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Introductlon and Overview

« Hadronic final states experimentally challenging at hadron colllders '

« At the same time, sensitive to many extensions of the standard
model

« Strong production of new particles provides potential for early
discovery

* Hadronic final states can outperform the corresponding semileptonic
final states (due to increased branching ratios combined with recently

developed jet substructure techniques)

* This talk will present some of the latest results from hadronic
Exotica searches

* Most results based on the full 2011 data sample at 7 TeV (with a few
based on the latest 8 TeV data)

» Results presented by increasing final-state multiplicity
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LHC Performance: 2010, 2011, 2012
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CMS Trigger System

 CMS has a two-tiered trigger system: '
 Level-1(L1) trigger:
« Consists of custom-designed fast electronics Front end pipelines

Detectors

* Designed to reduce the event rate from 40
MHz to 100 kHz

 High-Level Trigger (HLT):

» Consists of a farm of commercially available Switching network
CPUs running reconstruction code optimized
for fast processing

* Reduces event rate from 100 kHz to O(300) Hz

Readout buffers

Processor farms
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CMS Operational Status’
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"As of June 15, 2012 |
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CMS Operational Status (cont'd)

CMS Total Integrated Luminosity, 2012, p-p, Vs =8 TeV
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» Particle-flow algorithm combines information from all CMS subdetectors
* Returns a list of reconstructed long-lived particles:

* e, M,Y, charged and neutral hadrons

» Used as building blocks for other higher-level objects

 Made possible by the granularity of the CMS detector and high magnetic
field
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Jet Reconstruction in CMS

« Particle-flow jets clustered from reconstructed particle
candidates

« Default jet clustering algorithm: Anti-k_with R=0.5 and 0.7

« Jet energy scale calibrated using jet energy corrections

« Account for extra energy from pile-up on an event-by-event basis
using jet area

» Jet calibration vs n better than 1%

« Jet energy scale uncertainty: =1% for p.>150 GeV, jet energy
resolution: 10% at p,.=100 GeV
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Monojets
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RS Graviton into Jet+MET

EXO-11-061

« Searching for heavy resonances in jet+MET final state

« Benchmark model: RS graviton G* — ZZ — qqvv

Missing E

e Event selection:

Jet p.>300 GeV and |n|<2.4, MET>300 GeV

No isolated e, d, tracks

No more than 2 jets with p.>30 GeV and |n|
<2.4 (if exactly 2, require AD<2.8)

mj>70 GeV
I\/ITG>900 GeV
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RS Graviton into Jet+MET (cont'd)
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CNAS 1 ;“""”6’6
Dark Matter and LED EX0-11-059 [ Z25hg

* Using monojet+MET events to search for dark matter and ADD graviton production

Direct searches Collider searches

» Collider searches for DM complementary
to direct searches

g
q q q DM « Mediator particle assumed to be heavy —
x H Contact interaction between DM and SM
particles
DM DM q” ‘DM

time >1055‘\'I‘\'I'I‘I'I‘I'I‘I'I'I'z
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..........
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« Dominant backgrounds (Z —vv, W—lv) estimated 10e i E I
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L s

» Data consistent with the standard model prediction — | I i lnme=lEE
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Dijets

Santa Fe 2012 Summer Workshop Latest CMS Exotica with Jets (Dinko Ferendek, Rutgers) 15



Dijet Resonances (2011) EXO-11-094 |

« Searching for resonant structures in

smoothly falling dijet mass spectrum > B R BRSNS
 Using “wide jets” that cluster all other AKS % 1 —— Fit
jets with p.>30 GeV and |n|<2.5 within £ 0 acD Pythia
AR<1 1 arOund the 2 |ead|ng AK5 JetS 5 ’ ' Jet Energy Scale Uncertainty
(collects final-state radiation and improves 8 o2 St s (1.8TeV)
dijet mass resolution) Y e S (26TeV)
10°E @ 15Tev) ~

* Events selected if wide jet [n|<2.5 and
|Ar]|<1 3 10
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 Using H. and dedicated dijet mass triggers 0" ﬁ:;;ﬁmu .
— Minimum dijet mass of 890 GeV driven Wide Jets are2Ten
by trigger thresholds 10 T
- Data well described by PYTHIAG MC + :
CMS simulation R
« Background estimated from a smooth 1000 150020002500 30%%et5.’\§’223 (é%c\]/c)]
parameterization fit -
do _ Po(i—m/ VA" 1=l (3)]
dm — (m/\/3)PtPsIn(m/V5) AR = \/(An)? + (D)2
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Dijet Resonances (2011) (cont'd)

« Complementary low mass search

-~ D@.5TeV)

performed using novel triggering and S ©F T L e remmayorom) 3
data acquisition strategy introduced in € [ S N
the last few fills of the 2011 run ? ....... Qco Pythia
1 —=|
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event rate — Storing reduced data AN E
format (HLT jets) in order to keep the w2 N PO D -
total used bandwidth under control . ‘ B
W’ (0.7 TeV) 3

* CMS uses this same strategy for “data  1w*f _,., T % -
scouting” of regions of phase space o[ Mz lani<13 B
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[No evidence for new particle production in low and high mass searches]
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Dijet Resonances (2011) (cont'd)
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'_(-: PYTHIA + CMS Simulation: qq->RS->qq ] '_(-: PYTHIA + CMS Simulation: qg->Q*->qg 1 '_(-: PYTHIA + CMS Simulation: gg->RS->gg
0 B 0 B 0 s
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Quark-Quark Resonance mass (GeV) Quark-Gluon Resonance mass (GeV) Gluon-Gluon Resonance mass (GeV)
e Signal modeling:
* Narrow resonances with intrinsic width small compared to Gaussian core from jet energy
the CMS dijet mass resolution resolution and low mass tail from

QCD radiation

» Separate resonance shapes for 3 different parton pairings:
« qq (or qq) (from PYTHIAG G — qq)
 qg (from PYTHIAG6 q* — qQ)
g9 (from PYTHIAG6 G — gg)

* These shapes together with the measured dijet mass
spectrum and the smooth background fit used to set limits
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« Limits also set on a variety of benchmark
models
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o
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10_1 :_ | 1 1 1 1 | 1 1 1 1 | 1 | | 1 | | 1 1 1 | _:
600 700 800 900 1000
Resonance Mass (GeV)
Model Final State | Obs. Mass Exclusion | Exp. Mass Exclusion
[TeV] [TeV]
String Resonance (S) qg [0.6, 4.32] [0.6,4.28]
Excited Quark (Q*) qg [0.6, 3.27] [0.6,3.05]
E¢ Diquark (D) qq [0.6, 3.75] [0.6,3.72]
Axigluon (A) / Coloron (C) qq [0.6, 3.34] [0.6,3.17]
s8 Resonance (s8) 88 [0.6,2.07] [0.6,2.25]
W’ Boson (W) qq [0.60, 0.69]
[0.82, 0.96] [0.60, 0.88]
[1.0,1.90] [1.0,1.77]
Z’ Boson (Z) qg [1.0, 1.45] [1.0,1.44]
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Dijet Resonances (2012)

EXO-12-016
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enhanced signal cross sections

 Compared to 2011 results, mass limits
extended for most benchmark models
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Resonance Mass (GeV)

Model Final State | Obs. Mass Excl. | Exp. Mass Excl.
[TeV] [TeV]
String Resonance (S) qg [1.0, 4.69] [1.0,4.64]
Excited Quark (Q*) qg [1.0,3.19] [1.0,3.43]
E¢ Diquark (D) qq [1.0, 4.28] [1.0,4.12]
Axigluon (A)/Coloron (C) qq [1.0, 3.28] [1.0,3.55]
s8 Resonance (s8) 88 [1.0, 2.66] [1.0,2.53]
W’ Boson (W”) qq [1.0, 1.74] [1.0,1.92]
[1.97,2.12]
Z! Boson (Z7) qg [1.0, 1.60] [1.0,1.50]
RS Graviton (RSG) qq+gg [1.0, 1.36] [1.0,1.20]
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Dijet Resonances with b-tagging [Ex0-11-008

« Extension of the standard dijet resonance search

. . . . . %0.9: G—bb %20 b-tags
» Considering information on possible presence of a 0.5 (oo st s
secondary vertex within the jet — Increased sensitivity Hozp heza i<t

0.6

to resonances preferentially decaying to b-jets 05

0.4

* Only 2 leading jets considered for b-tagging — Events 03

. : . ) «
grouped into 3 exclusive categories: 0, 1, and 2 b-tags o2

« Search performed in all 3 categories simultaneously R e R
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Dijet Resonances with b-tagging (cont'd)

 Set model-independent limits as a function of the bb jet fraction

~ BR(X — bb)
Job = BR(X — jj)
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Dijet Resonances with W/Z-tagging

EXO-11-095

Searching for heavy resonances decaying into boosted

hadronic W/Z

Making use of the jet substructure techniques to tag
boosted hadronic W/Z (tagging based on the pruned jet

mass, mass drop and the number of subjets)

AKS jets used for event selection and reconstructing the
dijet invariant mass. Pruned Cambridge-Aachen R=0.8

jets used for \W/Z-tagging

x1 03
"2 220_— L=5.0 fb' CcMS I:lretlimina:jné .
—@— Untagge: ata
O 200 \'s =7 Tev ~® acb Pythias 22
—— QCD Herwig++
W 180 . G*>WW (1.5 TeV)
160 G*->ZZ (1.5 TeV)
W'->WZ (1.5 TeV)
140 q*->qW (1.5 TeV)
q*>qZ (1.5 TeV)
120¢ k; R=0.8
100F

a7

Fi

200 O eeape
g“.u‘.‘|]H|.HJ..‘H.1,,<

q) 20 40 60 80 100120140 160 180200

Jet Mass (GeV)

F L=50fb"

)
< L T T < L B B L B UL R —
% 1 3 -@- Single W/z-tag data (5.0 fb™) = % 107 -@ Double W/Z-tag data (5.0 fb™) = s F \s=7Tev
% 0 E —Fit ] % E —Fit 3 = T
o * 3 QL menawWwW HA NS e
= - q*>qW = . -~ RSG->WW ~ 10 10 o
-g 102 = - -g 10°F - E a E CMS Preliminary
B CMS Preliminary \O CMS Preliminary © C
° V$=7Te|v | ° \$=7Telv | - - —@— data W->WZ
3L 2.5, A 13 2.5, A 1.3 - "
10 P;\]mT-kT R0 104 P/;IntT-kT Re0'5 E o 2 QCD Herwig++ G->2z
o N Z 1075 ocopymiasze oo Eeww
. E 10° RSG>WW (1.5 TeV) _ r
e : oo et e et e & H
F " T W (2 TeV)s 10"
10° Y 5
g ! 10° =
€ 3F — 3 £ i
E3-.--—'\--—.--."——--'-.—-——g E P — a4l 1 1 1l
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Dijet Resonances with W/Z-tagging (cont'd)

* Limits on qW/qZ resonances set in single-tagged
sample

e Extend mass limits from corresponding semi-
leptonic searches

 Limits on WW/WZ/ZZ resonances set in double-
tagged sample

T T T T [ T T T T [ T T T T [ T T 7T T T T ] T T T T [ T T T T [ T T T T ] T 11

LA ALl

—_

UL L")
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107
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-
=
[N
—_
=
S

\s=7TeV \s=7TeV

—e— Observed 95% CL Upper Limit —=— Observed 95% CL Upper Limit

IR
LBl
T T
L Bl

Cross Section x Bx A (pb)
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CMS

Quark Compositeness EXO-11-017

* Well bellow the compositeness scale A, quark compositeness manifests itself as a four-
fermion contact interaction (Cl)

r

27T _ _ _ _ _ _
Lq = “z [70(q,7"90) (@7qL) + 7re (G 9R) (@R 76qR) + 2780 (TR 7" qR) (G 7,qL)]

A = A7, for (1L, rr, yrL) = (£1,0,0) q q

A = A;{FR for (7L, 7rr, 1rL) = (0, £1,0) X — Destructi\(/;e interfSrCence

A =A=T f — (41 +£1 11 between Cl and QCD
iv o (WLL’ URR'URL) ( S ) /\" — Constructive interference

A = A3, for (7LL, mrr,MRL) = (£1, £1, F1) between Cl and QCD

A= Ay g for (7ee, mrr, fire) = (0,0,£1) | q

« Contact interactions affect the angular distribution of the scattered partons

9 _ 1 dogjiet Flat for Rutherford scattering,
Angular dist. = ) approximately flat for QCD,
Tdijet dXdijet peaking at low values of X, for CI models
q q
1+ | cos6*| 1 E + p; 1
q L eyl y v==In[——22) — Z(yq +
[Xduet o0 1 — | COS 9*| y 2 E_ P, Yboost > (yl .)/2)
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Quark Compositeness (cont'd)

- Event selection: =2 jets with ¥ <16 and IV, ../ <1.11 (effectively restricts |y.| and |y,| to

<2.5)

* Angular distribution measured in multiple dijet mass bins

p
-— C ‘01 [ -
5 0.7 —+— Data CMS Preliminary | .5 0220 cuq prefiminary —®— Data * Results:
ﬁ B | QCD prediction \s=7TeV Qg 0.2 Js=7TeV QE:D prediction
3 T —— Al g =7TeV(NLO) L=22f1b" b% P Le22f" — ALurs = 7 TeV (NLO) NLO CMS Preliminary
= L 18 =22t A, r =7 TeV (NLO
o} - M, >3.0 TeV (+05) | O . M, >3.0 TeV s = 7 7OV (NL0) + . \s=7TeV
© I kol r L ALL/RR =7TeV (LO) ALL/FlI"I 2 I -1
B 0.6_ 'I = 0-16: _______ Ay re =7 TeV (LO) B H L=221b
S B e e _+__ = .:% L 014 e ha ALLRR | — Observed
© - = 0.14r Aywaa=7TeV(QLO | | T T Expected
- i ; —— 0425 Ayyaa =7 TeV (LO) Lo Expected 410
B 24<M;<30TeV  (+0.4) S AL, =7TeV(LO) + . Expected +2¢
oo 0.1~—=- “h ALLRR | =
- ﬁ"‘f__ gt 0.08 - ALLRR i
L B ettt *— AYviaa i
0.4 0.06 B B )
Lo 19<M; <24Tev  (+0.3) R AVviaa i
o o .- o - 0.04 + AL 3
Lo 1.5<M; <19TeV  (+0.25) 0.02 A :
[ —e——g——g—0—0—0 ¢ 0 —O——0—==0== C | | | |
0.3+ | A A T A 5 10 15 20
L 1.2<M;<15Tev  (+02) 2 4 6 10 12 14 16 L
= . e X A [TeV] lower limit
g 1.0<M; <1.2Tev  (+0.15) diet CI model Observed limit (TeV) | Expected limit (TeV)
‘_ o o oo S o0 — 00— + +0.4
0.2 L 08<M,; <1.0TeV  (+0.1) TRECH A 75 7'01(118
" —e——g—e—o—0 90— ——9 ot - NLO ALL/RR 10.5 9.7717
C 6<M;, <08Tev  (+0.05) 4 105
Ce- 06<M;<08TeV (+0 LO A}, rr 8.4 7'97057
— — 4l ]
0.1 - 0.4 < M; <0.6 TeV LO ALL/RR 1.7 10.9774
L o —0—o—0 + +0.5
i 00— LOAVy/aa 104 9577
_ +2.9
1 2| 1 11 4| 11 1 6| 11 1 8| 11 I1|0I 1 I1|2I 1 I1|4I 1 I16 LO AVV/AA 14.5 13'7726
+ +1.0
X LO A,y 8.0 7.8119
dijet \ /
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Dijets+Trijets
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Boosted Tops

EXO-11-006 |~

 Searching for heavy resonances (m>1 TeV) «, g
decaying into boosted tt pairs in all-hadronic = 1eo

CMS,L=5fb"at Vs =7 TeV
LI L I L L B

mDATA = 83.0+ 0.7 GeV/c?

: o
final state o 140F m¥C = 82.5+0.3 GeV/c?
120 ]
. . = c * Data .
 Fully merged and partially merged topologies & 1%°F il :
L 80 EW+dets
T 1+ T 1 60 [_INon-W MJ3
ype 1 + lype Type 1 + Type 2 ok —Datafit -
W candidate - == MC fit E
Top candidates / 20 _E
c ]Top candidate 00 I2OI | I4OI | I60| 80 100 120 140 160 180 200
w m(W-jet) (GeV/c?)
b candidate
1 CMS,L=5fb'at Ns=7 TeV
(O] ‘=3 LA B HL L B L B LR B BN AL BELENL—
s = =
: : . : o' Y .
* Using Cambridge-Aachen jets with R=0.8to g I/ :
. o 10'E =
tag: S F et t g
S 4 :
 Top jets K |
. Wiets ? « MC Signal Efficiency -
» Mistag Probability )
10° =
| IR P ISR ST T TR T SO SO NN SO SO NN NN M SN MR S
400 600 800 1000 1200 1400 1600 1800 2000
Jet P, (GeV/c)
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Boosted Tops (cont'd

CMS,L=51b"Vs=7TeV Type 1+1 CMS,L=51b"Vs=7TeV Type 1+2
R LA LN B BN LR AL N B AL B B > LA AL B BLELLELE AL ELELLL NI BLRLL AL LRI H H
* F . Observed ] 3E v Observed 1 « Data consistent with
@ = Non-top multijet 4 s E Non-top multijet 3 . .
° L B simuiation 1 8 ¢ B simuation ] background-only prediction
SWE | e e Z(1TeVich)o=10pb 3 T ---- Z(1TeVicHho=10pb |
g F #2 T e Z(1.5 TeV£c2)<s=o.1s pb3 @ 10°=,4 % Z(1.5 TeV£c2)G=0.18 pb 3 L .
o SN T R Z'(2TeV/c®)5 = 0.06 pb - o Elall @ Ty e Z(2TeVic)6=006pb 1 @ .
S Fo . Y - Z'(3TeV/ic)5=0.03pb T 5 C ] Im Its Set on:
>
w 10 =
E 3 10 = — !
g E = E  Topcolor Z
L | _j « RS Kaluza-Klein gluon
S b o, b * Enhanced tt cross section at
3[8 2F ] 3(8 2 = ;
] = PSSP SO I | SIS E high mass
215 0 -0 215 0 -0-0-0-9- T
ale [k - TT TTeketT 1 ole BT M U —— E
s|* Z2E E T E f dosmine 4y -
© B T N A N R RPN IR AR M= © B T A A R RPN RPN RN M= 2 _
e 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 e 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 8 _ mtf>1TeV/C d‘mtt tt
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mg>1TeV/c? dmg tt
— 85<26
102 CMS,L=5 b’ at Vs =7 TeV 1% Width Assumption 102 CMS,L=5 fb'at Vs =7 TeV 10% Width Assumption 102 gMS, L=5fb"at Vs =7TeV KK Gluon Assumption
—_ =2 =00 Al As=7 eV /e WIdin ASSumption 2 e=ofo aths=7 eV 17 Width Assumplion =, e2olD Al As =7 ey R Auon ASSUmpl
f,; g Observed (95% CL) 3 f,; g Observed (95% CL) 3 f,: g Observed (95% CL) 3
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5 18 £ Py E
g 4 Q. - o -
% [oN -1 o 1 ~
D ot => 10 7 DO 100 g Seel E
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Paired Dijets
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Paired Dijet Resonances

EXO-11-016

Searching for pair production of new colored particles

decaying into dijets

Search performed in the average dijet mass spectrum
of the dijet pair with smallest Am/mavg formed from the

4 leading jets
Event selection:

« 24 jets with [n|<2.5 and p >150 GeV
« AR>0.7, Am/m,_, <0.15, A>25 GeV

Benchmark model: pair production of colorons
decaying into qq pairs (acceptance varies from
3% for m=300 GeV to 13% for m=1000 GeV)

Measured average dijet mass spectrum smoothly
falling — No evidence for new particle production

Observed 95% CL exclusion 320<m<580 GeV

(320<m<650 GeV expected)

Cross Section x BR x Acc (pb)

A= Z (PT)i_mm)g

; CMS Preliminar

CMS Preliminary

Events per 40 GeV

—=— 4-Jet Data

Background Fit

— - QCD Simulation
Coloron (400 & 800 GeV)

PR TN TN RN R NN SR SN M 1
600 800 1000 1200

Paired Dijet Average Mass (GeV)

I L=221b"

IREIEIETE Expected Limit (95% CL)

e o o P N SR

Pair-Produced Dijet Resonances]
Observed Limit (95% CL)

Illllllllllllllrl
700 800 900 1000

Resonance Mass (GeV)
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Paired Trijets
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Three-jet Resonances

EXO-11-060

e Searching for pair production of massive colored particles

decaying into 3 jets

e Search performed in the triplet mass spectrum using the jet

ensemble technique
* Event selection:

« =26 jets with |n|<3.0, p,>70 GeV and H >900 GeV

6 leading jets combined into all possible unique triplet
combinations — 20 combinations

3
Mj; < Ylprli— & (=160 GeV |
i=1

 Benchmark model: pair production of gluinos with
RPV decays into 3 quarks (acceptance varies from
0.25% for m=250 GeV to 2.6% for m=1500 GeV)

GeV'c?)

—

dN/dm

10°

10
1
10"

102

I R R S T
0 500

* Data
-+ Four-Parameter Background Fit
-*-300 GeV/c? Gluino Model

1800250 300 350 400 450
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P T
1000
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200
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£ GMS Preliminary
Simulation,\'s = 7 TeV
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o

O

Ll
200

[ B L |
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c)
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Three-jet Resonances

EXO-11-060

Searching for pair production of massive colored particles

decaying into 3 jets

Search performed in the triplet mass spectrum using the jet € 10;:' |

ensemble technique
Event selection:
« =26 jets with |n|<3.0, p,>70 GeV and H >900 GeV

6 leading jets combined into all possible unique triplet
combinations — 20 combinations

3
Mj; < Ylprli— & (=160 GeV |
i=1

Benchmark model: pair production of gluinos with
RPV decays into 3 quarks (acceptance varies from
0.25% for m=250 GeV to 2.6% for m=1500 GeV)

Measured triplet mass spectrum smoothly falling —
No evidence for new particle production

Observed 95% CL exclusion 280<m<460 GeV
extends the previous CMS exclusion 200<m<280
GeV

95% CL Limit o x B (pb)

10

107

o CMS Preliminary

1800250 300 350 400 450
Triplet Mass (GeV/c?)

-

F | © Data
102k |~ Four-Parameter Background Fit
E | -*-300 GeV/c? Gluino Model

i T SR SN T S SN TN SN NN TR SR SN TR N ST T S
0 500 1000 1500
Triplet Mass (GeV/c?)

rL =50

P \s=7TeV

i = Observed

i == Expected

..... L =10

[ +20

: = reveee = oo o ---- 09(Gluino)
“““““ EEIIIIEII I GNLO(Gluino)

ISOORPREIN A
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Multijets
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Microscopic Black Holes EX0-12-009

» Possible production of microscopic black holes at the LHC is

o ] ngé CMS Preliminary Vs = 8 TeV, 3.7 fb™' a)
one of the spectacular predictions of low-scale quantum gravity g ¢ Maiey N2
« BHs evaporate into many high-p_ final state particles ;10 e =ﬂwb;ie““
(dominated by quarks and gluons at ~75%) 10°F N =20 T M- 5.0 eV o4

----- M, =2.5TeV, Mj'=4.5TeV, n= 2

 Search performed in S_ distribution in different final-state :z:_.
multiplicity bins 8 -
N 1_
St= ) pr (if pr > 50 GeV) + MET (if MET > 50 GeV) e
jeny S, (GeV)

* Main background, QCD multijets, determined from data

« Based on phenomenological observation that the shape of
S, is independent of the final-state multiplicity

CMS Preliminary ys = 8 TeV, 3.7 fb"
Multiplicity, N = 5
® Observed
— Background
Uncertainty
..... Mp=15TeV, MI"=55TeV,n=6
......... Mp =2.0TeV, MI"=5.0TeV, n =4
..... M, =2.5TeV, MJ"=4.5TeV,n =2

c)

Events / 100 GeV
2
[

=y
(=]

[
T

« Shape determined from fit to S_ in signal-free region (N=2)

2

« Background normalization determined for each multiplicity ¢
bin separately in signal-free range 1800<S_<2200 GeV 1ok

 Data consistent with background-only prediction — No _
evidence for production of microscopic black holes 20002500 3000 ‘3500 4000 4500 5'%'0‘01(;550;0
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Microscopic Black Holes (cont'd)

g CMS Preliminary Vs = 8 TeV, 3.7 fb™ g o CMS Preliminary s = 8 TeV, 3.7 fb" ° MOdeI'SpeC|f|C ||m|tS Set on the
° Nonrotating Black Holes | g5 1 parameters of the ADD model
10¢ Teoengrgseson |2 |
A M2 238 Tevns s e * Production of semiclassical black
e S Vi S e I holes with the minimum mass from
Sl ety v o 4.1t0 6.1 TeV for M_<4.5 TeV and
-1 ) r . .
107 _ i n<6 excluded at 95% CL (these limits
B ‘ 45 BlackMax extend those from 2011 data)
10 E_ | =—e= Nonrotating .
i [ .= Rotating  BH production and decay patterns
A= . ar Rotating { d [ tum loss) . . g
O ) E e o] have a significant model dependence
4 4.5 5 55 6 6.5 -5 5 5 4 4.5 . .
Mg (TeV) My (TeV) — Impractical to scan the entire
parameter space
— — —~ B
EE'G:_ Es_g; E C CMS Preliminary {s = 8 TeV, 3.7 fb"
E554F T T
= r = 56— = F
[Py i Fof o
3 F 3 54 2 F ™
o OF g o 5.4
aof s :
F = 5.2
46 5 -
C - 5
4.4; 4_3; ., L pS
4.0 Charybdis [ Charybdis Ty 4.8 Charybdis T,
““r --=- Rotating v [ -= Rotating e [ -=- Rotating Ty
[ =—e— Nonrotating 4.8~ —e— Nonrotating e [ =—e= Nonrotating
4- Rotating (Yoshino-Rychkov loss) = Rotating (Yoshino-Rychkov loss) 4.6 Rotating (Yoshino-Rychkov loss)
 wa« Rotating, low multiplicity regime [ =« Rotating, low multiplicity regime [ =« Rotating, low multiplicity regime
3.8 ~a- Boiling Remnant (Yoshino-Rychkov loss) A4 g Boiling Remnant (Yoshino-Rychkov loss) I o« Boiling Remnant (Yoshino-Rychkov loss)
B l--v-- Stablle Remnar‘lt (Yoshinlo-Rychkolv loss) | r l--v-- Stalble Remlnant (Y(Tshino-R“ychkov‘loss} | 44— ‘--v-- StaFle Remlnant {Yclrshino-R‘lychkovlloss) |
3.6I1.5I L1 I2 L1 I2.5I L1 3 | - I3.5I | 4 1 42I15I L1 I2 L1l I2.5I L1 I3 L1 \3.5\ L \4I L1 I4.5I \1.5\ L1 \2 L1l I2.5\ L1 I3 L1l I3.5I L1 Iql L1 I4.5I
M, (TeV) Mp (TeV) Mp (TeV)
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Microscopic Black Holes (cont'd

H
H]
]
2
H
g
g
3

;E CMS Preliminary Vs = 8 TeV, 3.7 fb™ a) ::é r CMS Preliminary ys = 8 TeV, 3.7 fb” b) ;é.: CMS Preliminary s = 8 TeV, 3.7 fb" c) Genenc,
X Multiplicity, N> 3 X Multiplicity, N> 4 X Multiplicity, N> 5
£, E —— Observed E. [ —— Observed E. F —— Observed m Od el-
@ b === Expected+ 1o @ b s Expected+ 1o o b === Expected= 1o .
e[ N e Expected + 26 N T Expected 26 N Expected = 26 18] d e pe n d e nt
% SN — — Observed, 2011 data % 4 — — Observed, 2011 data % y — — Observed, 2011 data . .
10 3 \ — - Expected, 2011 data 1 = \ — - Expected, 2011 data 10 3 \ — - Expected, 2011 data “m |tS
2 2L 2
10 2012,37 1", 8Tev| g 012,371, 8Tev| '° 8 2012,3.71b", 8 TeV
r C N\ C
107 o 10° 107
= e e E — [ = T T g ——r
L 2011, 4.7 b, 7 TeV L 2011, 4.7 fo', 7 TeV L 2011, 4.7 o, 7 TeV
10-4 1 1 | 1 1 1 1 | 1 1 1 | Il 1 1 | 10*4 1 Il | 1 1 1 Il | 1 1 1 Il | 1 1 1 1 | 10-4 1 Il | 1 1 1 Il | 1 1 1 Il | 1 1 1 1 |
2000 3000 4000 ~ 5000 2000 3000 4000 ~500C 2000 3000 4000 ~ 5000
S/ (GeVv) S/ (Gev) S/ (Gev)
ﬁ CMS Preliminary Vs = 8 TeV, 3.7 fb d) ﬁ CMS Preliminary Vs = 8 TeV, 3.7 b e) :'é CMS Preliminary Vs = 8 TeV, 3.7 fb f)
< r < r < r
A Multiplicity, N> 6 AR Multiplicity, N> 7 A Multiplicity, N> 8
g, F = (Observed g, E = (Observed g, F = Observed
°F @ Expected + 1o o b @ Expected £ 1o o b @ Expected + 1o
- L e Expected + 26 - L e Expected + 26 - L e Expected £ 26
% y — — Observed, 2011 data % P — — Observed, 2011 data ‘% » — — Observed, 2011 data
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Summary and Outlook

e Hadronic final states are a fertile environment for searches for new
physics

e CMS has a rich program of searches in hadronic final states

« So far, no significant deviations from SM predictions found —
Stringent limits set on several benchmark models of new physics
(some of the set limits are model-independent)

* Focus steadily switching from 7 TeV to 8 TeV data

 Early 8 TeV analyses produce more stringent limits with less data than
7/ TeV analyses (due to increased production cross sections)

» Atthe end of 2012 run, expect at least 3 times more data (probably
more) than in 2011

All approved results and documentation linked from:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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CMS Detector

The Compact Muon Solenoid (CMS)

SUPERCONDUCTING CALORIMETERS
COIL ECAL Scintillating PoWO, HCAL Plastic scintillator
Crystals : copper
= ;’},__-::,‘ E sandwich
Total weight : 12,500 t / 2 i
Overall diameter : 15 m /4 ~J
Overall length : 21.6 m N
Magnetic field : 4 Tesla

TRACKERSs
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ENDCAPS
\IEEEN
1A EEEN
il EEEN
e
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1A EEEN K —
iaEEmEnN =
tHH
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Silicon Microstrips S
Pixels T strips
Drift Tube Resistive Plate Cathode Strip Chambers (CSC)
Chambers (DT) Chambers (RPC) Resistive Plate Chambers ( RPC)
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CMS Detector
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Jet Reconstruction in CMS

CMS preliminary {s=8TeV
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Jet Reconstruction in CMS (cont'd)

Vs =8 TeV

CMS preliminary, L = 1.6 fb

CMS preliminary, L = 1.6 fb

Vs =8 TeV
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Jet Energy Corrections
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Jet Energy Correction Factor
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Jet p. Resolution

\s=7 TeV, L=35.9 pb' CMS
5 total systematic uncertainty ~ CalodJets
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Dijet Resonances

(CMS dijet mass resolution (wide jets): )
Model Name | X | Color JT r/(2M) Chan qaq -
Excitec.i Quark | q* Tr%plet 1/ 3+ 0.02 qg o 131 10018
E¢ Diquark | D | Triplet | 0 0.004 qq M /M[GeV]
Axigluon A | Octet 1* 0.05 qq 8% (M = 0 0 _
~ =0.5TeV),~ 4% (M =25 TeV
Coloron C | Octet 1” 0.05 qq ol V) ol V)
RS Graviton | G | Singlet | 2* 0.01 qq. g8 q9 -
Heavy W W’ | Singlet | 17 0.01 qq o 156 0027
Heavy Z Z' | Singlet | 1° 0.01 Qq M\ /M[GeV]
String S | mixed | mixed | 0.003 - 0.037 | qg, 99, g8 ~ 10% (M = 0.5 TeV), ~ 6% (M = 2.5 TeV)
99 -
( N\ — A " _ | o 2.09
F(cos6*) = d&/d cos6 arXiv:1110.5302 IRy =y +0.015
o FEy diquark, color octet scalars: F'(cos0*) = const. VMlGeV]
o excited quark: F'(cosf*) ~ 1 + cos@*, which becomes F(|cos*|) = const.|| ~ 11% (M = 0.5 TeV), = 6% (M =2.5 Tev))

(odd in cos 6*).

axigluon, coloron, W', Z': F(cos8*) ~ 1 + cos? 6*.

RS gravitons: F(g9 = G — qq) = F(qq = G — gg) ~ 1 — cos* 6%,
Flgg — G — gg) ~ 1+ 6cos?8* + cos*0*, and F(qqg — G — qq) ~
1 — 3cos?* + 4 cos? 6*

J
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Dijet Resonances (2011)

CMS Experiment at LHC, CERN

Data recorded: Sun Jun 26 00:07:14 2011 EDT CMS Experiment at LHC, CERN
Run.’l_Event: 167746 ( 385009283 Data recorded: Sun Jun 26 00:07:14 2011 EDT
invariant mass = 4012.93 Run/Event: 167746 / 385009283
invariant mass = 4012.93
pt=908.10
eta =-0.289
phi = 2.087
mass = 34.5
pt = 866.86
eta =-0.071
phi=2.219
mass = 35.7
II
i
pt=61.53
eta = 0.524
phi =-0.996
mass = 4.5

pt =1706.16
eta = 0.372
phi = -0.981
mass = 28.5

[Highest dijet mass event (~4 TeV)]
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Dijet Resonances (2012)

CMS Experiment at LHC, CERN

Data recorded: Sat May 26 13:25:28 2012 CEST
Run/Event: 195016 / 425646417

Lumi section: 384

CMS Experiment at LHC, CERN

Data recorded: Sat May 26 13:25:29 2012 CEST
Run/Event: 195016 | 425646417

Lumi section: 384

[ Highest dijet mass event (~4.5 TeV)]
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b-tagging Algorithms in CMS

udsg jet efficiency
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Microscopic Black Holes

CMS Experiment at LHC, CERN

Dala recorded: Fri May 18 15:39:35 2012 CEST
Run/Event: 194424 | 468904706

- Lumi section: 325

CMS Experiment at LHC, CERN

Data recorded: Fri May 18 15:39:35 2012 CEST

Run/Event: 194424 | 468904706

Lumi section: 325 3

[8-jet event (S,=3 TeV)]
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