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The CMS detector

SILICON TRACKER JINST 3, S08004 (2008)

Pixels (100 x 150 pm?)
~1m? ~66M channels

Microstrips (80-180um)

Pixes ~200m? ~9.6M channels
T k CRYSTAL ELECTROMAGNETIC
racker CALORIMETER (ECAL)
EC AL ~76K scintillating PbWO, crystals
HCAL
Solenoid
PRESHOWER
Steel Yoke Silicon strips
MU ons ~16m2 ~137k channels
STEEL RETURN YOKE
~13000 tonnes
SUPERCONDUCTING
SOLENOID
Niobium-titanium coil
carrying ~18000 A FORWARD
CALORIMETER
Steel + quartz fibres
HAD CALORIMETER ~2K channels
Total weight : 14000 tonnes Brasslfggstic scintillator (HCAL) . MUON CHAMBERS
Overall diameter :15.0m ~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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Tracker andMuonperformance

All silicon tracker o QOB P e
High tracking efficiency: ~100% for %h 0.05 o %
centralmuons

0.04 — o resolution from MC truth —

Great momentum and vertex resolution

Efficientmuorsystem for reconstruction””*
and triggering .

—e—— resolution fitted on MC

See dedicated talks yesterday: ButzTracker performance, [° T . ..
R.CastelloTracker alignment, GuglieséMuonperformance | gboroe o o
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assume p(p)>p(n)

Discovery of b baryon

Mass constrained

vertex fits \
SVA ...
100 from e
SV= peam 20 MeV Ks mass veto
20 MeV Q- mass veto
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=, trajectory

P
Match p to triggered muons

M) m(Iy)epa] = 150 MeV

Keith Ulmer -- University of Colorado -- CMS
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= —=J/WP(u uHE (A7) with A — pr

Selection cuts determined with
optimization algorithm on data

Randomly vary selection and kee
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" reconstruction

Search strategy to maX|m|zeff

yield

better combination

Select on track % vertex
displacement significance, pomtl
angles, vertex confidences, and !

track and resonange;
30 variables in tota

Last step to add prompt !

consistent with ,, direction, with

P+>250 MeV

Keith Ulmer -- University of Colorado --
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, signal

Background dominated by

Phys. Rev. Lett. 108, 252002 (2012)

random ! * combinations _ 16
: : - CMS
Obtain with toy model fror 2 145 pp. NS=7Tey  ©® Oppositesign data
data Shapes for p( b)’ p(l) CE : L=,5.3 o T —— Signal+background fit
and Openlng angle ] 8 12 I Background
Consistent with wrong-sig § ¢ P —
value distribution 3 10:_ by nBI(gg (12<Q<18): 3.0+ 1.4
Significance determinatior 2 gf Mase: G 148507403 Mev
from In(£S+b/ Lb) = 6.9%& OO E Significance: 6.9%&
Confirmed with toys varyin * ©
backgrounds within Al
uncertainties including LEI E
5.7%& 2 | *‘
Measured mass = N e Tl

0 10 20 30 40 50

n * —
m(",) =5945.0+£ 0.7+ 0.3+ 2.7 (PDG) MeV& MJ/WET) - M(J/WE) - M(1t) [MeV]
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y , production measurement

Y p, production measured in decays t¢ J/

Yields and efficiencies computed in bing0y ,) and
y(y ) to obtain differential cross section
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Yy , Cross section compared to mesc

——— CMS \s =7 TeV

New y ,, measurement
allows For comparison to
B, B and B, mesons

ShapevsB p; shows
Interesting feature

Baryon spectrum falls
faster than meson spectra

Effect in baryorvsmeson
hadronization

Historicallyhadronization
fractions assumed to be
constant, but LEP and

Tevatrormeasurements | | n L
disagree 10 50

Discrepancy in baryon/ b-hadron IO (GeV)
meson production could
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Q
N

B* (IyB:I <2.4)
= g° (ly°1<2.2)
o A, (ly *1<2.0) $

(do/dp_)/(do/dp_ (10-13 GeV))
o

HFAG 2012 <f(b-baryon)> < p,(B) >
be explamed by LEP 0.212 + 0.069 ~40 GeV

different p spectra
Tevatron 0.090 + 0.015 ~10 GeV
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y_b/ Y , asymmetry results

Also measure yields and efficiencies as ratios between particles anc
antiparticles

Use charge of higher momentyntrack to identify the (anti)proton
Results consistent with no asymmetry, within large uncertainties

Tests baryon transport models from ingmktate
o Fowlshre T SN PTSCRTAN
f, L=19fb™ 3 L=19fb"
© Iy’ < 2.0 & I p?” > 10 GeV
= 1.5- - ~
< — |<
i1 i1
1= +~- S
0.5 - 0.5 -
—— Data | —e— Data
-------------- PYTHIA ) we PYTHIA
- —— POWHEG ) - ——— POWHEG
| |"| P?V\/;HEIG uln(:elrtailntyi L L N o | .". P.OWiHE.G ulncelrtailntyi 0 |
% 20 30 49 50 % 0.5 1 1.5 N
p.” (GeV) y™
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+ -
B. meson studies

B is ground state of bouriot
system

Offers access to two different
heavy quarks

(2
122
o

150}

100

50

Branching ratio measurements help

understand interplay between b
and c decays

Lifetime measurement also tests
decay model

Large LHC dataset allows for
1000s of reconstructg@sat
CMS

Very good resolution ~20-25 MeV

Observed in two decay channels:
BaJ(!and B.aJ ( 3!
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Search for Da ptu

o DPaptu” highly suppressed in SM

(~10-13), but enhanced in many
NP scenarios

-+ Analysis strategy

Use DB tagged by combination
with prompt ! to make D

D*+—>D0(}l_}l+)7(+
Measure D*+SDO(K—utv)r+
cancel many systematic
uncertainties in the ratio
Limitation: must use lpwsinglep
trigger (from 7 run periods with
different thresholds in 2010/11
data)

Estimate of backgroundsmnal
regiondetermined from:

to
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D autu’ results

No significant signal observed CMS PAS BPH-11-017
Predicted background = 23 events
Signal region yield = 23 events

Determine 90% confidence ULOs with CLs to be
B(D° — u"u~) <54 x1077(90% CL).
Comparison to other experiments

Best published limit: Be < 1.4 x 1077 PRD, 81 091102
Best preliminary limitHCb <1.1! 10°® LHCb-CONF-2012-005
BaBar2 sided limit: [0.6-8.1]x107’ arXiv:1206.5419

Prospects for CMS: lots more data available, but
requires new analysis strategy with doublgigger
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Search for §a prp#

Bya utu” suppressed in SM, but highly sensitivel,,
to NP, such as high tarUSY or extended
Higgs sectors

Select pair of oppositely charged, displaced,
Isolatedmuongointing to PV

Reject background

from L, OMSSB!  \s=7Tev oo OMS,SE'  \e=7Tev
Combinatorial £ | | 12 ’

. o ® Data (sideband) @ i
dimuons S e [ wo 1 21 g
: S - BY" p (M 1 B I i
Peaking B decays with | « Ry e +
decay-in-flightmuons | 7 : .o, :

/ : 0.95[ e o
Signal efficiency 10 // 1 o9 H -
observed to be / //// , 1 e
iIndependent of N, 17 V. | : ;
Normalize signal / | o8

candidates to ) i A ]
B"aJ/( K yield 9 20 40 60 80 100 120 0 5 10 15 20 25 30
/! (1) Noy
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Candidates / 0.025 GeV

oa LU Hresults

.+ Observation consistent with background + SM signal in all 4 channe

Variable B — pp Barrel | By — up” Barrel || B” — pu"p” Endcap | B — p " Endcap
Signal (S|\/|) 0.24 4 0.02 2.70 £ 0.41 0.10 4 0.01 1.23 £ 0.18
Combinatorial bg 0.40 4= 0.34 0.59 4 0.50 0.76 4 0.35 1.14 £ 0.53
Peaking bg 0.33 4+ 0.07 0.18 4 0.06 0.15 £ 0.03 0.08 4= 0.02
Sum 0.97 £ 0.35 3.47 £+ 0.65 1.01 £ 0.35 2.45 + 0.56
Observed 2 2 0 4
— 5 ; — A. Buras
upper limit (95%CL) | observed | (median) expected | SM expectation |1012 1447
B(B? — utu™) 7.7 x 1077 8.4 x 1077 (3.240.2) x 1077 |mup 3.5'10
0 + ., — -9 -9 —10 Mixing correction
B(B" — pu"u) 1.8 x 10 1.6 x 10 (1.0 £0.1) x 10 12041737
-1 _ . : §m'£ §=7TeV
SVC‘M[ST,‘Slx‘bN N ‘?FS‘T‘7NTe‘VA - SC‘MNS‘,TSTb‘l‘ N ‘?EX,T‘?"I'GX)V ﬁ 04E JHEP 04 033 (2012) [ | ™
i () I 1 | - Observed CLs+b .
I Barrel o I Endcap @) i i
L E L 4 B L T ted CLs+b - Median T
4r —— B signal window| § 4 . B signal window] _ Expected CL i
i et BC signal window | ST s BY signal window 0'3__ - Expected CLs+b+ 1o -
3; B % 3; i ; B \j Expected CLs+b+ 26 i
i 5 | 02k 7
i S L tation bands
2r I ] 20 I : round only
1 1o . 1 - i .
i T i poce § 9
“_l‘ I Ll I | B i 0 I ——l x10
5 52 54 56 58 5 52 54 56 5.8 4 6 8 10 12
m,. [GeV] m,, [GeV] B(BSAMM)




Bya ptut 2011 LHC combination

-+ CMS|LHCband ATLAS combined B} — u u’
-+ CMS and_HChcombined foB® — u"u"  [cus pas BrR12.009

. UL(B) @95%CL)<4.2! 10°
1 95% upper limits:

Computed with cLg UL(B®° @95%CL)<8.1! 10

All uncertainties treated as uncorrelated, exceptfdg, which is taken to
be 100% correlated between the measurements

-+ WorldOs best limits
Increasing tension with CDF re®iA{B °— y ") =137 x10™

@ 1 S B B BN @ Ll S B R I I I B LRI LRI I
(&) - (&)

osk ATLAS+CMS+LHCDb B 0s CMS+LHCb E

: B\S*M_Mt Boe “ut
0.6~ ] 0.6 lulu ]
0.4:— 0_4__

0.2 0.2

S — T S r————

B(B] — u* u)x 10°
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Conclusion: Active flavor program at C

First observation

See also dedicated talks @uarkonia

of new E) baryon K. YiQuarkoniaproduction (yesterday)
state, Ebo V.KnunZ polarization (tomorrow)
Y , Production CMS,/
shows = . |
unexpected = = o
v -\ 1 from PV

meson/baryon Wi First new particle
differences S /795,\.:{ ;;t'on discovered by CMS!
Search for . \““A
B a py closing in o) S omyl
on SM sensitivity
Many more
measurements to M(peo) = 1167 MV AP

M (A%~
come from CMS o

M (J/4E")
Q(I/4E" )

1315.5 MeV o -
3117.1 MeV 7o >
5787.8 MeV

15.7 MeV

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
7/6/12
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Extra slides
-
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Tracking efficiency

T T | T T T T
CMS Preliminary,\/s = 7 TeV

+Data 125/nb i

Silicon tracker covers outto 8

| n|<2.4 and down to track oo

pT> 300 MeV \8;0‘95:_

Great track reconstruction %o‘go;

efficiency 2 ¢
Measured in data with good St
agreement with simulation 080

~100% for centralmuons

1.5 2

muon |

—
1T

Hadron efficiency 85-95% du
to tracks lost In interactions

Excellent displaced track
reconstruction out to 50 cm
displacement frorheamline

0951

Pion Acceptance

enough hits to be reconstructed
o
|

0851

o
(o]
TT T [ Tr]

o
~
(&)}

™ Simulatiorf

© Data

8
¢
¢

CMS Preliminary

:
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Tracking performance

.+ Track impact parameter resolution 25-20
Improves with high@r and smallef&
.+ Track momentum resolution 0.6-3.0%
Improves with smallé&
.+ Provides good mass and lifetime resolution
For B a J/( Kf decays mass resolution ~B{eV and corecl resolution ~3Qum

CMS preliminary 2010 Ns=7TeV 0.06 ., CMS Preliminary (7 TeV, ~ 40 nb)
Ezso_llllllllllIIIIIIIIIIIIIIIIIIIIIIlllllllllllllllll_' Q-}— . l‘l||[|||]||I|||T|||I||l|||1||Y|||II[II|II|||
27 e paa o Simulation p_In(1.0+0.1) GeV/c - = -

S ; ® Data o Simulation p_In (3.0 £0.2) GeV/c | Q_’_ 0.05 -
8 A Data 4 Simulation p_In (8.0 1.0) GeV/c B TF resolution fitted on data
3 2000 & -
m B T —
é’ : .O o. ] 0.04 — o resolution from MC truth -
) - e eo ]
qé 150 a .o 2 B —e— resolution fitted on MC
= - L 8 - 0.03-
e . . . i
©
= 100 95506 i
g . 0.02F
£ n . - e
> N 7 B
2 50p7 A 0.01]-
c a AAN B
[ L T W WO S e
_I L1l 1111 L1111 L1111l L1 11 L1111 L1l III I I ] 0 _l.l | | 1 I ! l

| | | | | | pirbiraaliaag ol b b b o b b v i by R R
-%.5 -2 -15 1 05 0 05 1 15 2 25 2 15 -1 05 0 0.5 1 1.5 2
Trackn muon Tvl
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Muongeconstructed
out to |n|<2.4 and
down top:> 3 GeV

Muonidentification
efficiency plateaus to ,,t
nearly 100% with

turn on at lowp-

Trigger efficiency
plateaus ~85%

L owmuommisiD rates
measured in data

"0.1% for ! and K
"0.05% for protons

Keith Ulmer --

Muonreconstruction efﬂmency

[ T T [rrr[rrrJ[7° T T 8\ [ T ™ | L [ |
1.0+ 4 £1.0 -
L) L —— 3 Q - !
:g - O r :
: [ &= i o c
0.8 N 1 Bost 4 :
§ I o £ I +
E06- = 1'_*' 0.6 -
g i -4 [
304F 4 o04f :
i <12 i I i <1.2
—+—Data, 84 nb” h 0 2' —e—Data, 84 nb™ N
-5~ Simulation . L A= -8~ Simulation
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Heavy flavor triggers

> .
trigger paths
= 10“jE 2011 Run,L=1.11b" | 4, -g!g' P
= 7 CMS \s=7TeV mJ
8 10° 3 By" W
o 7 i
‘q:'; 10* < Il low p_ double muon
> 3
[ .

high p double muon

z

10!

[ [ [
1 10 10?
dimuon mass [GeV]

Use dedicatedlimuortrigger paths for heavy flavor studies

Exploit good momentum, impact parameter, mass and vertex resolu
at trigger level to select mterestlng topologies

Bandwidth restrictions are the main limitation for most measurement
716/12 Keith Ulmer -- University of Colorado -- CMS 21



Global Muon Mis-identification Prob.

More tracking performance plots

CMS preliminary 2010
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, event selection algorithm
N

e -, selection algorithm:

e At every iteration:
e Choose randomly 2 variables.
e Randomly: tighten one, loosen the other.
e Look at =~ mass distribution:

. Signal region: 5.75 <M < 5.83 GeV

. Side-bands: 5,69 <M <5.75 or 5.83 <M < 5.89 GeV
e Calculate: B = 2Nside-bands/3 ; S = Nsignal - B
® Acceptiteration if S does not decrease and:
e  S/sqri(S+B) increases (then save the iteration) or

e S/sqri(S+B) decreases by at most r*10% (r = uniform random number). In this case
proceed but do not save the iteration.
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, event selection

A sampling of some cut values determined from the
algorithm

After trigger and y reconstruction
pr(p) > 1.0GeV, pr(mz) > 0.18GeV, pr(E~) > 1.3GeV,

rr(E,) > 9.8 or 10.6 GeV depending on whether nE, ) < 1.2 or not

n(J/¢)| < 2.15, Dip/opip(p) > 1.0, Dip/0pip(7ta) > 0.66,

Ley/0toy(27) > 2.8, CL(A?) > 2.5%, CL(Z_) > 0.72%,

Dsq/0psa(E- = J/¥) < 3.1 Dsg/opaa(E, —PV) < 3.5

716/12 Keith Ulmer -- University of Colorado -- CMS 24



_ background shape

Background dominatec

by random 1 * > " cus o
Background shape fror 225/ ™7™ N
wrong sigrpions 2 L

Toy model fromdata & [ @

shapes for p( ), p() % 15/

and angle between , 8

. W

=0
“b

and !, assumed to be

o | L

Compares well with 0(; e

nominal wrong sign . -

. : : M(J/yE ") - M(J/yE ) - M(t) [MeV

distribution WYET) - MITE ) - M) NSV
(Q value)
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y , CroSs section measurement

e R I I ‘
s ggg 125242 o (GeV) events (%)
£ s00- 1 10-13 293+22 0.29+0.03
& 400 1 13—-15 240418 0.79+0.08
o 1 15—-18 265419 1.5440.16
I i CE 1 18—22 207+16 2344023
T ‘s.‘s‘ so - 22-—28 145x14 321+034
) (@) 9850  87+11  3.96+0.50
e/ reconstructed In decays td N/ g c
L) Y (p2) events (%)

- Measure yield and efficiency in bi>)—0>* >¥=5 07209
of prand rapidity to determine oy o9 206116 0814009
differential cross section 09-12 196+17 0.70+0.08

~ Particle-antiparticle differences 12—’ /P=1T A7 00
studied, too i M
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Yy , Cross section compared to mesc

Similar feature o
observed by os @ 2ancs T 3<n<s
LHChn .;: o T+ -
measurement « - r | :
[( f +f VS **I" LHcb T i
mgr%entﬂ?fn et | PRDS5,032008(2012) 7

p, (charm + u) (GeV) p, (charm + 1) (GeV)

Historicallyhadronizatiorfractions assumed to be constant

However, measurements between LEAavairomot consistent

HFAG 2012Tevatronp(b) ~10 GeV): f(b-baryon = 0.212 +
0.069

HFAG 20121 EPd(b) ~40 GeV): f(b-baryon = 0.090 + 0.015

Discrepancy in baryon/meson production measurements betwe
Tevatrorand LEP could be explained by differgntspectra
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D°—K-u*v and D°—uu* analyses

very tight cuts on muons (excellent p; resolution and efficiency,
large pseudorapidity coverage)

tight cuts on kaon

soft cuts on pion

CL of primary vertex > 1%

CL of secondary vertex > 1%

for DO—pp analysis: D° pointing back to the primary

L/S cut, that is the 3D-detachment between the primary and
secondary vertices divided by its error (L/S > 3)

DO candidate is combined with one track originating from the
primary vertex to form D**



All B,a i H selection cuts

Variable Barrel | Endcap | units | comparison to old analysis
Piyi > 4.5 4.5 GeV same

Plus > 4.0 4.2 GeV tighter in endcap
pLp > 6.5 8.5 GeV tighter in endcap
U3 < 1.5 1.5 cm tighter

a < 0.050 | 0.030 | rad looser

x%/dof < 2.2 1.8 looser

l3q/0(l3q) > 13.0 15.0 looser

I > 0.80 0.80 redefined

42, > 0.015 | 0.015 | cm redefined

d3p < 0.008 0.008 | cm new

d3p/o(d3p) < | 2.000 | 2.000 new

Nirk < 2 2 tracks | new
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Pileup Independence

.+ Check influence of pileup on selection c

i
\\\\\\\ \ v
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7

with B* — J/w(u u"HK* events in data

1 Confirm with MC studies

-+ No significant dependence In efficiensy =

pileup out to ~30 PVOs
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Background estimation

Non-peaking background measured.3- L R e e o)

in data j 0T l :
Count events in B mass sidebands | +i H' MJT I lhl | l+ 1
4.80-5.20 GeV and 5.45-6.00GeV T+ IR ] mli+l i
Interpolate to signal region with 0.2 ] + | +I| 15

assumption of flat shape

Peaking background obtained from
MC with inputs from data 0.1

Ba hhbackgrounds with twmuongrom

e Toy Data (sideband\
o Toy Data (blinded) -
[]B2—un 7
[:] B%—pupu '

misidentified charged hadrons peak in B rare peaking BG |
Mass i W rare sl BG
MeasuremuommisiD rates in data from 0-—¢ 4 i S R R
identified K and ! from ¥) and p from > 52 54 56 S8 6
y samples m,, [GeV]

Use MC withouhuorselection cuts to simulate backgrounds and apply fake
rate measurements from data

Affects B more thaB, because backgrounds peak low
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B.a U comparison withHCI
]

B(Bs—up) <4.510° at 95% CL

1

Bauu& 7.7 22 4.5 31 51 3 0s
Pau& 1.8 1.0 4.6 o8

0.7
0.6
0.5

Bsa pp expected 8.8 7.2 ‘;:

Bsa yu observed: 7.7 4.5 0.2

B’ a yu expected 1.6 1.1 0}: T

B’ a up observed 1.8 1.0 B(B; — u* 1) [10°
.+ LHCbadvantages

Better mass resolution: ~25 Me3~35-70 MeV
Higher trigger efficiency
More sophisticated analysis: BDT selection, combine different S/8coinsnd count
In 2 bins
.+ CMS advantages
Higher luminosity: Factor of ~5 in 2011, currently factor of >10 in 2012
(More room for improvement in analysis technigque)
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More B,a Ut Hinterpretation
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