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The CMS detector
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Tracker and Muon performance

o1 All silicon tracker o
High tracking efficiency: ~100% for %'-

central muons
Great momentum and vertex resolution

11 Efficient muon system for reconstruction
and triggering

CMS Preliminary (7 TeV, ~ 40 nb™)
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Discovery of =, baryon

Mass constrained assume p(p)>p(m)

vertex fits
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Match p to triggered muons
IM(u*p)-m(Jhy)ppg| = 150 MeV

7/6/12 Keith Ulmer -- University of Colorado -- CMS 4



7/6/12

consistent with =

— ,, reconstruction

Search strategy to maximize
yield

= —=J/W(uu)E (Ar™) with A— pr~
Selection cuts determined with
optimization algorithm on data

Randomly vary selection and keep

better combination
Select on track d,/0, vertex

displacement significance, pointing
angles, vertex confidences, and

track and resonance p;
30 variables in total

Last step to add prompt

Pr=>250 MeV

direction, with

candidates per 20 MeV
N
o

H-
=p
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=, signal

Background dominated by

. . Phys. Rev. Lett. 108, 252002 (2012
random = b1.r+ combinations 16 y ( )

> -
. - CMS
Ob’ronn with 1'0)’ mogel from % 14 - - s =7 TeV ¢ Opposite-sign data
dd;lq shq[?es fOI’ FI)( - b)l p('IT) CE : L=53fb" | —— Signal+background fit
an Openmg qng € 8 12— R . Background
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N\ | production measurement

N\, production measured in decays to J /i N\

Yields and efficiencies computed in bins of p,(/\ ) and
y(/\ ) to obtain differential cross section
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/\ | cross section compared to mesons

New /A, measurement - CMS o7 TeV

allows for comparison to
B*, B® and B, mesons

Shape vs B p; shows 1_ o _
interesting feature - e ]
Baryon spectrum falls =T 4 )
faster than meson spectra = T -
Effect in baryon vs meson - —t i
hadronization - :

> L ¢ ' .

Historically, hadronization
fractions assumed to be

—
Q
N

B* (IyB:I <2.4)
= g° (ly°1<2.2)

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

constant, but LEP and o A, (ly™1<2.0) ;
Tevatron measurements | | | |
disagree 10 20 30 40 _ 50
Discrepancy in baryon/ b-hadron P; (GeV)
meson pr?duc’rlon could HFAG 2012 <f(b-baryon)> < p,(B) >
be explained by

. LEP 0212 £0.069 | ~40 Gev
different p; spectra

Tevatron 0.090 + 0.015 ~10 GeV
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N\ ./ N\ _ asymmetry results

Also measure yields and efficiencies as ratios between particles and
antiparticles

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

Tests baryon transport models from initial pp state
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B. meson studies
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Search for D°—utu-

0 D9—utu highly suppressed in SM

(~10°'3), but enhanced in many
NP scenarios

o1 Analysis strategy

Use D° tagged by combination
with prompt 1 to make D

D**—=D%u—ut)mt
Measure D**—DOY(K—utv)mt to
cancel many systematic
uncertainties in the ratio

Limitation: must use low p; single w
trigger (from 7 run periods with
different thresholds in 2010/11
data)

o1 Estimate of background in signal
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DO—utu- results
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No significant signal observed CMS PAS BPH-11-017
Predicted background = 23 events
Signal region yield = 23 events

Determine 90% confidence ULl’s with CLs to be
B(D° — u"u~) <54 x1077(90% CL).

Comparison to other experiments

Best published limit: Belle < 1.4 x 1077 PRD, 81 091102
Best preliminary limit: LHCb <1.1x107° LHCb-CONF-2012-005
BaBar 2 sided limit: [0.6-8.1]x107 arXiv:1206.5419

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

Keith Ulmer -- University of Colorado -- CMS 12



Search for B,—=uru”
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Bo—utw” suppressed in SM, but highly sensitive
to NP, such as high tan § SUSY or extended
Higgs sectors

Select pair of oppositely charged, displaced,
isolated muons pointing to PV

Reject background

from CMS, 5 fb Ns=7TeV .5 CMS, 5 fo \s=7TeV
U) 7\ T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T \7 . (rrrryrrrrprr T T T T T T T T T T ]

Combinatorial g b | 12 1

. o ® Data (sideband) 1 @ i i
dimuons T 02k —> , 4 e 1 .

@ ® /B —wwme) 1 % B )

Peaking B decays with® | « : i 1

d -in-fligh e | 095 °o |of
ecay-in-rlight muons . 7 . : °e®, ]

/ n ‘,

Signal efficiency 10 ///// E 0.0 .
observed to be : / : : ; :
independent of N, 1% / o8
Normalize signal / 08 | ()>15

- o
candidates to ) g 0753D/
B*—J /K™ yield "0 20 40 60 80 100 120 O 5 10 15 20 25 30
lp/o(l, ) Noy
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B.—uu results

Candidates / 0.025 GeV

1 Observation consistent with background + SM signal in all 4 channels
Variable B — pp Barrel | By — up” Barrel || B” — pu"p” Endcap | B — p " Endcap
Signal (SM) 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 4 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 B
. o : . 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 1079 |mup 3.5%10°
0 + ., - -9 -9 —10 Mixing correction
B(B" — puu) 1.8 x 10 1.6 x 10 (1.0 £ 0.1) x 10 12041737
CMS, 87 Ne=7Tev 5CMS, 5 b Vs=7TeV g [ JHEP 04 033 (2012) 1"
r - " T Observed CLs+b .
Barrel S I Endcap @) i i
[ — BO Signal WindOW; S 4; BO Signa| WindOW: : ----- Expected CLs+h - Median :
N signal window; % R B8 signal window; 0'3__ -ExpecdeLsmrky ]
B ] % i B \j Expected CLs+b= 20 ]
° 9 I ] . ]
2 | 0.2 _
S 1 L tation bands
N I ] 2 I : round only )_
: - : i : : - ]
i T i poce § dom@
“_l‘ \ ! ! | \ 0 I ' : x10

5.2

5.4

56

5.8
m,, [GeV]
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5.8
m,, [GeV]

10 12
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B.—u ™ 2011 LHC combination

]
7 CMS, LHCb and ATLAS combined for B! — u u’

71 CMS and LHCb combined for B” — u u* CMS PAS BPH-12-009
UL(B) @95%CL)<4.2x107
0 95% upper limits:

Computed with Cls UL(BO @95%CL)<8.1x 1071°

All uncertainties treated as uncorrelated, except for f_/f, which is taken to
be 100% correlated between the measurements

- World’s best limits
Increqsmg tension with CDF result: BF(B"— M“,u )=13" x10~

o 1 . PO T T e
o 0.85_ ATLAS+CMS+LHCD o n: CMS+LHCD
0.6/ 0.6 Boe‘u_‘uJ’
0.4f 04
0.2 0.2
0- ............................. DO

0 ||||||||||||||||

7
B(B: — utuw)x 107° B(B® — u* ) x 107
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Conclusion: Active flavor program at CMS

First observation
of new b baryon

See also dedicated talks on quarkonia:
K. Yi Quarkonia production (yesterday)

H* . .
state, ‘:‘bo V. Knunz Y polarization (tomorrow)
A , production CMS/
shows Ny
unexpected Frr | | x‘ 9
A “\ m from PV
meson/baryon ) e First new particle
differences e discovered by CMS!
/ﬁa/ \‘“\‘:-n&:%\proton
Search for ey 5
. . o | [ e e AO
B.—uu closing in % o= T fromA
on SM sensitivity
‘_\I:I'IUOI‘IS
Many more P
measurements to M@ps™) = 116.7 MeV Ny %
M(A°7~) = 1315.5 MeV \__\
come from CMS M(ptp~) = 3117.1 MeV F N p’ |
M(J/4=E") = 5787.8 MeV \

Q(J/YE~=T) 15.7 MeV

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
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Keith Ulmer -- University of Colorado -- CMS
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Extra slides
I
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Tracking efficiency

ole = I L L R L
Silicon tracker covers out to 5 OMS Preiminary s = 7 Tov
5
|n|<2.4 and down to track = 1.00p
(&)
P > 300 MeV cc>,‘o.95:— 7
Q
Great track reconstruction £ .50 ]
efficiency g
5 0.85- -
Measured in data with good = s o 1255 |
[ ] [ ] [ ] 0.80 o L o L - I_
agreement with simulation I T e UL |
~100% for central muons i — , muonil
o o (o) § § E Simulation E
Hadron efficiency 85-95% due BRomt s, o Data
to tracks lost in interactions <8 .F " E
S = F .
Excellent displaced track a8 f .
reconstruction out fo 50 cm £ F f:
. . = 08 . B
displacement from beamline > f CMS Preiminary
o [l TR Ll
5" 1 10 102

[l Pion P; (GeV/c)
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Tracking performance

o Track impact parameter resolution 25-200 um

=1 Track momentum resolution 0.6-3.0%

Improves with higher p; and smaller 1

Improves with smaller n

1 Provides good mass and lifetime resolution
For B*—J /{YK* decays mass resolution ~30 MeV and core ¢t resolution ~30 um

CMS preliminary 2010 \s =7 TeV
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Muon reconstruction efficiency

7/6/12

Muons reconstructed
out to |n|<2.4 and
down to p; > 3 GeV

Muon identification
efficiency plateaus to

nearly 100% with

turn on at low p;

Trigger efficiency

plateaus ~85%

Low muon mis-ID rates
measured in data

~0.1% for m and K
~0.05% for protons
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Heavy flavor triggers

> .
trigger paths
= 10° jz 2011 Run, L=1.110" | -93- P
2 1 CMS \s=7TeV J/y
‘q;)- 105 _E’ B — M+M-
) . Yy
‘q:'; 10* o I low p_double muon
2 3 high P, double muon
.
10 7
107
10
1
10

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

Use dedicated dimuon trigger paths for heavy flavor studies

Exploit good momentum, impact parameter, mass and vertex resolution
at trigger level to select interesting topologies

Bandwidth restrictions are the main limitation for most measurements
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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

1 A sampling of some cut values determined from the
algorithm

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

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

in(J/¢)| < 215, Dip/0pip(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/opsa(E, —PV) <35

7/6/12 Keith Ulmer -- University of Colorado -- CMS 24



—_— K

=, background shape

Background dominated

— 30
by random = 1" > | cms
s - PP, \s =7 TeV ® Same-sign data
BCICkgI’OUnd Shape from % 25:—L=5.3fb'1 ------------- Background
wrong sign pions 820‘
» 20
Toy model from data g r ©
— 2 -
shapes for p(Z,), p(m) B 45F
and angle between = & |

. W

=0
=b

and 1T, assumed to be

—
o
r|<|—,—|—|—1-|| | T
[ + !
'_'._6—'
|—§—-i—-| g
-
—
& |
+ i

uncorrelated | | 1[4‘ Ille '+ H‘F‘

Fit toy results for shape --——---: 3 i " J{ M{ ;

Compares well with of | | |

nominal wrong sign 0 100 200 300 b
« L. . 9319 M(J/yETY) - MJ/YE) - M(rt) [MeV]

distribution Q value)
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/\ | cross section measurement

Events / (0.02 GeV)

800
700
600

500}
400}
300F
200}
100}
of

900

- Yield =
1252 3 42

\s=7TeV
L=1.9fb"

Ay
Pt

\\\I\\\\‘\\\\‘\\\\‘\\\\‘\\\\ - \\\\:
53 54 55 56 57 58 59
m,,, (GeV)

1 N\ reconstructed in decays to J /)

1 Measure yield and efficiency in bins

(wru™) A (pr)

of p; and rapidity to determine
differential cross section

0 Particle-antiparticle differences

7/6/12

studied, too

Rsig €
(GeV) events (%)
10—-13 293+22 0.29+0.03
13—15 240+18 0.79+0.08
15—-18 265+19 1.54+40.16
18—-22 207+16 2.34+0.23
22 —-28 145+14 3.21+0.34
28 — 50 87 +11  3.96 +£0.50
|.‘/Ab| Msig €
events (%)
00—-03 233+17 0.744+0.09
03—-0.6 256+18 0.77 =0.09
0.6 -09 206+16 0.81+0.09
09—-12 19+17 0.70+0.08
1.2—-15 189+17 0.67 £0.09
1.5—-20 162+18 0.65+0.09

Keith Ulmer -- University of Colorado -- CMS
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/\ | cross section compared to mesons

Similar feature E———......,
observed by s @ o T 3<n<5
LHCDb in 2 T T
measurement of I~ [ T
f A /(1c +f,) vs "I Lhcp 1

b U d 0.1} Vs=7TeV —
momehntum _P_R[.) ?5’.0.32.00.8 (.2912.). .

1 1
0 5 10 0 5 10
p, (charm + u) (GeV) p, (charm + 1) (GeV)

Historically, hadronization fractions assumed to be constant

However, measurements between LEP and Tevatron not consistent

HFAG 2012: Tevatron (p;(b) ~10 GeV): f(b-baryon) = 0.212 *
0.069

HFAG 2012: LEP (p;(b) ~40 GeV): f(b-baryon) = 0.090 £ 0.015

Discrepancy in baryon/meson production measurements between
Tevatron and LEP could be explained by different p; spectra
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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(S)—>M+u_ 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
laq < 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
4, > 0.015 | 0.015 | cm redefined
d3p < 0.008 0.008 | cm new
531)/0‘(531}) < | 2.000 2.000 new
Nirk < 2 2 tracks | new
Keith Ulmer -- University of Colorado -- CMS
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Background estimation

Non-peaking background measured 0.3

in data

Count events in B mass sidebands
4.80-5.20 GeV and 5.45-6.00 GeV

Interpolate to signal region with
assumption of flat shape

Peaking background obtained from
MC with inputs from data

B—hh backgrounds with two muons from
misidentified charged hadrons peak in B

mdass

Measure muon mis-ID rates in data from oh—¢
identified K and 1 from D) and p from
A\ samples

5

‘ T (shown for shapes only)

‘ Arbitrary normalization

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

wd | | | | | | | |

5.2

54 56 58 6
m,, [GeV]

Use MC without muon selection cuts to simulate backgrounds and apply fake

rate measurements from data

Affects B’ more than BS0 because backgrounds peak low

6/8/12

Keith Ulmer -- University of Colorado -- CMS
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B.—u w™ comparison with LHCb
—

B(Bs—up) <4.510° at 95% CL

1

B,—uu 7.7 22 4.5 31 51 g 0.9
oo 18 - 10 46 - o2
0.6
0.5
Bs—uu expected 8.8 7.2 ::':
Bs—uu observed 7.7 4.5 ‘;-"1’
BO—uu expected 1.6 1.1 0 Er e e T L T e, e
BO—uu observed 1.8 1.0 B(B, ~u*w) [10

7 LHCb advantages
Better mass resolution: ~25 MeV vs ~35-70 MeV
Higher trigger efficiency

More sophisticated analysis: BDT selection, combine different S/B bins vs cut and count
in 2 bins

1 CMS advantages

Higher luminosity: Factor of ~5 in 2011, currently factor of >10 in 2012
(More room for improvement in analysis technique)

7/6/12 Keith Ulmer -- University of Colorado -- CMS 32



More BS)—>M+M_ interpretation

3

Ax2

7/6/12

e \? difference
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MasterCode collaboration arXiv:1112.3564
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