Il Il Il Il ]
5 5.2 54 56 58 5 52 54 56 5.8
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Results on the upper limits

With CLs at 95%CL:

BR(B.>>uu) 7.7 x10° 8.4x107°
BR(B°2>up) 1.8 x 10°° 1.6 x 10°°
Bkg only hypothesis Bkg + SM hypothesis
CMS Preliminary 49" Vs=7TeV a CMS Preliminary ——T T T T a2 fblq’ ‘(.g =7 Tev
P AL LA s sy : 0.4 _
L Observed CLs 4 — ~ Observed CLs+b -
© 04l - H O i o |
: ----- Expected CLs - Median : B U Expected CLs+b - Median ]
: - Expected CLs + 10 : 03 __ - Expected CLs+b = 10 __
03 __ __ : I:I Expected CLs+b = 20 :
0.0 ] 021 pectation bands
01f E 0.1 -
0: :X10-9 0_| 1 1 | 1 1 1 ] 1 1 1 _X10-9

4 6 8 10 12 4 6 8 10 12




Conclusions

® A blind analysis searching for the rare decays B’ - u*u~and B% - u*u-
has been performed by CMS in pp collisions at V(s) =7 TeV

® The data sample corresponds to the integrated luminosity of all 2011 run (4.9 fb1)

® This result supersedes our previous measurement (BR(B.,° 2u*u7) < 19 x 10°)

® Stricter selection requirements are applied resulting in a better sensitivity and a higher signal to
background ratio

~ 10 prer e
> - *
. . P A
CMS new upper limits (95%CL) 0 7 S eg° :
. e U e §
BR(B,°> up) 7.7 x 10° o . °% e |
S o ., ]
BR(B°2D up) 1.8 x 107 £ 10° o ;.NEW
= E SM: Bg — ﬁ‘ E
S kel 250
o 10'9 H (1 BABAR A LHCb | A... -
) a B CMS E
* LHC comb.
perys SM B — M M
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A new and improved analysis

® The data analyzed here includes the data set used to obtain the earlier result
® 1.14 fb~! have been “reblinded”

® Significant analysis improvements

® Muon identification algorithm moved to a tighter selection
® decreases the muon misidentification rate by 3x

® |solation variables:
® primary vertex isolation modified
® distance of closest track modified
® track counting added

® Added 3D impact parameter

® non-monotonous changes

® Analysis improved with
® higher sensitivity
® pile-up insensitive up to ~30 primary vertexes
® largerS/B
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Trigger SN/
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N
NN
Trigger requirements tightened during the 2011 data-taking, N "
following the increasing instantaneous luminosity

! R Tt O

p\ .‘.;-\\-- o
Signal (eff 74-84%) 9 \4,,}&\ \§
p o / A ‘l:" \
° dimuon pT > 3.9 GeV (5.9 GeV in the endcap) : g '/l,’/"( (\ .\\ §‘
& - ‘ 5 \ \ 5
° muon pT >4 GeV, =4 A 3!
° invariant mass 4.8 <m < 6.0 GeV https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
. e ' ' 2 trigger paths
° distance of closest approach to each other <5 mm 2 10°3 2011 Run, L=1.11b" Jhy mv'
. . e CMS \s=7TeV mJy
o dimuon vertex fit y2/dof > 0.5% 5 10° B, —
Y Y my
£ 10 i low p_ double muon
Normalization and control samples (eff 77-60%) & high p_ double muon

®  dimuon pT>6.9 GeV 10°
° muon pT >4 GeV, |n| <2.2 10?

z

° invariant mass 2.9<m,, < 3.3 GeV
° distance of closest approach to each other < 5mm

° dimuon vertex fit y2/dof > 15%
107

T T T

° + “displacement”: 1 10 i 10 (GeV]
Imuon mass e

L4 pointing angle cos a,,>0.9

° flight distance significance |, /o(l,,) > 3

efficiencies evaluated vs p; and n with




The defining regions

For the signal: B Mass = 5.28 GeV, B, Mass = 5.37 GeV
overall window 490<m,;,,<5.90 | B% - p*u~ window 5.20<m,;,,<5.30
blinding window 5.20<m,;,,<5.45 ‘ B.% - p*u~ window 5.30<m,;,,<5.45

For the normalization: (Jpsi mass in [3.0, 3.2])

Region definitions Invariant mass (GeV) Region definitions Invariant mass (GeV)

overall window 4.90<m,; 5 <5.90 | signal region 5.20<m ;5 <5.35

low sideband 5.05<m,; 5 <5.15 ‘ high sideband 5.40 <m,; < 5.50

For the control: (Jpsi mass in [3.0, 3.2], Phi mass in [0.995, 1.045] and AR,,<0.25)

Region definitions Invariant mass (GeV) Region definitions Invariant mass (GeV)

overall window 4.90 <M1 o, < 5.90 | signal region 5.27 <M1 ok < 5-47

low sideband 5.10 <m0 < 5.20 ‘ high sideband 5.50 <M1 54 < 5.60




Candidate Selection: optimization

® Optimization of the selections made with a random grid
search with 1.4 x 10° runs

® Uses Bkg side-band and signal MC

® figure of merit: best upper limit

Variable Barrel | Endcap | units
PTu1 > 4.5 4.5 GeV
PTuz > 4.0 4.2 GeV
Prg > 6.5 8.5 GeV
dp < 0.008 | 0.008 | cm

&p/e(d3p) < | 2.000 | 2.000
&< 0.050 | 0.030 | rad
x2/dof < 2.2 1.8

baq/0(€3q) > 13.0 15.0
I> 0.80 | 0.80
2, > 0.015 | 0015 | cm
NEoo 2 2




Combinatorial bkg evaluation

® Dimuon background = rare + combinatorial background

® The combinatorial bkg is assumed to have a constant shape

® checked with inverted isolation sample (syst 4%)
® The rare bkgis subtracted from the sidebands

® scale the remaining event counts proportionally t:

Am, _width of the signal window

Ts,d

59-49-0.25 width of the side-bands




Upper limit extraction

B . B B B B B B B
Nﬂ Lt Pﬂlﬂ{'r’ Vp + uﬂ'jrm + Pssﬂ'ﬂus -+ Psdp‘dud ]

B . B B B B B B B
Ng ~ Pois(tgyy + Vd rare T PdsthsVs + Pgaitavy )

with (i = s,d)

—rg Ratio of {B" — pp)-signal window size to size of background window
Ufg rare  EXpected number of rare background in {B” — pp)-signal window.

vy Expected number of recunstructe:l {B“ — pp) decays in barrel region assuming the SM
Pg Probability for a reconstructed B — e decay to be in (B” — pp)-signal window.
i Signal strength of B“ — LW, that is the ratio of true branching ratio to SM branching ratio.

The expected number of reconstructed decays assuming SM is
Bﬂ Bn Bﬂ
BM(B? — up) f; Apo Eirig €4° Eanalysis

B(B= — J/¢K®) fu Aps B, eB" B

v = N°b(B* — J/pK*)

in each “channel” (B,, B in barrel, endcap)

| model is 6 poissonian observables (N, N2, N, N, N.t, N,B), 2 nui

und (v, v,B) and additi




Results on the upper limits: p-values

® With CLs at 95%CL

BR(B.2>uu) 7.7 x10°° 8.4x107°
BR(B°2>up) 1.8 x 107 1.6 x 107

* p-values for SM + bkg

w/o cross w/ SM cross floating w/ SM cross
feed feed cross feed feed

BR(B.%>up) 0.06 (1.50) 0.07 (1.50) 0.11 (1.20) BR(B.%>up) 0.71
BR(B> ) 0.11 (1.20) 0.29 (0.60) 0.24 (0.70) BR(B*>up) 0.86
CMS Preliminary Bkg Only 491", (s =7 TeV CMS Preliminar?kg+SM Signals 4.9fb”, s =7 TeV
g F o e ] p 04 I
04 ----- Expected CLs - Median _- CI) R - + N i
- Expected CLs = 10 E 0.3 - Expected CLs#b = 10
0.3 I:l Expected CLs = 20 B I:I Expected CLs+b = 20

0.2

0.2 pectation bands




Superlso V3.1 (CPC, 180, 1579)

Few interpretation examples, Isalet
calculations

m, vs tanp (CMSSM prediction for B, — u*w’)

— 2500 5
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m, vs tanf (NUHM prediction for BS —utu)
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1000/—
i sajet Calculation
I m, , = 300 GeV
- A, =-1300 GeV
500—
L u = 1000
- ~ m, = 400
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% 10 20 30 40 50 g0 2x10°
tanp

White regions due to previous upper limit results

impact for high tan(p)




MasterCode (arXiv:1112.3564)

Best fit for CMSSM MaSte rCOde

With summer 2011 result With this new result

95% CL
68% CL
ek .4I0. ek

CMSS NUHM1

N °F E N %E E
7E- = CMS Moriond 2012 3 7 E_ = CMS Moriond 2012 é
6 E— ——— CMS+LHCb Summer 2011 E 6 E— ——— CMS+LHCb Summer 2011 E
s3f- MaSTEeRcope/ - 3f- MAaSTEeRcooey 3
I T R E e e e O Ay :

8 5 6 7 8
BR(B_—)"/BR(B — )™ BR(B_—1.)f"™/BR(B_— )™ )




In the process of precision determination of the luminosity _
collected by CMS in 2011, a slight time-dependent calibration drift
was found in the calorimeter used as a luminometer

To remedy this, we developed an independent luminosity
determination using stable and precise pixel tracker

Preliminary result presented at the LHC Luminosity Days suggests
an upward change in the estimated luminosity for 2011 by ~6%, i.e.

slightly outside the 10-band of our original estimate of the
luminosity uncertainty

® The corresponding change for the low-luminosity part of the run
(2011A), which is the basis of our new and published precision
measurements, is ~3.5%, well within the quoted systematics

We are finalizing determination of the new luminosity
measurement, with significantly better precision

The anticipated change has a very minor effect on our preliminary
results and no visible change in published limits

Instability does not affect the 2010 luminosity determination, as it
only affects high-luminosity running



