Searches for new physics in Monojet and
final states with ATLAS

Sahill Poddar and Thorsten Dietzsch

Kirchhoff Institut fur Physik

Universitat Heidelberg

5th Annual Workshop of the Helmholtz Alliance
/-9 Dec 2012, Bonn

PHYSICS
AT THE

Helmholtz Alliance




* Part 1: Monojet
- Introduction
- Analysis overview
- Background estimation
- Results and Limits

* Part 2: Dijets
- Introduction
- Analysis overview
- Resonances
- Model (in)Jdependent Limits

* Conclusion

Sahill Poddar
Kirchhoff Institut fur Physik

5th Annual Workshop of the Helmholtz Alliance

7-9th Dec, Bonn Universitat Heidelberg




X Extra dimensions:
- provides insight into the hierarchy problem
- compactified on a small radius R (eg. ADD,UXD) &

X ADD paradigm [N.Arkani-Hamed,S.Dimopoulos, and G.R Dvali , Phys.Lett. B429,(1998)263]
- Fundamental scale can be (much) lower than the Planck scale

X Planck mass(Mp) in (3+1)D related to the fundamental mass Mp in 4+d:

X Signature: Graviton (Gn) - ET™ss + jet production
Signal sample : PYTHIA ExoGraviton with CTEQ6.6 PDF
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Part 1: Monojet

“a typical Monojet event recorded by ATLAS”

* leading jet:
ot = 602 GeV
n=-1, =206

% Ermiss = 523 GeV

* no additional jet Ny WATLAS

1@ EXPERIMENT
With pT > SO Ge\/ A Run Number: 180309, Event Number: 36060682

Date: 2011-04-27 02:33:15 CEST
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Region

low pt

high pt
very high pr

* Lowest threshold unprescaled Er™ss trigger
* 1 primary vertex with more than 2 tracks

* Cleaning cut: reject detector noise

* Lepton veto (electron: pr > 20 GeV, muon: pt> 10 GeV)
* 3 sets of cuts defining 3 kinematic signal regions

Eqcs 15t jet 2" jet
> 120 GeV > 120 GeV < 30 GeV
> 220 GeV > 250 GeV < 60 GeV
> 300 GeV > 350 GeV < 60 GeV

1o (£3.7%) of 2011 data is analysed
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. EW background estim:

Y

X Estimated using ALPGEN MC (NNLO cross sections) and rescaled
using data control samples
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- EW background esti

Determined by inverting the lepton veto to define a control region
and scale the simulation in the CR to data.
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low pt high pt very high pr
Total background * (stat) + (syst.) 15100 + 170 + 680 1010 + 37 + 65 193 + 15 + 20
Events in Data (Ifb') 15740 965 167
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ADD Exclusion

X high pr region used to set limits
X Limits set on o x A (acceptance)

S 5: ! ]
I o - -
* Acceptance includes all | S a5t fL N1t ATLAS Preliminary
reconstruction, trigger and selection £ 4F Se7Tey | —Amwsan
cuts % 3-2 g_ ----- CDF run Il _§
. - -t LEP combined —
* Interpreted in terms of Mp L L | E
.22— | : g
1.5 =
1 i— .”y””www“l”?:.'..'..'..'..'..'..'..'..'..'..'..'..'..'il-”-”-”-“"l-”-”-”'”-”-”-l:::-------------T;
95% CL limits on Mp for the ADD model o5 &
, , ot | | | | | =
High pt selection 2 3 4 5 6
no. of extra dim expected [TeV] observed [TeV] Number of Extra Dimensions
2 2.98 3.16
3 2.44 2.56
4 2.18 2.27
5 2.03 2.10
6 .92 .99
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Introduction : Dijets

BSM scenarios with a dijet final state: do
dmdi|\ QCD
1. excited quarks - ?/

g g
[U. Baur, I. Hinchliffe and D. Zeppenfeld, Int. J. Mod. Phys. A2,1285 (1987)]
Signal sample: PYTHIA MC generator with MRST2007LO* PDF

New Physics

2. Axigluon -

existence of a massive, color octet gauge boson : Axigluon->qq

[P. Frampton and S. Glashow, Phys. Lett. B 190,157 (1987)
J. Bagger, C.Schmidt and S.King, Phys. Rev. D 37, 1188 (1988)]

Signal sample: CalcHEP MC generator with MRST2007LO* PDF
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Part 2 : Dijets

“a typical high mass dijet event recorded by ATLAS”

* leading jet:
or=1.3 TeV
n=-02; ®=2.23

* sub-leading jet:
Big=sll=2 eV,
§ ATLAS

X mjj=2.6 TeV 1% EXPERIMENT

Run Number: 167576, Event Number: 69725215 S

Date: 2010-10-24 15:42:22 CEST
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: Event Selection

* Lowest threshold unprescaled jet trigger
* 1 primary vertex with more than 4 tracks
* cleaning cut: reject detector noise
* Jet kinematics:
ot (jets and jete) > 30 GeV, |n| < 2.8
ly12| < 1.2 (rapidity in parton CM frame)
* No treatment for leptons -> EW backgrounds negligible

1! (£3.7%) of 2011 data is analysed
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Jllets : Resonanc

N C
wie)

* Data is fit to a function which accurately

models the QCD dijet mass spectrum
[T.Aaltonen et al. (CDF collaboration),Phys Rev.D
79, 112002(2009)]

% Comparing: y* from data and pseudo
experiments gives a p-value = 0.96

X Good agreement between data and
functional form

0-1
X To increase sensitivity BumpHunter/Ei- -

algorithnm is used [T.Aaltonen et al. (CDF
collaboration),Phys Rev.D 79, 011101(2009)]
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160)= pi(l-x )pr

where x = m;; /Ns
pi are fit parameters
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The limit setting incorporates:

X Effects of systematic uncertainties
(luminosity, JES)

X Effect of JER which is negligible

X Reweighting of simulation to account
for in-time and out-of-time “pile-up”

X New physics model is a benchmark

l.e. no theoretical uncertainty
(fixed MC tune and PDF set)

Model

95% CL Limits (TeV)
Expected  Observed

Excited Quark g*
Axigluon

2.8l 2.99
3.07 3.32
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;

g8 [ amas
X Results can be utilized to set model < 1F G =7 Tey —
iIndependent limits x [Ldr=101"

S i og/ M, |
X Hypothetical signal: S 015 I
Assumptions, — 107 007 E
1. Gaussian distributed with mean (mg) C\ﬁ i | ]
in [0.9,4.0] TeV. o :
2. Standard deviation (og) from 5% to
15% of mean 10°F E
Systematics: same as in the model 000 " 5000 30004005
dependent limits Mass, m_ [GeV]
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Summary

X ATLAS searches for new physics with Monojet or Dijet final states is presented
with 1fb! of 2011 data.

X No hints of new physics found vet...
X Limits for models with Extra Dimensions, Excited Quarks or Axigluons.
* Model independent limits

X Apart from dijet resonance search efforts also ongoing in dijet angular
distribution analysis. [G.Aad et.al, The ATLAS Collaboration, New Journal of Physics 13 (2011) 053044]

X The search is still on .... about 5fb™! of data collected in 2011.
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BACKUP MATERIAL
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Jets: Muons:

* reconstructed using AntiKr (R=0.4) x pr> 10 GeV

* input are topological clusters *|n| < 2.4

* calibrated to hadronic scale * isolation criteria
* pr > 30 GeV

*|n| < 4.5

B Electrons:

* Calorimeter based * pr > 20 GeV

* topological clusters within [n| < 4.5 Jain k=247
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QCD background

Lt —e— data 2011
f t= — Total BG

[JQcCD

=7 TeV

4 v ° CJZ(—=vv)+jets
10 ATLAS Preliminary W (—1v) +jets
[ 1Z(—=1l) +jets
B

[N

Events / bin
3,

—h
o
w
T

0 0.5 1 15 2 2.5 3
A ¢ (jet2-ET")

Sahill Poddar
Kirchhoff Institut fur Physik
Universitat Heidelberg

5th Annual Workshop of the Helmholtz Alliance

7-9th Dec, Bonn




®] L A IO A IR
o N
5 . Electron control region
D 3| _ ® |
<107 —e— Data =
% - . = MC, total uncertainty -
| . 2" jet veto 30 GeV .
(D - —
10°E E
° ¢ ]
é | ATLAS Preliminary a 4 i
N \@=7TeV,det=1fb'1
10:_I | | | | | | | | | | | | | | | | | | | | | | | | | I_:
100 150 200 250 300 350

P, threshold [GeV]

5th Annual Workshop of the Helmholtz Alliance

7-9th Dec, Bonn

Number of events above threshold

[T T T T T T T T T T T T | T T T T | T T T T T T _]
: e Electron control region :
[ —e— Data

3| _|
10 - [ ] = MC, total uncertainty ]
- . 2" jet veto 60 GeV .
n 3 _
10°E o E
~  ATLAS Preliminary L] .
- \@=7TeV,det=1fb'1 t
Coooo by by ey by by by oy T

100 150 200 250 300 350

P, threshold [GeV]

Sahill Poddar

Kirchhoff Institut fur Physik
Universitat Heidelberg




Invert the second jet veto to
obtain a dijet enriched sample
and extrapolate the shape of
next-to-leading jet in lower pr
bins using a linear fit.
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Multi or dijet events can constitute QCD
background due to mismeasurement of
next-to-leading jet -> fake E7™ss
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Background Predictions + (stat.)) + (syst.)

LowPt Selection | HighPt Selection | veryHighPt selection
Z (— vV)+jets 7700 + 90 + 400 61027 +47 124+12+15
W(— 7v)+jets 3300+90+220 180 +16+22 36 -7+8
W(— ev)+jets 1370 £ 60 +90 68+10+8 8+1+2
W(— pv)+jets 1890+ 70+ 100 113+14+9 18+4+2
Mult-jets 360 +20+290 30+£6+11 3£2+2
Z/y*(— th1 )+jets 59+3+4 20+0.6+0.2 -
Z/y*(— utu)+ets 45+3+2 20+0.6+0.1 -
tt 17+1+3 1.7+03+03 -
y+jet - - -
Z/y*(— ete )+jets - - -
Non-collision Background  370+40+170 80+33+4.1 40+32+21
Total Background 15100 +170+680 | 1010+37-+65 193 +15+20
Events in Data (1.00 fb~!) 15740 965 167
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95% CL limits on Mp for the ADD model

LowPt selection HighPt selection veryHighPt selection
n | expected [TeV] observed [TeV] | expected [TeV] observed [TeV] | expected [TeV] observed [TeV]
2 238 221 298 3.16 304 339
3 194 182 24 256 248 271
4 173 164 218 227 225 242
5 163 155 203 210 212 226
6 155 147 192 199 198 2.12
95% CL limits on Mp for the ADD model (5 < MD)2
LowPt selection | HighPt selection | veryHighPt selection
= — T n observﬂ['I'eV] obsenied['l'eV] observecl[TeV]
o - .
% i —— ADD signal: n=2 | g %‘;g ;;(6) ggg
o —— ADD signal: n=4 4 154 215 226
1 — — 95% CL Exclusion 3 1.37 1.89 1.50
6 124 168 158

ATLAS Preliminary
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lowPt (%) HighPt (%)
PDFs 6.3 6.3
ISR/FSR 13 13
Q2 scale 1.2 11.2
JES 5.3 5.6
JER 2.7 .1
Pile-Up 2.6 2.0
Luminosity 3.7 3.7
MC statistics 52 5.2
Total sys 19.7 19.8




Introduction : Dijets

BSM scenarios with a dijet final state:

dmdi|\ QCD

1. excited quarks - qg->g*->qg [1] ’/ New Physics

Assumptions: spin 1/2, quark like SM couplings

Compositeness scale (A) set to g* mass
[U. Baur, |. Hinchliffe and D. Zeppenfeld, Int. J. Mod. Phys. A2,1285 (1987)]
Signal sample: PYTHIA MC generator with MRST2007LO* PDF

2. Axigluon - Extend the standard color gauge group:
SUEB)L x SUB)r => SU(3)c
Existence of a massive, color octet gauge boson : Axigluon->Qqq

Strong interaction coupling strength same as QCD

[P. Frampton and S. Glashow, Phys. Lett. B 190,157 (1987)
J. Bagger, C.Schmidt and S.King, Phys. Rev. D 37, 1188 (1988)]

Signal sample: CalcHEP MC generator with MRST2007LO* PDF
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