


WE SEARCHED FOR A LOT OF THINGS

LQ1, B=0.5

C M S EXOTlCA 95% CL EXCLUSION LiMITs (TEV)  1&0-8=12

g (ag), dijet

q*, dijet pair
q*, boosted Z
e, N=2TeV
u, A=2TeV

Z'SSM (ee, py)

Z'SSM (11)

Z’ (tt hadronic) width=1.2%
Z’ (dijet)

Z’ (it lep+jet) width=1.2%
Z'SSM (Il) fob=0.2

LQ2, B=0.5

LQ2, B=1.0

LQ3 (bv), Q=%1/3, p=0.0

LQ3 (b1), Q=+2/3 or +4/3, B=1.0
stop (b1)

b’ — tW, (3, 2)) + b-jet

q’, b’/t’ degenerate, Vtb=1
b’ = tW, I+jets

B’ — bZ (100%)

T — tZ (100%)

t' = bW (100%), I+jets

t' = bW (100%), I+

LeptoQuarks s

Generation

Large ED (ADD) . monopet < £,
Large ED (ADD) : monophoton < E,
Large ED (ADD) : dphoton & dilepton, m_
UED ciphokon » E, |,
S'Z, ED : dilepton, m
RS1 : dilepton, m
RS1: WW resonance, m,

Buk RS - ZZ resonance, m

RS g~ t (BR=0.925) : tf —» Isjots m
ADD BH M, IM,=3) : SS dimuon, N, .0

ADD BN\M 'J 3) : teptons « jots. Lp

Ouam.m tl.v_k hole : djet, F (m, ‘
QG CoMact nteracton  § m )
Qi Cl: o0 & up h
uwutt Cl :SS déoplon « pots « £,

ATLAS Exotics Searches*
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9, moss
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M, (56)

A M, (5+6)
AW

1 A(C#1)

M, (HLZ 553, NLO) ATLAS

~019)

- 95% CL Lower Limits (Status: May 2013)
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fs=78TeVv

A (construcive ot )

G (dijet) Z'(SSM) - m,_, SSe 7 mass
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MD, monojet, nED = 3
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MD, mono-y, nED = 3
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MBH, Quantum BH, MD=3TeV, nED = 2

E6 diquarks (qq)
Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

Excited b quark : Wt resonance, m_
Excited leptons - by rescrance, m
Techni-hadrons (LSTC) : glepton,m___
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Magor. neutr. (LRSM. no mixing) - 2-ep + po;s

Heavy opton N' (type i seesaw) - Z- rescnance, m,,
H (DY prod, BR(H "—l)=1): S5 oo (uu) m

Color octet scalar - dijet resonance. m

Muls-charged particies (DY prod.) : highly ionzing lu;.lu

BRG b" mass feftdanded couplng )

1" mass (A » md"))

P oo, mass (op feo ) - mie ) = M)

P, mass (mip. ) = mix,) « m,. mia )~ 1. 1mip ))
N mass (m(W_) = 2 TeV)

N' mass (V| = 0.055, [V | = 0.063, [V | = 0)

BT mass (et ot 358 GeV for pp)
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gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
neutralino, ct<50cm
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& Black Holes

mass (| » &e)
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u a o esu s n a e MSUGRA/CMSSM 1eu 3-6jets  Yes 203 any m(g) ATLAS-CONF-2013-062
MSUGRA/CMSSM 0 7-10jets  Yes  20.3 any m(g) ATLAS-CONF-2013-054
o 0 26jets  Yes 203 4 ATLAS-CONF-2013-047
. 2 0 26jets  Yes 203 ATLAS-CONF-2013-047
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= % gg*qqqqt’[(lt’)hh 2e,u(SS) 3jets  Yes 207 m(F})<650 GeV ATLAS-CONF-2013-007

' GMSB (7 NLSP) 2eu 2-4jets  Yes 4.7 tang<15 1208.4688
V~wi . % GMSB (7 NLSP) 127  02jets Yes 207 tang >18 ATLAS-CONF-2013-026

l ] S GGM (bino NLSP) 2y 0 Yes 4.8 m(F})>50 GeV 1209.0753
'L , . |'| D 2  GGM (wino NLSP) Teu+y 0 Yes 48 m(E)>50 GeV ATLAS-CONF-2012-144

i~ A = GGM (higgsino-bino NLSP) ¥ 1b Yes 48 m(i)>220 GeV 1211.1167
Wit W GGM (higgsino NLSP) 2e,u(Z) O03jets  Yes 5.8 m(F)>200 GeV ATLAS-CONF-2012-152
o'~ wi' Gravitino LSP 0 mono-jet  Yes 10.5 m(2)>10"* eV ATLAS-CONF-2012-147
Uk lind 1) S35 g—»bbxol 0 3b Yes 201 |& 1.2 TeV m(P2)<600 GeV ATLAS-CONF-2013-061
e ‘!.’,g E- i 0 7-10jets  Yes 203 |& 1.14 TeV m(F}) <200GeV ATLAS-CONF-2013-054
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LR 5g Hii(heavy), Bl 1epu 1b Yes 207 |& 200-610 GeV. mE2)=0GeV ATLAS-CONF-2013-037
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-
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- ° Xl)(zH@Lvt’Lt’(vv) VL) Bepu 0 Yes 207 | 600 GeV m(Ei)=m(F3), m(F3)=0, m( 5(m(T5)+m(E)) ATLAS-CONF-2013-035
bes .y BBR-w 28 3eu 0 Yes 207 |iGA, 315 GeV m(F})=m(¥3), m(¥9)=0, sleptons decoupled | ATLAS-CONF-2013-035
- I

, . W , —- > Direct ¥1 ¥7 prod., long-lived ¥5 0 1jet  Yes 47 1<r(¥})<10ns 12102852
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SO FAR WE FOUND A RESONANCE
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COULD THERE BE MORE?

Al
e Sure... Why not? 0'5‘=MW /
- D sin%oet, PO, AL AZS /,«'

; r: / /
Y 7 Z

e Strong bounds from EW precision physics 05 o o5

® But we know from pre-LHC results that they
should/could to be heavier than O(1 TeV)

® Not seen in previous experiments (e.q,

Tevatron)
U=0

® ... and/or have to come with SM-like features =

® no sign of NP in B/D/K physics pushed flavor-
violating NP to PeV scale

NP scale A (Te

® cven assuming (Nexto-to-)Minimal Flavor
Violation, the bounds do not generically relax
below the TeV




THE EXPERIMENTAL CHALLENGE

® [For masses above 1 TeV, new resonances would decay to high-pT particles

® [Experimentally, the high pT
regime is different than what
expiated for Higgs physics

trigger paths

L

mJy

B, — '

v

il low p_ double muon
high P, double muon

Events per 10 MeV
=

Z

® Electrons mainly measured ™'
by calorimeter (not tracker) ™%

10 =

® Muons have large pT 13
uncertainties 10" 2
: ; 1'0 _ 1'02
® Jets not necessarily come from dimuon mass [GeV]

QCD (quarks and gluons)

® Dedicated reconstruction technigues in place, optimized to keep
good performances at large-pT

® The peculiarity of ATLAS in CMS is the excellent performances in
a large range of pT (~1 GeV to ~1 TeV)

=)



HIGH-PT

Muon momenta are measured

through the bending in the magnetic |

flelds

The bending is reduced at large
muon momenta

For high-pT muons, the precision
deteriorates

Unlike for W/Z/top/H, muon final
states are not the golden channel for
very-high-pT physics

Despite the resolution, high-pT
muons are an excellent discovery
tool

MUONS

CMS Experiment at LHC, CERN

CMS Data recorded: Sun Jul 22 06:02:46 2012 GMT-4
A. §| Run/Event: 199409 / 676990060
X §| Lumisection: 553
| /
l‘ III
l f/
Muon0,
pt= 897.88l
ﬁ‘ eta =0.518
d N phl = 1.095 |
Miont [ N/
pt=882.75| |
eta = 0.988 \
. phi = -2.065 o~
/
' /
O ~ p1/(gBL
o/PT ~ P1/(qBL)



HIGH-PT ELECTRONS

® Electron momenta are

measured In the tracker and In
the calorimeter

The resolution of the
calorimeter improves with
energy, giving a better S vs B
discrimination above 1 TeV

Electrons (and photons) are
excellent tools to search for
davy resonances and measure
their masses

CMS Experiment at LHC, CERN

Data recorded: Sun Jul 15 03:34:01 2012 CEST
RunvEvent: 198969 / 1188478742

Lumi section: 1021

'/ N
/ Electron 0,
[ pt = 882.81
eta = 0.611
I - phi = -0.207
Electron 1, \"“‘-\
pt = 881.11 \
eta = 0.372 \ /
phi = 2.929 \ /
N ) /




HIGH-PT ELECTRONS

® Electron momenta are
measured In the tracker and In
the calorimeter

® [he resolution of the
calorimeter improves with
energy, giving a better S vs B
discrimination above 1 TeV

® Electrons (and photons) are
excellent tools to search for
davy resonances and measure
their masses

0.05
%

o 0.045 F

0.04 Ht:
0.035 FH*

0.03
0.025 |
0.02
0.015 %

0.01 ")
0.005 |-

. s - ——
EM calorimeters at the LHC =
C. Lippmann - 2010
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JETS BEYOND QUARKS&GLUONS
® High-pT top/W/H/Z can be

noosted enough for the final-state

jets to merge Into a single jet ' ‘.

® [hese |ets are special: particles

cluster in multiple “poles” in (n,®) ‘

— et substructure

® Jet reconstruction to be pushed
to the next level

® QCD multijet background ‘ v

Decomes an issue for more than
just hadronic searches




EXAMPLES OF RESONANCE SEARCHES
® Scarch for XVV resonances (V=W/Z)

® [ully-hadronic final states and substructure

® But also final states with leptons

® Ditop, dilepton and dijet resonance searches

DISCLAIMER:

® | mainly show CMS results

® | also show some ATLAS result for comparison (which you saw this
morning already)

® \WVhen | don’t show ATLAS results, | am not implying that they don't
exist. | was just lazy...

10
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PRECISION F’HYSIBS WITH JETS

® QCD physics at the LHC is Tovis NS |/ e Bireh, Cmsﬂ-ng
precision physics AA Z 1ns Chp |

e Multijet NLO calculations in event

/ e K* ' ~-‘-"’“ e -0 05ns 0. 2ns

' (deﬁhe to be t= 0)\

N

e Solid jet definition

Raw SE <2 TeV | -
14 jetS with E;>420 g | ' ;; \\\
Estimated PU~50 g ; TR \§=;"_._ N

e Handling of pileup

CIMS' L'=‘3Ill pb' - \f§=7 TeV
. : >0 " e lyl<0.5 (x3125)
® During LHC run [, intense 5310 o 0.5<lyl<1 (x625
= A0 = 1<lyl<1.5 (x125)
program of measurements CRNAZN o 1.5<lyl<2 (x25)
107 ‘ v 24yl<2.5 (x5)
G S, a 2.5<lyl<3
. b ' ' ' - :
“Validated” the tools describing jet g:gﬁ Mt
physics (e.g., event generators and % 10* N
detector simulation) 10
10°
. 10 (PDF4LHC) \
e Set the basis to search for New 1k [ Exp. uncertainty
Physics with jets VL A Re05 RUR N
20 30 100 200 1000

12 p. (GeV)



JETS OF WHAT?

e \What if your HCAL is not that great? Physics at
rescue

60% of the jet is made of charged hadrons

a largely fraction of the neutral hadrons is pions,
which decay to photon pairs before your HCAL

® (One canthen

reconstruct individual hadrons, matching tracks
to their energy deposit (the good pT resolution
compensated for the bad energy resolution of
the HCAL)

use the ECAL to reconstruct the energy deposit
there

Live with the poor resolution on neutral hadrons
(e.g., neutrons, KL, etc)

13
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o o

Mean Fraction of Jet Energy
o

0.2

-
N

CMS Preliminary 2010 Anti-k; R=0.5

Corr

-\s=7TeV,DATA(6.2nb") Py >25GeVic

S

T

photon

charged
hadron



PARTICLE FLOW

® Combine the information from all detectors to reconstruct single
particles

® Provides lists of particles (e,u,y, charged and neutral hadrons)

® Improves HCAL resolution with tracker

° p
CMS Preliminary | Barrel Replace he HCAL
45— granularity with tracker
0.4 ;_ ........... ....... ...... o comecied Caiodes | ..... granularly (|mportaﬂt er

0.35 -\ .......... ....... ,,,,,, R o

. i | —«— Particle-Flow Jets P Jet SUbStrUCture)

0.3 ;_ TP S VP S ..................... e ey o O S

O<hi<15 : 2

0.2+ I

® [he final result is a list of
particles, similar to a
generator-level study

10° Particle Flow converges
P. to a calorimetric
measurement at high pT

Jet-Energy Resolution

0.15 iy T

005 ff-rio ittt s R

Factor 2
improvement

at low pT 14



THE PILEUP F’REIBLEM

® Pileup is particularly problematic for R R
jets X '.

® particles from different vertices

overlap in the calorimeter area . SRS S S ’ J‘
® the jest are then to be found on

top of a diffuse noise from 4

additional collisions BT AN

® [hese collisions are typically soft
(a high-pt collision is a rare event)

® Several methods put in place to limit
the impact of pileup on the jet
reconstruction (charge hadron
subtraction, jet vertex fraction, jet
area subtraction, ...)

15



A SPECIAL KIND OF JET

e \\////H/top can decay to fully hadronic

final states

® [or large enough pr, the decay

products might merge into a single jet

® [hese |ets are special, as their
properties (e.g., the mass) are not
those of a QCD jet

16
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CMS Simulation
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# —

c CMS HIG-13-008 —— SM Higgs, m = 600 GeV

= FH=2WW= lqu --- ungroomed jet mass

> i
(qv) _ —L —— WaJets, MadGraph+Pythia6 |
—

H -

O 02 ] ----- ungroomed jet mass |
2

(V]

0.1

N L ! ! ! | | -" P
0 20 100 - 130
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JET GROOMING

® Care is needed in defining the “right” mass

® the plain mass for a jet from a colourless

object (W/Z/H) peaks in the right spot  *.,

e for a QCD jet, the mass depends on the
jet pr (i.e. it is NOT the right mass) -,

® [he “right” mass comes from grooming
(removal of soft and collinear radiation +

pileup)

X4
X4

X4

%))
=
-
>
o
.
et
@)
—

o
L d
4\

LOW BOOST

Il

A 3

® Several techniques proposed and ad data
opted for data by ATLAS & CMS

® |Vlore than the mass: the jet constituents
have multipole distribution (due to the
number of partons starting the showering)

17
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MORE THAN QQCD JETS
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JetDisplay
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SUBSTRUCTURE VARIABLES

® One wants to separate a multi-prong from a single-prong angular
distribution of the decay products around the jet axis

® Scveral variables “on the market” to exploit this difference (see for

instance CMS and ATLAS papers)

® A few lessons learned
® the jet mass cut does much of the job

® the higher the pr, the smaller the QCD
background. Better use substructure as
an event classifier, not to loose efficiency

® |[n CMS, Particle Flow is important here
(despite the high-pt regime). Angular
resolution matters, and tracker is better for
that
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https://cds.cern.ch/record/1577417/files/JME-13-006-pas.pdf

JET N-SUBJETTINESS

® N-subjettiness is smaller if the
constituents of a jet can be arranged in  ty=
N subjets

® One can use the variable to test
different hypotheses (e.g. V vs top vs
QCD jet)

® |n real life, ratios are particularly useful
to categorize events (High purity vs
Low Purity) after a mass cut on the jet is
applied

e Correlation with jet mass and PU effects
tend to reduce the discrimination power

® Polarization also matters (e.qg.
separation more effective for V| than V)
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A DOUBLE-TAG EVENT

CMS Experiment at LHC, CERN

Data recorded: Sat Sep 24 12:58:42 2011 EDT

Run/Event: 177074 / 1171400298
invariant mass = 1044.56

CMS Experiment at LHC, CERN

Data recorded: Sat Sep 24 12:58:42 2011 EDT

Run/Event: 177074 / 1171400298
invariant mass = 1044.56
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pt=226.18
eta=0.758
phi =-2.450
mass = 13.69

pt=272.23
eta = 0.536
phi=0.888
mass = 13.86

pt=164.72
eta=0.723
phi = 0.598
mass = 7.49

pt = 253.26
eta = 1.085
phi = -2.402
mass = 22.37
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VALIDATION WITH DATA

boosted tt reconstructed as one b-Jet+1lepton recoiling against one bjet
and one jet (the W candidate)

Peak in the jet mass: we are seeing boosted Ws
Study substructure variables data vs MC

MC get substructure quite right (~5% systematic on predicted efficiency)

00 CMS Preliminary. 19.5 fb'1 at G =8 TeV, W- uyv DB C'T‘S P."al,“'“.wtavryv‘e-s :b. - .t.(li ?T'OYW )Ietg - > 220 T T T T T T T T | T T T T T ]
> 1] TP 7 | LRI LI L LI I LI 1] | LB ] L L l T A E : | -
s | CAR=08 . () - ]
i Single Top 2 700 p,> ‘200 GeV 40w Dz‘-"" 4 & 200 ATLAS _ _ o =
- ; Infe2.4 1 « - HEPTopTagger jets with R=1.5, default filtering -
. B00F- 0 <m <130 Gev Ds"“ wop .““""’"H 1 - 180 4 =
00 1 @ :det=4.7fb,\@=7TeV
i 500F W —dpomen 2 160 B
i 400 1 melnko MC Stat + Sys _‘: g 140:_ +Data2011 —:
00 % o - -
: 300 R 4 8 1205 t -
i 200 f;‘ e 1 N 1 = 100F W+jets -
200 LL’,. 5 C :
! 100 L‘:\g 3 80 Z+jets =
3 ' - : - ]
i 0 B e — (%0, . ] 60 - Single Top =
100 E 2 [ U 40 ]
i 2i1s — il = l ' - .
- P AT b 20F- =
— O 0 5 N:‘. ‘;‘_'-Jﬁ_’_" O : 1 1 1 1 | ™Y 1 1 1 | 1 1 .
40 50 60 70 80 90 100 110 120 130 SE T
pruned jet mass (GeV) 01 02 03 04 05 06 07 08 08 1 0 >0 100 . 150
1,/x, W candidate mass [GeV]

CMS-PAS-JME-13-006 == ATLAS arXiv 1306.4945



THEORY “0OUTREACH?”

® Ve spent some time to provide the information to reinterpret these
results in specific models

® You have to generate resonance production w/o detector effects (run
Madgraph/Pythia/...) and decay to VV

® \\e provide the efficiency vs the boson pT and n for leptonic and
hadronic final states (including the cross-tfeed background fot leptons
from T decays). Efficiency quoted for V. and reduced by 15% for V7

Vs =8 TeV CMS Slmulatlon Vs =8 TeV

CMS S|mulat|on CMS S|mulat|on Vs =8 TeV

Generator p [GeV]

Generator p [GeV]
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RESULTS WITH 8TEV DATA

800 1000

CMS L=19.7fb " at {s=8TeV
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RESULTS WITH 8TEV DATA

® | imits derived for generic masses and relative widths

® Provided (in paper Appendix) the details on how to derive these
results with the provided “outreach” information (look for “Simplified

limits)
CMS L=19.7fb" at (s =8 TeV CMS L=19.7fb" at (s =8 TeV
0.4 ' I250 § 0.4 ' 3
t t
0.35 = 0.35 =
o O
— 200
0.3 2 0.3 2
O K@)
%< 0.25 o %< 0.25 ()
> —150 "Es' > 'ES'
> 0.2 T 0.2 ge]
L<>< 8 qu 8
0.15 105 015 =
X X
()] o
50 % §
0.05 pr 0.05 =’
0 0
1000 1500 2000 2500 1000 1500 2000 2500
M, [GeV] M, [GeV]

2> http://arxiv.org/abs/1405.3447
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HIGH-PT MLII:INS

106 T T T T T |

> 5

Muon momenta are measured 5 CMESPSZ?FW’”GV’”'Gm E

. . x c 1Z—p'w =

through the bending in the magnetic & ¢ B o, oo, ww, Wz, 22w

flelds 102 [ ] jets (data) E;

10E =

1 E

The bending is reduced at large o e
muon momenta 10°F HHWH n

10" 56" 700 200 300 400 1000 2000

m(u*w) [GeV]

For high-pT muons, the precision

deterlorates é 6 | AITLASI Pr;alirrllin:ar; ; . Datla2012 | ?
o 10 Z’ — uu Search )z EE

10° L dt = 20 fb" Eg - =

E . 10 Vs =8 TeV Z/(1500 GeV E:
Unlike the case of measurements with 123 e VO
W/Z[top/H, muon final states are not : E
the golden channel for this physics oE E
1 =

10'125 :

Despite the resolution, high-pT O . Sl
muons are an excellent discovery tool = ;EW +r :

100 200 300 400 0'00 2000 3000 -
m,, [GeV]
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HIGH-PT ELECTRONS

® Electron momenta are

measured In the tracker and In
the calorimeter

The resolution of the
calorimeter improves with
energy, giving a better S vs B
discrimination above 1 TeV

Electrons (and photons) are
excellent tools to search for
davy resonances and measure
their masses
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DILEPTON SEARCH
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DILEPTON SEARCH

® Despite what it might look like, no contradiction here

® Same limit at ~ 1800 GeV
® (CMS expected a better limit, but sees a ~2s excess
® ATLAS did not expect to exclude below the observed limit

104, \ \ \ — 10%;
103 theoretically CMS 10°:  theoretic ally ATLAS
102 exch;ded Ag =1 102 exch.lded Ag =i

10", 10",

10, 10°;

107" 1071

o(pp - V) [pb]

1072,

10 103
4 [ | | | ~;~:§ - i 4t | | | - ]
10 0 1000 2000 3000 4000 10 0 1000 2000 3000 4000
My [GeV] My [GeV]
— V0t V* > tb
— V'>1 — VEs [y
V*s W*Z - 31"y VEs WHZ > j
- .. - 0 _ n n
— oW Vo WW o bad http://arxiv.org/abs/arXiv:1402.4431
-= pp- 744 — pp—> V*
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DIJET SEARCH
® [he fastest search at a hadron collider

® Parameterize the QCD dijet mass spectrum
® | ook for a bump on the falling spectrum

® Main challenge from trigger

® High-pT jets in the final state

— 10 [!I ™7 T r ™Y l Trr T ] TIrro l TrTr ]’ ™ rT I YYYYYYYYYYYY 11 *CL) 9 ' ' %
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DIJET SEAREH

® [he fastest search at a hadron collldera . +8 Resonance

\s=8TeV,L=1961b’
ml<25,]an <13
v

—ch
o

® NO excess observe

—A

® Result interpreted as 95% exclusion on
narrow resonances

.
<
n

i
—c— Observed 95% CLUpper Limit *.  SCSSISI
-----

Cross Section x B x A
= 3

= .= Expectied 95% CL Upper Limit

4 Expected Limit ¢+ Yo
10 |- D Exee

Expected Limit £ 2c

® Result depends on the final state (qa/qg/gg)

® Also interpretation for broad resonance e o Resonance Mase (GoV)
(available or coming soon) 99
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o x BR x A (pb)

BLIND SPOTS

® Hadronic searches are limited by trigger & disk space
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oxB(X—jj)xA [pb]

we cannot keep all the events with jets (as almost any event has jets)
Loose triggers are used at low-peak luminosity
When luminosity increases, the triggers become tighter

Combinatoric makes the peak reconstruction more complicated
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BLIND SPOTS

® Hadronic searches are limited by trigger & disk space

® e cannot keep all the events with jets (as almost any event has jets)
® | oose triggers are used at low-peak luminosity
® \Vhen luminosity increases, the triggers become tighter
® (Combinatoric makes the peak reconstruction more complicated
25 [ 1 ﬁ L L :: Y 4 ]
N :
20 “ | ‘ :
15~ .« X ]
[ S
- [
>0 :
10 - -
: . :
05 : CMS 20 fb ]
i http://arxiv.org/pdf/1306.2629.pdf ]
0.0 i ! ! ! ! \ ! ! ! ! \ ! ! ! ! \ ! ! ! ! \ ! ! ! ! \ ! !
0 500 1000 1500 2000 2500
Mgz, (GeV)
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BLIND SPOTS

® Hadronic searches are limited by trigger & disk space

we cannot keep all the events with jets (as almost any event has jets)
Loose triggers are used at low-peak luminosity

When luminosity increases, the triggers become tighter
Combinatoric makes the peak reconstruction more complicated

7 0.003 400 ~ 200
7 1 900 ¥ 1
7 S 1000 & 1
8 3 1000 ~ 0.6

Unexplored territory left behind with increasing luminosity

36



STANDARD DATA TAKING

® The moment we drop the event, we know everything about it (jet momenta,
MET, maybe lepton momenta) with a coarser precision than offline (faster
reconstruction —less precise reconstruction)

® \When we access the event for analysis, sometimes we need a small part of
this information (e.g., dijet search only needs dijet 4momenta)

GeV  Keep full

I Smgleiet/Duet > - Make jets ! ; > event
- Compute dijet mass for analysis

I MuOéen > (~ 100
m;<750 GeV MB/event)

Drop event
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DATA SCOUTING

® \\Ne don't save events because we cannot write them on disk
® \\Ve write on disk more event information that we (sometimes) need

® Keep ALL the events, with a small customised data format (only jet
4Amomenta). O(10 kb/event), can save several 1kHz of data

I:>

m;;>750
GeV  Keep full

I Smgleiet/Duet > - Make jets ! ; > event
- Compute dijet mass for analysis

I MuOéen > ("“ 100
| m;j<750 GeV MB/event)

Write the 4momenta of the
reconstructed objects (~ |0kB/event)



THE DIJET DATA SCOUTING

T T T

< | ] —
% 102§ —e— CMS Preliminary (0.13 fb™) = .8_ R S s
% 10 £ | Fit - — 10°E
£ : S QCD Pythi - <
= s I ythia . 4 r
E = Jet Energy Scale Uncertainty = CD """"""""""
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S 10 X 10%E
c -
2 O
10 —
O
4 @
107 E N E el TTTRR
. (73] —
107 = g i
- i\ 2.5, jAn| —
107 Widg Je tll SCOUtmg approaCh eXtended O  TE 9s% cLupper Limit CMS Preliminary (0.13 fb™) =
- the dijet search below 1 TeV o GluonGluon :
cié o F ~  —a— Quark-Gluon 130 Pb-1 I7Tev |
% 0 === Quark-Quark
r:21 : 10_1‘_|||||||||||||||||||||_:
500 1000 1500 2000 _ 2500 3000 600 700 800 900 1000
Dijet Mass (GeV) Resonance Mass (GeV)

16 hour Run at the end of 2011 run (7 TeV)

Collected -4 times the statistics we had in 2010 (35 pb-T) with
equivalent trigger

Improved the limit published in 2010 by one order of magnitude
18 fb-1 results@8TeV to be released soon
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CONCLUSIONS

The search for heavy resonances has been a productive front during
Run |

Ingredients are in place for Run |l
® Nhigh-pT object reconstruction
® Jet substructure

Despite the large pT regime, pileup was an issue (e.qg. for
substructure) and this will be worse. We are getting ready for that

Interesting to look at with first few fb™' (a few 2o excesses around
My~ 1800 GeV)

Keeping open eyes on low-mass regime too (e.g. improving data
scouting)
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TOP TAGGER: TYPEI TOP

CMS-PAS-B2G-12-005
Reconstruct fully hadronic tfop quarks merging 'A
A

Into one jet
Peclu.s’rer in two .s’rages to @ l ° > 6@

Start from CA jet with R=0.8
and pT>400 GeV

identify up to 4 jets 6
subjet pT > 5% jet pT

Remove jets failing
{Adjacency: AR(C1,C2) > 0.4 - 0.0004 pT(C)

requirements and iterate

Apply requirements on jet mass (compatible to mtop)
and minimum subjet pair mass (compatible to W)



TOP TAGGER: TYPEI TOP

Use semileptonic tt events: llep+lb (tag) and 1 CA jet (probe)

Compare the tagging performances data vs MC

CMS Preliminary, Is= 8 TeV, 13.6 f|b-1. . CMS Preliminary, Is =8 TeV, 19.6 fb!

< A L B < ]

% d " Data E % 140F E

G 190 B E G 120 £
= 160 [ W+dets = = -

T 140F []zZ+Jets = = 100:— _

..“E) 120 [ single Top = -."E) 80F . Data -
O 100F —~ O -

> C - > L _ _

W gof = w60 E“ E

- - B W+dets

igf_ E 40:_ []Z+Jets B

o ;_ _; 20 ;_ . Single Top —;

-, L, P 1 1 1 =% oy B SRR TSR R T R R

% 20 40 60 80 100 120 140 % 100 200 300 400 500 600
Minimum Pairwise Mass (GeV/c?) Top Candidate Jet Mass (GeV/c?)
Mmin (W candidate in top jet) top mass (for Mmin>50 GeV)

Data / MC = 0.94%0.03 (Gray area shows the normalization
uncertainty)



TOP TAGGER: TYPEII TOP

CMS-PAS-B2G-12-005
Reconstruct fully hadronic fop quarks as one b
Jet and one merged-W jet

Using V tagger for the W (as described before)

Reconstruct the top adding W 4momentum to a
close jet (no btag applied)

Validate the technique with semileptonic ttbar

CIIVIISIPIr(::IiIn]irImIry, \EI) =8 IT(-|3VI, |19.¢|s fb:‘l CMS Preliminary, \s = 8 TeV, 19.6 fb™
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WHAT WE TOP-TAG

Subjet 1,

pt = 206.00

- eta=-0.203

phi = -1.965

Top jet,

pt = 1090.42
eta = -0.020
phi = -2.082

&

mass = 234.5,

—

| l

CMS Experiment at LHC, CERN /
Data recorded: Wed Aug 15 20:21:18 2012 CEST

Run/Event: 200991 / 5660
Lumi section: 1

Subjet 2,

pt = 562.50
eta =-0.021
phi =-2.101

.
>

Subjet 3,
pt = 270.70
eta = 0.156

- phi=-2.095

\
Y




FuLLY HADRONIC Z’—tt

Consider two event topologies: type-I + type I or type-I + fype -11

=] =g

type |+

Select events by jet-rapidity difference

Study the ditop mass spectrum, looking

type |+2

for a bump on a falling spectrum

CMS Preliminary, \'s = 8 TeV, 19.6 fb'
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WHAT WE MEAN BY JET

® [he concept of a jet Is intuitive

w100 fnJdn vV .Y £V
in/Event: 210353 / 763649864

r00
¢ e

® A qguark or gluon is producead

® |t showers other quarks ana
gluons

® [he quarks hadronize to
hadrons

® Because of momentum
conservation, the hadrons are
close to the original parton

® \Ve then Imagine a |et as a cone around the parton
e But QCD is not geometry

e How many jets do you see?
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WHAT WE MEAN BY JET

® [he concept of a jet Is intuitive

MK CMS Fxpoamhant ot 1*
(M r wcorded M

A quark or gluon is produced -

It showers other quarks and

gluons 3\' - -/’v(

The quarks hadronize to
hadrons

)

A

S

\.

‘ )
Py

Because of momentum "lr 4

conservation, the hadrons are
close to the original parton

® \Ve then Imagine a |et as a cone around the parton

e But QCD is not geometry

e How many jets do you see?
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MORE THAN A CONE

® or some time, cone algorithms were used to reconstruct jets

® This created problems to compute QCD processes (e.g., differential
cross section vs jet pT). The number of reconstructed jets was fragile vs.

soft divergences
® Several solutions proposed in literature

e kT algorithm

e Cambridge-Aachen algorithm

® SISCOﬂe jet jet jet jet jet
o Anti-kKT

soft divergence

(a) (b) (c)
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MORE THAN A CONE

® or some time, cone algorithms were used to reconstruct jets

® This created problems to compute QCD processes (e.g., differential
cross section vs jet pT). The number of reconstructed jets was fragile vs.

soft divergences

. N % Infrared safe
® Several solutions proposed in literature - and cone shape:

the perfect solution
o kT algorithm -

e Cambridge-Aachen algorithm
® 5Siscone
e Anti-kT




JETS OF WHAT?

e Historically, jets are made putting together energy deposits in the calorimeter

e Deposits in ECAL and HCAL are put together into clusters
e clusters are made into jets using a jet algorithm
e (Good technique, as long as

e the calorimeter has the dept to contain the shower
e the energy resolution is good for both ECAL and HCAL (as in ATLAS)

withcut pile-up — 03~ , — . .
E, ~ 81 GeV = ATLAS  Data2010 Vs=7TeV Anti-k, R = 0.6 jets
. Y o EM+JES calibration
2 0.25
§ 201X " ° ly <038
= N 0.2
» E, ~ 58 GeV > 08=<ly <12

gi()

o
o 4
oo,
||| II|IIII|IIII|IIII|IIII|IIII
. )
Q l
Q
||| II|IIII|IIII|IIII|IIII|IIII

0.05— —e— Monte Carlo (PYTHIA)
0 —

X 20 +
SO O SO S R
2 %CEJ o S ::::::}::::::':::::::::::::?::::::::?:::::::.:::::‘.}:::E
ﬁ |~ -20- o E
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CHARGE HADRON SUBTRACTION

® Ve know where charged particles
come from

® \ve can reconstruct vertices
from tracks

® for each track, we know the
vertex it comes from

® [or an event, we know (usually)
which is the “interesting” vertex
(highest associated energy)
which triggered the event

It Is then easier to remove the
charged hadrons from the wrong
vertices, before clustering the jets
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CHARGE HADRON SUBTRACTION

® ATLAS does not use PFJets.
® J[racks vertexing is used to perform CHS a posteriori
e |dentify the tracks inside a jet “cone”
e (Compute the fraction of track momentum coming from the primary vertex

e |fthis number is small, the jet is most likely due to pileup and it is

rejected
> ST
'O ~ | —&— All jots
€_4'5:_ Jot JVF > 0.75
- =~ | —&— Jot JVF < 0.50 =
S 4; . ]
£ E .
electronic ® 3'55 . .
noise o 3t ]
T2.5 —
e E 1
< 2 .
1.5 E
L:
. _ 0.5-
main pile-up oF—L —+— 1 |
vertex vertex 1 2 3 4 5 >=6

53 Reconstructed vertex multiplicity



JET AREA SUBTRACTION

® \When an exact subtraction of PU
contamination is not possible, one can
correct this in average

® measure the average energy deposit
per unit of area p

® measure the jet area A

&
-
N
<

N
o

® Jdetermine the jet pT by subtraction

(sub) 62_: __________
Pist L i 5

® [he concept of a jet area is subject to
definition

arxiv.org/abs/0802.1188
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http://arxiv.org/abs/0802.1188

JET AREA S UBTRAGTION

| HerW|g Pt min = - 50 GeV (IyI<4)
= Herwig ttbar (lyl<4)

® (Once the area is determined, one needs to
estimate the energy density

|J0 A N U S

>
® [or this, one should consider that the list of AR R C0 e
jets clustered in an event is made of Y SEES

Cam/Aéchen, R=0.5

® afew high-pT jets

2 3 4 5 6
Pdirect from Mc [G€V/area]

® a long list of soft jets, coming from

. : » 0.14——————— R
ClUSteHng the PU par“CleS = | ATLAS Simulation Prellmlnary ]
G 0.121 20=<(uy<21 —Npy=6 --Np,=10"]
| _ _ - Npy = 14+« Npy = 18
e Under the assumption of a uniform diffuse g i Dot e Ty

PU contribution Z LOW TopoOiusters
® cach soft jet has energy pA E
® 0 can then be estimated as S
. 15 20" "2"5"['(;:»,3]
. pt . p o€

p = median | < ey _

L4 ) ss http://arxiv.org/abs/0707.1378
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http://arxiv.org/abs/0707.1378

RATE vs DIsK 1/0

® At the beginning of the run, we considered 300 events/sec the
maximum we could get out of the trigger

® |t was suddenly realised that the trigger can handle much more
® [he real problem was after

® cnough disk to write the data to?
Set the limit to 1 kHz, considering
the available disk, and the event
size (O(300 Mb/event) after
reconstruction)

® cnough CPU to process the data
and reconstruct? OK for 2012 (full
2013/2014 shutdown) SROMPT

RECO RECO

® Data parking was introduced
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BEYOND DATA PARKING

® \Ve don't save events because we cannot write them on disk
® \\Ve write on disk more event information that we (sometimes) need

® Keep ALL the events, with a small customised data format (only jet
4momenta). O(10 kb/event), can save several 1kHz of data

® Event reco not as good as
normal

e not all the analyses cannot -HLT L1 L2
be done this way

® \When resolution is not great
(e.g., with jets) this is not a
big Issue

® Can do things we could not _ PROMPT @ DELAYED
S COUTING

do otherwise (i.e., better than ' RECDO RECO
nothing)
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MORE ON SUBSTRUCTURE
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