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New Physics with Dijet Angular Distribution unersiyotiinos

at Chicago

e (Quark Contact Interactions

— For Vs << A, the quark compositeness interaction can be represented as contact
interactions (Cl) terms Eichten, Lane, Peskin, Phys.Rev.Lett. 50 (1983) 811:

qu = 2/\2 (qu qL)(ququ) q q
— A=co -> point like quark ~1/N\?
— N=finite -> substructure of mass scale A g g

* Large Extra Spatial Dimension
— N.Arkani-Hamed, S.Dimopoulos, G.R.Dvali, (ADD) Model

— Problem of large hierarchy between electroweak scale and gravity scale solved

— Standard model particles are confined in 3+1 dimensional subspace and gravity
propagate in all dimensions

— Virtual Kaluza-Klein graviton exchange processes
modify X, distribution

— Two parameterizations: GRW (Giudice, Rattazzi, Wells)
and HLZ (Han, Lykken, Zhang)
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CMS,

~~ Compact Muon Solenoid

Runl Results

UIC

University of lllinois

A at Chicago
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Ana IySiS St rategy University of lllinois

at Chicago

NLO QCD+EWK

Data @ Detector Level Correction, Cl and ADD
Calculations

!

Add non-perturbative effects due to

Unfolding of hadronization and multiple parton
detector effects interactions
‘l NLO QCD+EWK
Data @ Particle Level Correction, Cl, ADD @
Particle Level

/

Comparisons with Theory,
Limit Setting
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CMs,!
Analysis Phase Space uu!c

at Chicago

e Online Selection

— Trigger path based upon the scalar sum of the transverse momenta of the jets

reconstructed by CMS Trigger system. The selection threshold is 800 GeV at
High Level Trigger

— Trigger selection is 100% efficient above 1.9 TeV in M
e Offline Selection
— Good primary vertex

* reconstructed primary vertex near the interaction point
— At least two jets with p; > 30 GeV

— Well understood calorimeter region: y < |2.5]
1 .1

~  Yhoost = E(y1 +y,)<1.11, y =5|y1 -y, <1.39

— 1<)y <16

—  Xgijet 1S calculated in different dijet mass regions: [1.9,2.4],[2.4,3],[3,3.6],
[3.6,4.2],[4.2,4.8],[4.8,13] (TeV)
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| Jet Reconstruction and Jet Energy Correction unesioinos

at Chicago

* Use “anti-k;” clustering algorithm with cone size 0.4

* Jets are reconstructed and identified using particle flow technique, which
utilize an optimal combination of all information of CMS sub-detectors

* Jet Energies are well calibrated and corrected with a multilevel approach:
— Offset: correct for pile up and detector electronic noise
— Relative: correct for eta dependency of jet response
— Absolute: correct the p; for measured jet to match particle level jet p;

Run2015D - Golden - 2.1 fb™ (13 TeV)
TT I| T T T T LI | T I_

5 12—
= - CMS p:a' MPF
HCAL E115F n<1.3, 0<0.350 = == Multijet
Clusters o - Jet ener = —e—y+jet 1
S 11 Y = <zusjet 4  QOverall jet energy
P FIOW o E Scale ----- JES unc. E . .
210sf T 0 m Rin1 - correction uncertainty
ECAL = i varies between 2%
Clusters = 0
&z and 3%
®0.
g
Tracks 0.9 After global fit u
" 2/ NDF = 52.7 / 50
C 1 1 111 I| 1 1 1 1 1111 | 1 I_
0.85 40 100 200 1000 2000

p, (GeV)
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CMS,
Unfolding uuylc

at Chicago

* Data are unfolded to particle level using a 2D Bayes method implemented in
RooUnfold

— Correct the effect of event migrating between M;; and X ;. bins due to finite jet
p; resolution

— Correction determined from a 2D response matrix that maps particle level M;
and X to detector level ones

2D response matrix derived from particle level Pythia8 that were smeared using
double-sided Crystal Ball parameterization of the response that takes into account
full jet energy resolution

* 1% correction for lowest mass bin, 5 % correction for highest mass bin

* Almost no effect on the shape of the dijet angular distribution
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Theory Predictions Universiy of i

at Chicago

* 13 TeV AK4 NLO QCD calculation with EWK correction
— Generated with NLOJET++ 2.0.1
— QCD scale uncertainty from 6 variations of p.and

* 8% effect at lowest mass bin and 13% effect at highest mass bin
— PDF uncertainty from CT14 PDF Set

* 0.15% effect at lowest mass bin and 0.4% effect at highest mass bin

— EWK correction is 5% in highest mass bin S.Dittmaier, A.Huss and C.Speckner,
JHEP 06 (2010) 038

* Leading order Cl + leading order Cl and QCD interference predictions from Pythia8

* Leading order ADD + leading order ADD and QCD interference predictions in GWR
and HLZ conventions from Pythia8

QCD+NewPhysics QCD oCcD QCD+NewPhysics

* O =0y —O0 1O,
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Uncertainties Universy f o
at Chicago
Uncertainty 19 < M; <24TeV | Mj; > 4.8TeV
Statistical 1.6% 49%
Jet energy scale 3.0% 9.5%
Jet energy resolution (core) <1% 2.0%
Jet energy resolution (tails) <1% 2.5%
Unfolding, MC modeling <1% <1%
Unfolding, detector simulation 1.0% 3.0%
Pileup <1% <1%
Total experimental 9.7% 50%
NLO scale (6 variations of g and pr) ig;gi/g 311390/0
PDF (CT14 eigenvectors) 0.15% 0.4%
Non-perturbative corrections (Pythia8 vs. Herwig++) <1% <1%
Total theoretical 7.9% 13%

* Statistical uncertainty dominates at high M,
 Main experimental uncertainty is from jet energy scale uncertainty
* Main theoretical uncertainties are from p, and p; scale variations
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Results

Xd ijet
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* Unfolded data in good agreement with QCD+EW theory prediction
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Chs, 1
Limit Extraction Ulc

University of lllinois
at Chicago

 Testing QCD against QCD+NewPhysics
e Limits extracted using CLs

— CLs calculated using toy-MC experiments

— Shape uncertainties taken into account by varying them as nuisance
parameters in toy-MC experiments

— Statistical uncertainty treated as Poisson distribution around number of
observed events in toy-MC experiments

* Surpass Run1 sensitivity with 2.6 fb!

Observed lower limit (TeV) | Expected lower limit (TeV)
AZLL/RR (LO) 12.1 120+ 1.1
Arr rr (LO) 16.3 153 +24
ADD At (GRW) 9.1 9.0 £ 0.7
ADD Ms (HLZ) ngp =2 9.7 9.6 £ 0.7
ADD Ms (HLZ) ngp =3 10.8 10.7 £ 0.8
ADD Ms (HLZ) ngp =4 9.2 9.0+ 0.7
ADD Ms (HLZ) NED = 5 8.3 8.1+ 0.6
ADD Ms (HLZ) NED = 6 7.7 7.6 £ 0.6
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S u m m a ry University of lllinois

at Chicago

26" (13 TeV)

.. 5 0.35p
* Measurements of dijet angular s ' F —+— paa CMS-EXO-15-009 ¢y
distributions are presented S opsf NLO QCD+EWK prediotion Prodminary
. B = A;, (LO)=10TeV
* Results are in good agreement 8ﬁ o . A, (GRW) =9 TeV
with QCD prediction o 0(1)51'# M, >48Tev
e Limits for Cl and ADD models e ——— — e p— rrereee:
are extracted 015 42< M, <48TeV =
T W*Wﬂuuuuuuuui
— Ay +(LO):12.1 TeV 0.05 = E
_ S 36<M;<4.2TeV _f
— A,- (LO): 16.3 TeV e
— Limit on ADD At (GRW): 9.1 TeV 0.1E 3.0< M; <36 TeV 3
e T ——— DS = - = _:
— Limiton ADD Ms (HLZ): 7.7 Tev  °%E E
(for n —6) 0'1;...@ 24< Mij<3.0TeV =
ED= 0.05f =S
e Search for new physics with o.EH 19< M, <24 TeV =
0.05 * N "3
more data @ LHC Run?2 — i
dijet
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Compact Muon Solenoid

CMS Detector U!c

~13000 tonnes

Total weight
Overall diameter
Overall length
Magnetic field

at Chicago

SILICON TRACKER
Pixels (100 x 150 pm?)
~1m? ~66M channels
Microstrips (80-180um)
~200m? ~9.6M channels
CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)
~76K scintillating PbWO, crystals

PRESHOWER
Silicon strips
~16m? ~137K channels

SUPERCONDUCTING
SOLENOID
Niobium-titanium coil
canying ~18000 A FORWARD

CALORIMETER

Steel + quartz fibres
HADRON CALORIMETER (HCAL) et
: 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
150 m ~7Kk channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
:28.7 m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers
38T
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ATLAS 13 TeV Results UIc

University of lllinois
at Chicaao
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\/S - 13 TeV, 36/ ﬂ:) |:|Theoretical uncertainties
0.02 -
. - Total rtaint
arXiv:1512.01530 - ? Botal uncerines
. . 0.06 ! T
Limits on Cl| 4.0<m <4.6TeV
0.0458
A+ (NLO): 12 TeV Moy gy ey
/\' (NLO): 17 TEV 832"_ —_——— — ——— —
.. i 34<m <40TeV 4 3.1 < 3.4 TeV
Limits on Quantum Black Hole B DR DA | <Myt ten
ADD QBH: 8.3 TeV e e : ?
0.021 | B ]
RS QBH:S.BTeV 006-— _ ; __ —— } _
L 28<m;<3.1TeV I 25<m;<28TeV |
0.04MW
0.02f | - | .

1 2 3456 10 2ox1 2 3456 10 2bx30
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