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* Large

27 km circular tunnel

v

v

1,600 superconducting magnets

v

huge cryogenic facility

e Hadron Collider

v

accelerates and collides beams of
hadrons (composed of quarks):

protons (/-8 TeV) and atomic
nuclei (PbPb, 2.76 TeV per nucleon) |

* energy frontier

» x4(7) larger wrt Tevatron

» x14(28) larger wrt RHIC
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proton-proton

from Chicago to Geneva
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the LHC detectors
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the standard model

Letons
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¥Great achievement of 20t century science
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going beyond the SM

= The official list of big questions:

What is the origin of mass for fundamental particles

Are there undiscovered principles of nature: new symmetries
new physical laws?

How can we solve the mystery of dark energy?

Are there extra dimensions of space?

Do all the forces become one?

Why are there so many kinds of particles?

What is dark matter? How can we make it in the laboratory?
What are neutrinos telling us?

How did the universe come to be?

What happened to the antimatter? }

R ———

What we know: just the
tip of the iceberg

“This is probably not the right list of big questions”
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plan of action

calibrate the detectors, understand the data

» hardware and physics commissioning of the experiment

measure ‘known’ processes

» explore extended LHC-accessible phase space

search for new effects

» find deviations from expectations

» directly look for new phenomena, guidance from exp. signals/signatures
explore properties of the dense medium in heavy-ion collisions

» use pp as reference



Total weight 12500 t
Overall diameter 15 m 76k scintillating ‘ M S
Overall length 21.6m EPA bWO, crystals

HCAL Scintilator/brass

interleaved Muon
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trigger: real-time event selection

10° Evis
|
. 99.99%Lvi | 0. @ %
events l =1 —s) rontend
are e
discarded | —
On||ne Control
I : Filter
. . | = —— Systems
irreversibly | 99.9 % HLT P
events saved V for detailed offline analysis!
° o | o
trigger:

-~ the first determining stage of any physics analysis
= the single most important item in hadron colliders
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pp collisions
(@ /s=7-8 TeV)



a dimuon candidate: X—=p*tp-

event display
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re-discovering the benchmarks
of the standard model

Events/GeV
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re-discovering the benchmarks
of the standard model
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re-discovering the benchmarks of
the standard model: going beyond

E 108 trigger paths
Jhy By
v°; : B Jv
g 10 . B, - u*w
N Bs - Y
S 10 I low p_double muon
l% ® 0 l high P double muon
10°
Z
, 7 2011 Run,L=1.1fb"
10°F cMs \Vs=7Tev
10
1
101
Il |
I I I
[x30] 1 10 10?

dimuon mass [GeV]



Upsilons: then... & now
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quarkonium production

HHEE B

heavy quarkonia is a suitable laboratory for understanding the strong force / QCD

» short-distance/perturbative vs long-distance, aka factorization

» non-perturbative evolution of QQ into quarkonium: non-perturbative, effective theories (NRQCD, CSM, CEM...)

production not satisfactorily understood -- theoretically and experimentally puzzling

» no model is currently capable of describing both cross section and polarization
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g
q
— " B T
Y bb  ~2% 54 keV 1.21x10-20s
JW | cc ~7% 93 keV 7.2x102' s

 standard model standard candles

* detector/trigger calibration tools

* and important steps to wisdom
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quarkonium decay
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production cross section

7 o o Nrie(QQ) ¢
dppdy QOBROQQ ~ wi) = T |

 N: fitted signal yield
* A:detector acceptance from simulation

» dependent on unknown production
polarization

e £: track, muon reconstruction and trigger

efficiencies, from data-driven (T&P) methods

 L:integrated sample luminosity

» Acceptance and efficiency corrections applied
event-per-event or as bin averages |/< A, ¢>
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tag & probe

explore J/P,Y,Z— pp e data driven method

* example:
M-identification efficiency

* data:

» single muon dataset
¢ tag

» good global muon

» matched to single muon
path to remove trigger bias

* probe

n et
probe

» inner track

» passing criteria:

/‘ identified as muon
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tag & probe

explore J/P, Y, Z— P
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Efficiency
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production cross section
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Y(nS) differential cross sections
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Y(nS) spin alignment
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J/W cross section

inclusive J/y — u*u, corrected for acceptance
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* similar analysis strategy as
employed for the Y(nS) is
applied for the J/P and Y’

dominant systematics from
efficiency measurement,
dimuon correlations

and polarization

prompt J/y— p* -, corrected for acceptance
T T

T T I T _ T T T T Q F I _ I:
E L CMS ys=7TeV L =37 pb" j © o CMS Vs=7TeV L=37pb" I
E S —&— 0.0 <y| <0.9 (x625) 5 > i ——00<lyl<1.2(x25) |
E o on —H—09<lyl <1.2(x125) 3 ) B .—-}-‘ B 12<lyl<1.6(x5)
E o & o —o—12<ly|<1.6(x25) ] Q) 1 R ——16<lyl<24(x1) _|
o —f— 1.6 < |y| < 2.1 (x5) - E 3
E '0'% S N ——21<lyl<24(x1) 3 o) e '—Q—:_m Fontt
E ™ W prompt NLO NRQCD 3 £ C — N
I %¢¢ | i S 0 N
El 4?_4}' PN NANIANNY E -O,_ p "@",_@_, =0
E—r gy NS " = %1 0'E =0 3
- SR 1 & il E
=) 2 =
3 . — 305 ”ﬁ% R
:F J/LI) I ; (t, 1 0-2 E Ll)’ 5 —E
g ] 0 - S
L prompt oy ] - non-prompt
E Luminosity and polarization _ inosi
F uncortaintlos not shown 10° ;t‘,{g}':}gﬂ{‘{, not shown 5 E
C | 1 L L 1 E | ) ) L . =
6 78910 20 30 4050 6 7 8 910 20 30
p, (GeVic) p, (GeV/c)
12/9/2012 28

Signals from the LHC

non-prompt y(2S)— pu* w, corrected for acceptance




particle

* if an unstable particle lives for a
relatively long time before decayin
it may leave a distinct signature in
the detector: a displaced vertex

lifetime

g, K K

Secondary verte

* its proper decay time € can then be
measured from the flight distance and Primary vertex
momentum (projected onto transverse plane)
= L/cBy = L m/

* notable example: b-hadrons
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non-promp

* inspecting the displacement of
the |J/\p decay vertex, we can
separate the prompt and non-
prompt components

* the J/Y itself decays promptly(!),
its displacement arises from:

=pp— b)Y —=pu

* by measuring the J/ displacement
we inferred the contribution from
another, heavier particle ...

Fraction of J/y from b hadrons

tJ/y
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displaced Upsilon? Zee? ...

a long-lived signal component would be smoking gun for new physics

* but would these not have been detected already elsewhere!

» relevant exotic scenarios may become accessible only at LHC energies

CMS preliminary 2010 \s=7TeV
> : I T 1 R . T \ '8 T 1 1 :
— . . a) I. 1 ?
© 10000 H CMS Preliminary, \Js =7 TeV Q) ! . [ dt=35pb’ .
> - " - 3L =
§ B Line =40 pb ! (1 10 : ﬁ - data :
g Eﬂﬂ{l_— “" IT]“I <1 ng i @ Z-opy
— - 2 - 2 B EWK
P - c =67 MeVic g’ 10°F ' . 3
E - () Eaa =
S 8000 — & :
tw B o x ++ +
B - ) 10 a1 d 4 E
4000 “ 2 1Ll ;
- = 1 1
L = 1
- :
nl_ 1 1 1 1 | 1 11 1 | 1 1 11 | 1 1 11 | 11 1 1 | 11 1 | | 11 1 1 | 1 1 1 1 | 10-1
8 8.5 9 9.5 10 10.5 1" 1.5 12
p*p- mass (GeVic?) 50 100 150 200

M(u'w) [GeV]
» can apply standard lifetime technique, for Y and Z as just done for /P

» alternative: generic displaced-vertex search, performed with lifetime threshold
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search for new resonances

look for new, exotic bumps in the dilepton mass spectrum
1. prompt
» eg: light scalars (SM&BSM Higgs), new gauge bosons Z’, RS graviton Gy, ...

» use known resonances eg Z— UM peak for normalization

» direct search for NP

2. short lived
» eg: D,B = UH: tiny in SM, may be enhanced by new physics (SUSY)
» low mass: use other known B,D decays for normalization

» indirect search for NP

3. long lived
» eg: SUSY with weak R-parity violation, ‘hidden’ SUSY, hidden valleys
» distinct topological signature: (highly) displaced vertices

» direct search for NP
32



ho =pp [prompt]
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light Higgs predicted eg NMSSM

» add singlet scalar to MSSM

search in range 5.5 -- 14 GeV around the
Y (nS) region

no excess found above SM background, set
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14 '
CMS preliminary\s = 7 TeV

—— Observed
12 N Expected - 1o Ly =1.31b"
~ Expected -~ 26

10

llllll]lllllll]-

glg=opirigina g iyt iy —g:lnd g B gt g p e ) i g g g

55 6 6.5 7 7.5 8

LT WWVE VWY uMg’VWWJIi’UVVV urwww Loy

85 "
M,, [GeV]

325000 :— CMS preliminary _:
- K Barrel \s=7TeV 1
e B Lm =1.3b"' -
#20000+ il
E - o
S E i 1
= - «+++ Cont. background -
15000+ o ::;:: —

E vas) i

10000+ -
5000+ ]
'n°1°x°l'-}'1- .

i e e S s s sl Wl e s

7 8 9 10

C |~ Observed CMS preliminary\s=7TeV -
| s Expected + 10 L =13f" —
E | Expected + 20 e =
10 — =
Y =
6 =
Ak =

0 5 s ks s 2 s s 2 2 ! 3 2 : 3 ks 3
115 12 12.5 13 13.5 14
M, [GeV]

o [ S [ e ~



SM Higgs search: H—=41,2y [prompt]
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* the new light boson resonance found at

m=1253+04 0.5 GeV
best fit o/osm = 0.80 = 0.22

significance (local p-value): 50

* M see previous seminar (5/7/2012) by
Prof. Joao Varela
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Events / GeV

/', Gkk—=Ud [prompt]
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N.Leonardo, Signals from the LHC

CMS Vs=7TeV, L =23

500

12/9/12

>104' l T S N R N R
8 03" + Data
81 B Ziy*—> pp ﬂ
~ 402 B tt and Diboson

-og — ADD,A;=28TeV
10 E
L .

1000

LA lLUll

non-resonant

2500

2000
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no excess found above SM background

* ADD 95% CL limits in 2.5-3.8 TeV
« RS 95% CL limits in 1.8-2.1 TeV (k/Mpi 0.05-0.1)
95% CL limits in 2.0-2.3 TeV = 2.3-2.6 TeV
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B—uu [short lived]

b WHXT

-l - Lr*
-1 _
B:/d teulg T|v > SR R
. e Barrel
d/s -5 H § 4 —— B? signal window
W, EE ...... . BY signal window
=
highl d in SM P
* ni SUppressed In S
ghly supp 3 _
» effective FCNC, helicity suppressed 1 - ]
» BBs = ptpw) =(32+£0.2)x 107° |l |_| e
5 52 654 56 5.8
» B(Byq— ) = (1.0 £0.1) x 10-10 My, [GeV]
20 ——2 — ,

* high sensitivity to new physics

» eg MSSM: B o (tanf)®

! @95%CL
\<

* nho NP enhancement detected

10° x BR(By = ptpu™)
CMS 4.9 fb' @95%CL

CDF 10fb-

e

» strict constraints to NP phase
phase, flavor sector contributions

10 20 30 40
N.Leonardo, Signals from the LHC 10°2 x BR(Bs — u*u™) 36



phenomenology [long lived]

visible visible
sector new sector new
hidden hidden
U seIIor / 3 50 : U seil:or
- LVSP
A 300 ————
[ > i
/ 8 250¢
A [
nagen > 150" 5
) : t X
s ™ L .
\\\‘ :.\/ 100 . ..... Alensd
| [ A S0} I gupiit. 2
\ oo 2 : ff ol gravitino
g™ g o Bz T o
~~— - / ' ) ¥ ¢ )
€l
hidden valley stealth susy
[arXivihep-ph0604261] [arXiv:1105.5135]

VS ~ NHS suppressed coupling ® long lived hidden particles
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displaced vertices search

search for neutral, long lived, narrow heavy resonances
decaying to leptons inside the CMS tracker volume

* benchmark signal model:
» Higgs (scalar) decay: HO—2X, X—[*-
» variety of Higgs mass, X mass/lifetime
» further models constrained by our results

* backgrounds:

» QCD, tt, Z/Y, Z+jets, WWIW/L/ZL

simulation

* look for a (displaced )peak in
invariant mass spectrum of X— U
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candidate selection

* online selection
> , with no tracker nor vertex requirements

. . _ — _1
e track selection CMS Preliminary \'s=7 TeV L=5.1 fb

» vertex fit quality

v

. . . $ """" I ! | | [ l L I I'.ll ‘;ololol | |x|x|3I5|0| ;I Ibl | IE

» high purity, oppositely charged tracks .2 e o 1000 X250, o0

. CJtt -

» impact parameter: remove prompt tracks 1] 2 =21y :

: : 10 w o E

» muon ID = matching trigger muon = z

I zz )

» isolation 10 " Daw E

* vertex selection 10" .

vertex displacement from PV =

0 2 4 6 8 10 12 14 16 18 20
L,/C

v

collinearity angle (pg,Lxy)

v

back to back tracks: eliminate cosmic rays

v

dimuon separation, AR>0.2, to avoid region of poor trigger efficiency
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results & limits

* look for signal as a narrow resonance in dilepton mass spectra
* N0 excess observed so far = limits set for ranges of muy, mx, Tx

- observe zero (4) events in g (ee) channel, expected: 0.02+0.09 (1.4+1.8)
exclusion limits from Tevatron significantly extended
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{* Limits ~0.7-10 fb
N.Leonawdos Signals from the LHC 12/9/12 %0
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PbPb collisions
(@ v/s\n=2.76 TeV)
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Dimuon (Y) candidate in PbPb

a CMS Experiment at the LHC, CERN

Datarecorded: 2010-Nov-12 03:55:57.236106 GMT(04.55:57 CEST)
Run /Event: 150887 / 1792020

Uy~ pair:
mass: 9.46 GeV/c?
pPT: 0.06 GeV/c

rapidity:—0.33

ur

pr = 4.74 GeV/c?
n = -0.39

= |
pr = 4.70 GeV/c?
n = -028
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aim: explore the QGP

"% at large energy densities, QCD predicts the existence of a deconfined state
of quarks and gluons -- the quark gluon plasma (QGP)
» the goal is to characterize and quantify the properties of the dense and
hot medium produced at the unprecedented LHC energies

Temperature T [MeV]

Nuclei Net Baryon Density



quarkonia as probe for QGP

QCD thermometer

* heavy quarks produced early in the collision

»

they map the evolution of the medium

* quarkonia state in a deconfined, color-charged
medium: Debey screening

»  PLB178, 416 (1986)

»

»

induced the suppression of individual states
different states melt at different temperatures

Q and Q cannot
“see’ each other

Screening in
a deconfined
medium:
effective
charge of Q

and Q

reduced

State i

mass [GeV] 310 3.68

AE [GeV] | (0.64 0.05

radivs [fm] | 025 | 0.45

N.Leonardo; Signals from the LHC 12/9/12

T/Te 1/(r) [fm]

2 Y(15)

% (1P)

1.2 7/0(15) Y'(25) |

49

% (2P) Y'(35)
%x(P)  w(25)

|
|
i

arXiv:0811.0337



Raa & centrality

* pp data employed as baseline for heavy-ion measurements

* nuclear modification factor,

: — >1 enhancement
R = Yield (Pbe) — ‘Cpp NPbe(Q—Q) ' “pp =1 no medium effect
AT Yield (pp) x <Neor>  T44NMB N,y (QQ)  epopn

<| suppression

ﬂ average number of NN collisions in AA collisions

. dependence

» impact parameter, b, of the collision

» central collisions (small b): hot, large
Npare (number of participating nucleons)

» peripheral collisions (large b): cold, large
spectators (fly away undisturbed)

» measured from energy deposit in HF
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oC

J/W suppression
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1 : 1 :
08 _+ PromptJhp - 0'8:_ Non-prompt J/p-
0.6/ * - : * * )
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i L ] i LI ]
0.4— L — 0.4— x ¥ -
i . - i ]

Bl " = - i i
0.2~ lyl<2.4 o 0.2~ lyl<2.4 .
- 6.5<p. <30 GeV/c | | | | i - 65<p <30 GeV/c ]
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O L 111

100 150 200 250 300 400 0 50 100 150 200 250 300 350 400
Pb
C‘ part Npart

* prompt and non-prompt J/P separated for first time in heavy-ions

* prompt J/ is strongly suppressed as a function of coll. centrality

non-prompt |/\P shows for first time b-jets are quenched (high pT)
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charmonia vs bottomonia

A
» extensively studied already at the SPS and RHIC

» various competing factors complicate interpretation of observed
suppression: feeddown (incl. b-hadrons), possible regeneration, etc ...

» at CMS & LHC access higher pt reach; detailed P(2S) studies needing
larger datasets

o
» individual states measured for the first time by CMS (before unavailable)

» no b feeddown; 3S not significantly affected by feeddown

» Y(nS) system offer multiple states: study relative peak suppression, where
many ‘cold-nuclear effects cancel; statistical regeneration likely negligible;

» bottomonia provide a powerful new QGP probe, opens a new avenue @LHC
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Events / (0.14 GeV/c?)

X23 = Y(2S+3S)/Y(1 S)‘pp

Y(nS) in pp...

and in PbPb: where did Y’ go?

:IIII|IIII|IIII|IIII|IIII|IIII|IIII
80« data CMS Preliminary
Lo — fi pp \'s =2.76 TeV
- 0.0<lyl<2.4
60 pl >4 GeV/c 0<p_<20GeVic
- L, = 225nb”
501
E o = 92 MeV/c? (fixed to MC)
40—
30 =9
- ¢
20—
10— + +

% 9 10 1 12 13

14
m,, (GeV/c®)

Y(ZS+3S)/Y(1S)‘pbpb 31+O 19

= -0.15

N. Leonardo- Quawkoniov @ CMS

2010 PbPDb data

(:'\ ._I LI L ] | e ! | I | LI | §5:0 ] Nz Lv<l l | e I LI
SIS data CMS PbPb s, =2.76 TeV ]
3 60—_-_— fit Cent. 0-100%, |y| < 2.4 _
. S 0 <p_<20 GeVic B
S p>acevic ||(L, =728 ]
o F i
5 =
= 6 = 92 ME&V/c? (fixed to MC)
Y oW
20 ~ T
.
i T,
—1 L1 1 1 L1 1 l 1 =1 | = | l L1 1 1 1 1319 % 1 1 1 ]
% 8 9 10 1M 12 13 14

m,, (GeVic?)
2S and 3S excited states suppressed
+0.03 significance of effect 2.40 (p-value 0.9%)

CMS, PRL107 (2011) 052302 |
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Events / (0.14 GeV/c?)
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N. Leonowrdo-

Y(nS) in pp...

o data CMS Preliminary
— fit pp \'s =2.76 TeV
0.0<lyl<24
pi >4 GeVlc 0<p, <20 GeVic
L. = 225nb’

o = 92 MeV/c? (fixed to MC)

§

_’_
-o—

m,,, (GeV/c®)

¥23 = 0.15+0.15+0.03

Quawkoniov @ CMS

and in PbPb: where did Y’ go?

2011 PbPb data

c\fl\ 800 __f T T 1 | T T | T T | T T | T T | T T | T 1__
Q I CMS PbPb |5y, = 2.76 TeV ]
> 20002011 PbPb run " -
G [ 2010 data. Cent. 0-100%, Iyl <2.4 -
S eoo X0 p! > 4 GeViec -
< L =150 b’ !
2 500 -
C - i
> ¢ “ dat 1
L C % data -

400 - +— total fit ]
Y B backgroud
300 -
200~ g4t -
O : L1 1 1 | | | | | | | I 1 1 | | I 1 1 | | I 1 1 | :

7 8 9 10 1 12 13 14
m,,. (GeV/c?)

observation of relative suppression
of the excited 2S and 3S states wrt |S

statistical significance >50
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Y(nS) suppression

)

0.1 GeV/c?
S B
o o

Events / (
oo
3

R mem ik
P 4 @

PbPb

T1IIIIIIIITFTITTT.

¢ CMSPbDPb s, =276 TeV —_

1111]111[][][]

—— total PbPDb fit

2 Cent. 0-100%, |y| < 2.4
PP \, Line = 150 ub’
ii pl>4GeVic
£ « data

-- background

pp shape
(RAA scaled)

Illl

IIllII
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C'7 8 9 10 11 12 13
Mass(u'u) [GeV/c?]
N. Leonowdo- Quawkoniov @ CMS

14

o(PbPb) >1 enhancement
P\AA= =1 no medium effect
o(pp) <| suppression
Raa(Y(1S)) 0.56 =+ 0.08 (stat.) &= 0.07 (syst.)
Raa(Y(2S)) = 0.12+£0.04 (stat.) £ 0.02 (syst.)
Raa(Y(39)) 0.03 £ 0.04 (stat.) == 0.01 (syst.)

< 010 (95%C.L)).

* all Y states are suppressed,
and sequentially

' Y(3S) = Y(2S) = Y(IS)
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Y sequential melting!

T/T, ~ 1/(r) [fm]

— T =0.00 GeV
~| vas) . ————— D .
: w |
| 3/
Y(25)
i (2P j)|

Y"(3S)

Y(1s) Y(2s) Y(3s)
Wi(cS) 9.0 95 10.0 10.5 11.0

Muon Pair Invariant Mass [GeV]

Y suppression pattern established:

]
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sequential suppression

g _' T l 1T ] | I L l 1o e 1o G L I L I | [ P L L l T '— (Centralit de endence)
©’1.4F- CMS Preliminary, PbPb {fs,, = 2.76 TeV — Y 9€P
i —&— Y (1S), stat. unc. =1 -1 ’ .
1.2 Y(1S), syst. unc :-;l,(ziOub —+ ¢ both IS and 2S suppressions
N —4— Y(2S), stat. unc. : ' 3 . . .
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1 - .
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- 50-100% s :
0.6 - + + e 5-10% 0-5% _
0.4 P
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i (:1'] [
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(&) Mo ()

suppression pattern observed: Y(15) < Y(25) < Y(3S)
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sequential suppression

§ FEL B I T I D O L L3 I T O LS B o I O P B [ EL
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ool -l i ey e
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suppression pattern observed:

part

N. Leonowdo- Quawkoniov @ CMS

(centrality dependence)

* both IS and 2S suppressions
increase with centrality/Npart

* 2S,3S are more suppressed
than IS

* data allow discrimination
amongst models/parameters

US CMS weekly meeting 56



sequential suppression

_.' T I S I I ] | e L I l=lle o) BEkd s I | R P L l 1T '— .
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i |
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I ‘ . Y(IS),and less than Y(2S)
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suppression pattern observed:
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gquarkonia sequential suppression
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quarkonia suppression pattern experimentally established:

e —— =
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summary

the LHC machine and experiments are doing fantastically well

many signals have been extracted, and many relevant measurements
continue to be diligently carried out

a new boson observed with about 125 GeV, consistent with SM Higgs

no clear evidence for signals from Beyond the Standard Model — yet
» search reinforced with higher energy, luminosity, and extended approaches
observed suppression of quarkonium states in strongly-coupled medium

» and established its sequential pattern

more data (pp, PbPb, pPb) will continue to be accumulated, allowing
extended measurements and novel searches

» evidence for new phenomena, ground breaking signals remain excitingly imminent.
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[exotica exclusion thresholds]

b' W, (31, 2I) + b-jet

2' SSM tau tau |
Z', ttbar, hadronic, width=1.2% | s b'/A degenerate, Vib=1
Z', dijet b' W, l+jets 4 T h
Z', ttbar, lep+jet, width=1.2% B'  bZ(100%)

2'SSM Il (fbb=0.2) Resonances
G, dijet

@G, ttbar, hadronic

G jet+MET k/M = 0.2

- Generation

t" bW (100%), l+jets
" bW (100%), I+l

G Yy kK/M = 0.1
G, Z(hZ(qq), /M=0.1 6
W"Zij:: gluino, Stopped Gluino
W' - td stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
fractional charge, q=2/3e
fractional charge, q=1/3e
multiple charge, q=2e
multiple charge, q=3e
2lino, ctau=25cm, ECAL time

W'— WZ(leptonic)

WR' = tb

WR, MNR=MWR/2

WKK y = 10 TeV

pTC, nTC > 700 GeV

String Ball M, MD=2.1, Ms=1.7, gs=0.4
String Resonances (qg)

s8 Resonance (g9Q)

s8 Resonance (gg/bb), fbb=1
E6 diquarks (qq)
Axigluon/Coloron (qqbar)
gluino, 3jet, RPV LQ1, p=0.5
. { LQ1, B=1.0
el
a” (W) LQ3, (bbnunu) Br(LQ - bvt) = 1
q'(a2) LQ3, (btau) B=1.0
Q" , dijet pair stop (btau)
Q' , boosted Z

e’ A=2TeV
u',A=2TeV
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[long-lived exotica]

data-driven efficiencies

* trigger efficiency: evaluated

efficiency

with tag & probe on Z peak

» (also J/WP for boosting effects)

» data-mc systematic: | 1%

Ll ]' Ll Ll Al ' Ll Ll Ll ]’ I

08 I~ -
! — data

06 |- —

- CMS Preliminary \s=7 TeV “

04 o Z-uu MC —

- Z—uu Data -

" A 1 " i - 1 a a A 1 [
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Probe p_(GeV/c)

* tracking efficiency: evaluated
employing cosmic muon data

» data-mc systematic: 20%

CMS EXO-11-101
E ] ] 1 | | I ! |
O 4 sy -
o L. CMS Preliminary
: v
>
gial
08 i, data
2 '”".‘
mo | R MC
0.6/ i -
0.4} T
0.2
o]
i < 1 % EFONrM |
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Idol [cm]

Overall signal efficiency range 4-30% (electrons), 5-50% (muons)
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[excited charmonium suppression]
LIJ(ZS) VS J/tl)
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For pr>3 GeV/c and 1.6<|y|<2.4:
Indication of (2S) being

less suppressed than J/Ap,

For pr >6.5 GeV/c and |y|<1.6:
P(2S) are more suppressed than J/Ap

but more pp data is needed. RO7190% (4(28)) = 0.11 = 0.03 (stat) = 0.02 (syst) & 0.02 (pp)

ROI9%(1h(28)) = 1.54 + 0.32 (stat) 4 0.22 (syst) & 0.76 (pp)
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parton energy loss [in the medium]

5 CMS (* preliminary) PbPb\ s, =2.76 TeV 5 CMS (* preliminary) PbPb\ s, =2.76 TeV
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