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Outline

* The CMS Detector

* AT, measurement in the B.>J/y¢ system
* BY, B*, B,, A\, cross sections

* =7, observation

* B"_decays

* D%>pup branching fraction

* B.~>up and B9 pu branching fractions



The CMS Detector sucovmack:

~1m? ~66M channels
Microstrips (80-180um)

Pixe“ S ~200m? ~9.6M channels

CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER (ECAL)
EC AL ~76k scintillating PbWO, crystals
HCAL
Solenoid

PRE, R

Steel Yoke Sllloor‘lgsHtr?)sWE

Muons | | J A ~16m?  ~137k channels

STEEL RETURN YOKE .
~13000 tonnes
SUPERCONDUCTING
SOLENOID
Niobium-titanium coil
carrying ~18000 A FORWARD
CALORIMETER
Steel + quartz fibres
: HADRON CALORIMETER (HICAL, w2k channeis
Total weight : 14000 tonnes Brass + plastic scintillator (HCAL) . MUON CHAMBERS
Overall diameter :15.0 m ~7K channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers
Magnetic field :38T
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The CMS Detector

* Muon high purity (mis-identification of m, K, p as muons of the
order of per mill)

* Excellent p; resolution (~1% in the barrel region)

e Great primary vertex resolution (10-20 um)
* Flexible high level trigger

trigger paths
Jhp mv'
mJy
Bs — u'w
my
[ low p_ double muon
high P, double muon

2011 Run, L =1.1 fb™
CMS Vs=7TeV

Events per 10 MeV
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Ars in BS_) J/ll) (I) CMS-PAS-BPH-11-006

* B, neutral meson which can oscillate between the flavour eigenstates

* In SM a small CP violation is predicted ¢ .~-2B.=-(0.0362+0.0017)

* Two CP eigenstates of B, mass eigenstates B and B,—> Al =T -,

* An angular analysis is reqwred to disentangle the dlfferent states [CP (-1)4

d*T (Bs(t)) é | untagged
Y (O, ta) = ;Oi(“’t)'gi<@) ’E analysis model
o T T < A e oot 3 conprammara ]
O, = |A||(t)\2 = |4 (0 )[2e~ st [cosh (AT st/2) — cos ¢ sinh (ATt/2)]
05 = |AL(1)]> = |AL(0)]% T [cosh(ATs#/2) + cos s sinh(ATst/2)] 7

504 = Im(Aj(H)AL() = |A(0)[|AL(0)[e™ [~ cos (61 — &))) sin ¢s sinh (ATt /2)]
E Os = Re(Ap(t)A) (1)) = |Ao(0)]|A||(O)|coscSHe_rst[cosh(Arst/Z) — cos ¢ sinh (AT st/2)]
i O = Im(A(AL(t)) = [A0(0)||AL(0)]e™ [~ cosdy sin s sinh(ATt/2)]

Simplifying assumptions (treated as systematics unc.)

«p.= 0 rad .’ Z
* No S-wave contribution (B,.->J/ KK) ™ I/
Measured physical variables: LS }VK Transverity basis

a= {lAO | 21 |AJ_ |21 6| | [rad]l Ars[pS'l], CT[Cm]}



Al - B,— J/y ¢ reconstruction

Primary

vertex Secondary

vertex j/,,

w

W

Decay channel B.~>J/\d—> pHu KK

* Muons (tracker & muon stations)

with p; >4 GeVand |n| <2.2

*J/b candidate: L, /o, > 3, p; > 7GeV,
vertex probability > 15%, mass within 150
MeV of the PDG value, cosa,,> 0.9, distance
of closest approach of muons < 0.5 cm

¢ candidate: pair of opposite sign tracks
(assumed to be kaons) with p; > 0.7 GeV,
mass of ¢ within 10 MeV of the PDG value
* B, candidate: built from 4 tracks vertex,
constraining dimuon to J/{ PDG mass,
vertex probability > 2%



Al -B.,— J/Y ¢ efficiencies

* Used factorized efficiencies (ct).g(cos;).e(cosy).€(P;) since the correlations in the 4D
efficiencies are very small

* Obtained using simulation (MC validated with data)

e Cut on ct > 200 um in order to remove the turn on efficiency curve due to the ny/oxy> 3,
selected B, candidates are in the efficiency plateau
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AT, - fit

5D Unbinned Maximum Likelihood fit

Ny £(cT)e(cos 0, )e(cosy )e(d, ) fs(cT,cos 0, cosyy ¢, ,M 1) ® G(cT 10,)] +
Ny foa(cT.c080, cosy, ¢, . M)

Main systematic uncertainties on Al evaluated with MC pseudo-experiments

e ct resolution: per-event proper time error, calibrated using MC and lifetime-unbiased
data sample (collected w/o decay length cuts)

* S-wave: effect estimated assuming S-wave component with [A;| =0.03

* Background angular model: used 3D histogram, {cos6;, cosy, &,} which includes
possible background correlation instead of the singular angle histograms

e ct efficiency (fit on data): uncertainty estimated using various parameterizations of the
proper time efficiency curve
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Al - B.,— J/P ¢ results

B, proper decay length
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Al - B.,— J/P ¢ results

CMS preliminary, 5 o' \s=7TeV
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Al = 0.048 + 0.024 (stat.) + 0.003 (syst.) ps*

Ctg= 0.04580 * 0.00059 (stat.) £ 0.00022 (syst.) cm
|A,|?=0.528 £ 0.010 (stat.) £ 0.015 (syst.)

|A; |2=0.251 +0.013 (stat.) £ 0.014 (syst.)
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data/POWHEG do/de(pp—>AbX—>J/‘IfA X) (nb/GeV)

N\, production measurement

Phys. Lett. B714, 136

* A\, production measured in decays to J/PA
*Yields and efficiencies computed in bins of p; (A,) and y(A,) to obtain
differential cross section
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N\, cross section compared to B mesons

* New A, measurement allows
for comparison to B*, B° and B,
mesons

* Baryon spectrum falls faster
than meson spectra

Summary of do/dp;
RIS P
N dpr PT nT
n(B+*) =5.5+0.3 n(B% =5.8 +0.3

n(B%) = 6.6 + 0.4 n\o) =7.6 +0.4

(pp— b-hadron X) (ub/GeV)

T

do/dp

10E

CMS \s=7 TeV

+ B*(lyPl1<2.4)-
B* Tsallis fit =
= g° (ly® I<22)‘
— B TsaII|s fit =
v B (Iy I<24)-
— B° Tsallis fit |
o A, (y"1<2.0)
— A, Tsallis fit

b- hadron P, (GeV

01_| IIII|
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N\, cross section compared to B mesons

CMS Prelimi Ns=7 TeV Spring 2012 .
- Imlnary > ° value = sz:lxr:ygst.:lum.error ¢ Measured Integrated CrOSS
(luminosity) . + O
pp— A, X — JAp A X - 116+0.6=1.2 2.0 sections for B 'B 'Bs '/\band
P;>10 GeV, lyl<2.0 (x10000) (1900 pb™) NLO prEdiCﬁonS are in
op— B' X L 28124220231 agreement, but data sit mostly
P:>5 GeV, lyl<2.4 (6pb7)
at the upper edge of he theory

gE;GiV?(kazz —== ((343;?);1)2.5 +31+36 uncertal nty
pp=>B X =Jp X = 6.9+0.4+0.7 +0.3
8<p,<50 GeV, lyl<2.4 (x1000) (40 pb™")
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A,/ \, asymmetry results

* Also measure yields and efficiencies as ratios between particles and
anti-particles

» Use charge of higher momentum A track to identify the (anti-)proton
* Results are consistent with no asymmetry — within large uncertainties

a(A,)/o(A,) = 1.02 + 0.07(stat.) + 0.09(syst.)
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Phys. Rev. Lett.108,

, discovery
252002 (2012)

Mass constraint
assume p(p)>p(m)

vertex fits
o
SVa .. A
10c from /" e 20 MeV Ks mass veto
20 MeV Q™ mass veto

Y
SVE beam

....
,,,,,

Closest PV to
=, trajectory

Match p to triggered muons
Im(pu)-mJAy)ppg| = 150 MeV
15
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= ,reconstruction

* Search strategy to maximize =, yield
= ,2J/W(pp)= (ArT) with A—>prt
* Selection cuts determined with
optimization algorithm on data
* Randomly vary selection and
keep better combination
* Select on track d,/o, vertex
displacement significance,
pointing angles, vertex
confidences, and track and
resonance p;
* 30 variables in total
* Last step to add prompt it consistent
with =, direction with p;>250 MeV

70

candidates per 20 MeV
o))
o

30

~b

N
o

10

- cms
N \s =7 TeV

=, data

—e— Opposite-sign pr_
1 Same-sign pr_

—— Signal+background fit
-------- Background fit

N(Z,)=108+14

|
58 5.9 6 6.1
MJAE) [GeV]



=", signal

—_i
(0))

* Background dominated by

- . . . - CMS o
random :bT[ combinations 141 pp, Vs =7 TeV e Opposite-sign data
e Obtain with toy model from - =53 fb —— Signal+background fit
- 12 | Background
data Shapes for p(_b)' p(T[) and Signal: Breit-Wigner conv. with
opening d ngle 10 (b) Gaussian(resolution from MC)

Background: combinatorial BG
nsig(12<Q<18): 21 events
nbg(12<Q<18): 3.0+1.4
Width: ' = 2.1£1.7 MeV

,7[ Mass: Q = 14.8+0.71£0.3 MeV
Significance: 6.90

-

* Consistent with wrong-sign
Q value distribution
* Significance determination from
In(<,, /<) =6.9
* Confirmed with toys varying
backgrounds within uncertainties
including LEE =5.70 | u 1
20 30 40 50

* Measured mass: MUAPE ) - MJAYE) - M(x) [MeV]
M(=",) =5945.0£ 0.7 £ 0.3 + 2.7 (PDG) MeV

= candidates per 2 MeV

8-
il




B’ decays

. B+Cground state of bound bc system

* Offers access to two different heavy quarks
* Large LHC datasets allows for hundred’s of reconstructed B". at CMS
* Observed in two decay channels:

CMS-PAS-BPH-11-003
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Search for D°— y'y

CMS-PAS-BPH-11-017

%1 000 CMS preliminary j
* D9 p*u highly suppressed in SM . erer
(~10°%3), but enhanced in many NP 2t Normalization sample
g - Wy ]

scenarios (0 600 Yield = 16458 + 204
. L (from single largest run block§
* Analysis strategy do0p + §

* Use D%tagged by combination with 0b e

- g— !
prompt 1t to make D L )]

Il ‘ J - J - J - L1 11 L1 11 L1 11 Ll
145 150 155 160 165 170 175
A M=M(Kuvr)-M(Kuv)  (MeV/c?)

Q40

D =D pt)mt

e Measure D DK ) 0 ¢ 4'3 ““““ oS prominary
to cancel many systematic unc. & | Fjgf,zﬁ E
* Limitation: must use low p;single p é ; - _
trigger (from 7 run periods with 2 b J
different thresholds in 2010/11 T . - e
data) 15 W

1 = -

* Estimation of background in signal 7 ;
region determined from sidebands l N | [ l W [ m

Ll R S N S [ I i B S o 1]
?. 175 18 185 19 1.95 2 2.05 21
Dimuon invariant mass (GeV/c?)
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D%— u'y results

* New Physics can enhance the branching ratio by several orders of
magnitude

: ' : v trig (Kpv -
B(DU — }1*‘11*) < B(DU - K*].l+1»') v N(pp) v a(Kuv) o 6tng( uv) » emL(K]ll)

N(Kuv) — a(up)  €wig(up) — €rec(pp)

* No sighal evidence
* Predicted background = 23 events
* Signal region yield = 23 events

*B(D° > putu) £5.4*107(90% CL)

 Although this upper limit is not the best limit for this FCNC decay, it is
the first time a semi-leptonic decay has been used as the
normalization

* Prospects for CMS: lots more data available, but requires new
analysis strategy with double u trigger



Search for B° ,— p'p

JHEP 04 (2012) 033

. BO(S)% LW suppressed in SM, but highly sensitive to NP, such as high tan
SUSY or extended Higgs sectors
* Select a pair of oppositely charged, displaced, isolated muons to PV
* Reject background from
* Combinatorial dimuons
* Peaking B decays with decay-in-flight muons
* Signal efficiency observed to be independent of N,
 Normalize signal candidate to B = J/K*
* Blind analysis, optimized cut and count selections for two regions
* Barrel [n| <1.4 (o(m,,) ~40 MeV)
*Endcap |n|>1.4 (o(m ) ~60 MeV)

SM-B(B,~> u*p’) = (3.2£0.1)*10°
SM-B(B°> ptu) = (1.1£0.1)*10-10




B’ ,,— W'y results

Observation consistent with background + SM signal

Variable B" - " Barrel | BY — pp” Barrel || BY - ptu” Endcap | BY — 1" Endcap
Signal (SM) 0.24 & 0.02 2.70 & 0.41 0.10 & 0.01 1.23 £+ 0.18
Combinatorial bg 0.40 £ 0.34 0.59 £ 0.50 0.76 £ 0.35 1.14 = 0.53
Peaking bg 0.33 £ 0.07 0.18 £+ 0.06 0.15 4+ 0.03 0.08 £ 0.02
Sum 0.97 4+ 0.35 3.47 £+ 0.65 1.01 4+ 0.35 2.45 4+ 0.56
Observed 2 2 0 4
upper limit (95%CL) | observed (median) expected
BB — ptu) 7.7 x 1077 8.4 x 107°
B(B" — utp) 1.8 x 1077 1.6 x 1077
50MS,5fb“ \s=7TeV SCMS,Sfb" \s=7TeV
> O[T T T > O[T T T T T 5 fbk V& =7 TeV
[0 [0 : — [ACA=LEL
S I Barrel o I Endcap | 7 04f ' — ]
§ a- —— B signal window| § 4 —— Bsignal window| O C ]
~ s B? signal window- ~ ot s BY signal window- LNy T Erpected Clesh-tedon ]
§ L ] E L ] 0.3 - Expected CLs 4+ 16 7]
3 3 5 3 3 5 - ]
-6 : -6 : | I:IExpecledCLs-lbiZG _
g I S | - ]
© L b © 0.2 tation bands
1: ) ] 1; 0.1_— o
I b I reees B ]
H_‘ Ll ] 1 o ol | T 1x10°
5 52 54 56 58 5 52 54 56 58 4 6 10 12
m,,, [GeV] m,, [GeV] B(B,—uu)
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Conclusions

* Al in agreement with the SM
expectation and some other
experimental results, first step

A7 : o

towards measurement of mixing - kS % from PV
phase ¢, at CMS o
* A\, production shows : Tt profen
R I AN ()
unexpected meson/baryon S e D ‘\n‘ﬁéw
. saeshl m from =/
differences - Fo N
* First observation of new
x \m uons
b baryon state, ="
. . M(ptn™) = 1116.7 MeV
* Search for B,->pp closing in MO = 13155 MoV
on SM sensitivity M(utp™) = 3117.1 MeV 7
M(J/YE") = 57878 MeV
* Many more measurements QUNETY) — 157 MeV

to come..

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
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Al in B_.— J/¢P ¢ world results




N\, production measurement

* A\, reconstructed in decays to
() AMpm)

* Measure yield and efficiency
in bins of p; and rapidity to
determine differential cross
section

* Particle- antiparticle
differences studied as well

Events / ( 0.02 GeV )

800F
700F
600
500
400f
300F
200F
100F

900f

"~ Yield = 1252 +42 Ns=7TeV -

L=1.9fb"

53 54 55 56 57 58 59
Mynpa (GEV)



=", background shape

* Background dominated by
random = it

* Background shape from wrong
sign pions

* Toy model from data shapes
for p(=,), p(rt) and angle

between =, and i, assumed to

be uncorrelated
* Fit toy results for shape

* Compares well with nominal

sign distribution

N N W
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