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Introduction

* Will go through several recent results

— Searches in dilepton mass spectrum

» Search for high-mass dilepton resonances: 5 fb
» Search for techni-hadrons: 1 fb"
» Search for contact interactions: 1 fb*

— Search for excited leptons in lly: 5 fb’
— Searches for anomalous like-sign lepton production

» Inclusive search: 1 fb*
» Search for like-sign top quark production: 1 fb’
» Search for strong gravity signatures: 1 fb

— Search for extra dimensions in diphoton events: 2 fb’

* ATLAS has many other related results which are covered by
other speakers here




High-mass dilepton resonances: introduction

« Several models predict new resonances decaying
to pairs of charged leptons

— Spin-1 benchmarks: Z' in Sequential Standard Model
or E, grand unified symmetry group

— Spin-2 benchmark: Graviton in Randall-Sundrum
models

— For both, width is narrow w.r.t. detector resolution

e Searches at ATLAS in ee and pp final states updated with 5 fb™
— ATLAS-CONF-2012-007
- Expect very high-p_leptons from this signal

— No SM process with which to calibrate these
— Need to understand detector and simulation

— Impose tight selection cuts to assure optimal resolution

» For muons, require hits in three stations of Muon Spectrometer in most of
detector region
» Reduces muon acceptance

» New in 5 fb!: some two-station tracks allowed in well-understood
detector regions



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-007/

High-mass dilepton resonances: selection

Muons

« Trigger: one muon with
p.>22 GeV

- p.(M) > 25GeV, [n(M)| < 2.5

« Muons with combined ID and
MS tracks, plus extra hit
requirements in MS

« Both muons isolated:
2p1(AR < 0.3)/pr() < 0.05

 Muons must have opposite
charges

« Acceptance * efficiency
- Z'(2TeV) » yu: 43%
— G* (2 TeV) = yu: 47%

Electrons

Trigger: two EM clusters with
E_> 20 GeV

E (e) > 25 GeV, |n(e)| < 2.47
— Excluding crack
1.37<|n(e)|<1.52

“"Medium” electrons (shower
shape and track matching cuts)

Higher-p_ electron isolated:
2ET(AR < 0.2) <7 GeV

No charge requirement
Acceptance * efficiency

— Z'(2TeV) »ee: 71%
— G* (2 TeV) » ee: 72%




High-mass dilepton resonances: backgrounds

Events

Dominant background: Z/y*: estimated from LO Monte Carlo
with mass-dependent NNLO/LO K-factors applied

— Total background normalized to data in Z peak

Dominant systematic uncertainty: PDF and scale uncertainties
on background shape: ~20% at 2 TeV

Search strategy: compare dilepton mass to background and
signal templates
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High-mass dilepton resonances: interpretation

* Derive upper limits on o*B.R. in each channel and combined
— Translate to lower mass limit for benchmark models
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Highest-mass dilepton event

m(ee) = 1.7 TeV
E (e ) = 329 GeV

flnce,) = 2.0
E (e) = 217 GeV
n(e,) = -1.6
Ap(ee) = 2.9




Techni-hadrons

* Apply limits from Z' to another spin-1 resonance

— Low-scale technicolor model: degenerate techni-p and techni-w
decaying to charged lepton pairs

— A¥*g are shown to be the same as for the Z'
e Result for ee and pp channels in ~1 fb': ATLAS-CONF-2011-125
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-125/

Contact interaction

 Same data sample as Z' search
« Result for ee and pp channels in ~1 fb': arXiv:1112.4462
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http://arxiv.org/pdf/1112.4462v2.pdf

Heavy gauge boson decaying to |v

* Various extensions of SM predict heavy
charged boson decaying to charged
lepton and neutrino (W")

ATLAS searched for W'-ev and W'-pv

— Most recent result from ~1 fb':
arXiv:1108.1316

Event selection: electron or muon plus missing transverse energy
_ pT(p) > 25 GeV, ET(e) > 25 GeV, MET > 25 GeV

— Leptons must be isolated
— As in Z' search, strict muon hit requirements
— For electrons, MET > 0.6*E _(e)

— Lower threshold on m_(W) dependent on mass of W'

A*e depends on mass of W'

— Between 33% and 549% for electron channel
— Between 22% and 37% for muon channel
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http://arxiv.org/abs/arXiv:1108.1316

W': results
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* No significant deviation from SM expectations

* Limit based on counting events above certain mys [LeV]
mT threshold Exp. Obs.

ey 2.17  2.08

— Threshold optimized for each W' mass pr | 2.08  1.98

— e.g. for m(W') = 2 TeV, threshold = 1.122 TeV both | 2.23 2.15

* Set limits on W' in Sequential Standard Model




Excited leptons: motivation and selection

* Excited leptons occur if leptons are
composite objects
— Produced via gql*| contact interactions
— Can decay I* -» |y, B.R. decreases with

m(1*)

* Search at ATLAS for ee*—eey and
HU*—ppy
— Result with 5 fb*: ATLAS-CONF-2012-008

* Event selection: two electrons or muons and a photon
— p(M) > 25 GeV, E(e) > 25 GeV, p(y)> 40 GeV

— Leptons and photons must be isolated and separated from each
other

- m(ll) > 110 GeV

* Acceptance times efficiency
— ~559% in eey channel for m(1*) > 800 GeV
— ~30% in puy channel for m(1*) > 800 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-008/

Excited leptons: backgrounds

 Dominant background: Zy
— Simulated with Sherpa

— m(lly)-dependent NLO / LO K-factor applied

 Dominant uncertainty is on background shape prediction

— Parameterization based on limited MC statistics

* Strategy: counting experiment in m(lly) > m(I*)+150 GeV
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Excited leptons: limits

* Set upper limit on cross-section times branching ratio of excited
leptons

— For m(1*)>0.9 TeV, oB(e*) < 1.0 fb, oB(p*) < 1.9 fb
* Can also interpret this as exclusion region in m(l1*)-A plane
- For m(I*) = A, m(e*) > 2.0 TeV, m(p*) > 1.9 TeV
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Inclusive like-sign dimuons: introduction

* Search for anomalous production of like-sign muon pairs

— No optimization for specific model
— Like-sign muons are clean final state without further selections

e 1.6 fb! result: arXiv:1201.1091

* Event selection: two like-sign muons
- p,(H) > 20 GeV, [n(M)| < 2.5

— Search focused on lower-p_ muons than previous searches — don't

have stringent hit requirements in MS
— Both muons required to be isolated and have low impact parameter
signficance
» 2p (AR<0.4) / p(4) < 0.08 and 2p (AR<0.4) < 5 GeV

» Very tight requirements because muons from b/c-hadron decay are
large background
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http://arxiv.org/abs/1201.1091

Inclusive like-sign dimuons: backgrounds

* "Prompt” SM production: mostly WZ - |vll
— Herwig with mass-dependent NLO / LO K-factors

 “Non-prompt” production: events where one or more muons
from b/c or pi/K decay

— Shape and normalization derived in data-driven way by loosening
isolation requirements
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Inclusive like-sign dimuons: interpretation

* Fiducial cross-section limit
— Define fiducial region at particle level
— Limit on cross section for new physics contributing to that region

 There is a model-dependent reconstruction efficiency for muon pairs
in true fiducial region

— Mostly due to p_-dependent isolation efficiency

— Derive efficiency for several different models

» Clean, high-pT models, e.g. doubly charged Higgs or right-handed W decaying
to heavy Majorana neutrino: €>70%

» Busy, low-pT model, e.qg. like-sign top quark production: € ~ 44%
— Conservative fiducial limit is derived from lowest efficiency

- o g5 (] .. : . .
Mass range [GeV])  eted|observea ¢ LimMits derived for all like-sign muon
All muon pairs paIrS and Separately for ++ and -
m(ptp) > 15 | 5871 | 58 pairs in four invariant mass ranges
, + 4y - : —f1_1 3 . . .
mi“i“; ;*E ;”—;ﬁ ”'; - Limits can be applied to other models
m(pTp™) > 200 | 13.77 8.1 i
() > 300 m:{;g ca — Just need to derive acceptance for true

fiducial region
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Inclusive like-sign dimuons: limits on same-sign top

* Use previous fiducial cross-section limit to U _ t
determine limit on same-sign top quark
production

— Example of using fiducial limits; dedicated Z'lg
analysis (next slides) has stronger limit

 Same-sign top quarks could be produced
via flavor-changing Z'
— Possible explanation of A_ in tt at Tevatron

Y
L

A J

u !

* Use particle-level simulation to determine acceptance for this
model within true fiducial region

m(Z") o95(trtr) [Pb]
expected |observed
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18



Like-sign top quarks: dedicated search

* Event selection: same-sign leptons plus =2 jets plus MET
Presented yesterday in search for heavy quarks

e'e’, e'u’, 'y’ channels

E(e) > 25 GeV, p.(M) > 20 GeV, p.(jet)>20 GeV, MET>40

In ee and pyp channels, [m(Z)-m(ll)|>10 GeV
Low-mass Z' signal region: H >150 GeV and m(ll) > 100 GeV

High-mass Z' signal region: H >350 GeV
A*e*B.R. ~ 0.8%

etet ‘ ettt ‘ phpt
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Like-sign top quarks: limit
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Strong gravity in same-sign dimuons

* Some models of extra dimensions result in microscopic black
holes at the LHC

Decay into large numbers of high-p_ particles

« 1.3 fb! result: arXiv:1111.0080

* Event selection: two same-sign muons and ten or more tracks

p.(H,) > 25 GeV, [n(p)] < 2.4
p.(H,) > 15 GeV, |n(p)| < 2.4

Only higher-p. muon is required to be isolated and have small

impact parameter significance
» 2p(AR<0.2) / p.(M,) < 0.2

» No requirement on second muon increases signal acceptance due to
large number of muons from hadronic decay in signal

p.(track) > 10 GeV, [n(track)| < 2.4

» Ten or more tracks, including the two muon candidates
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http://arxiv.org/abs/1111.0080

Strong gravity in same-sign dimuons: backgrounds

Two dominant backgrounds in signal
region: tt and p+fake

tt determined from NLO MC

u+fake dominated by W plus heavy
flavor production

— Estimated in data-driven way

— Select W+track sample, estimate
probability for track to fake p

Uncertainty on tt: ISR/FSR,
top quark mass, tt cross
section, and generator used

Uncertainty on p+fake:
subtraction of correlated
backgrounds from region
where fake rate is estimated
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10 T 4 | bl E
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Process Events
tt 29.2 £ 4.2
Hu+fake 25.6 £ 5.2
Other 1.0 £ 0.8
Total prediction |55.8 + 6.8
Data 60
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Strong gravity in same-sign dimuons: limits

* 60 events observed in signal region, 56 predicted
— Upper limit on o * B.R. * Ais 0.018 pb

— MD is Planck scale in n+4 dimensions

- M

N is lower limit on black hole mass
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Extra dimensions in diphotons: introduction

* Search for Gravitons decaying to photon 9

G
pairs in ADD and RS models of extra > >
dimensions q

* Recent result from ATLAS with 2 fb™:
arXiv:1112.2194 Yo, G

5'5:-3"2%l ’
)

* Event selection: two photons
— Trigger on two photons with E >20 GeV

- E(y) > 25 GeV, |n(y)[<2.37
— Photons must be isolated: 2E (AR<0.4) < 5 GeV
- m(yy) > 140
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Extra dimensions in diphotons: backgrounds
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reweighting Pythia to NLO
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— Shape taken from data
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Systematic uncertainty on background shape

— Variation of scale and PDFs in yy prediction

— Use of different control samples for y+jet shape
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— Total uncertainty: ~2% at 140 GeV up to ~20% above 2 TeV
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Extra dimensions in diphotons: ADD limits

* Expect nearly continuous £ 10°] II
. Ldt=212fb"
spectrum of KK Gravitons P
— Search for general excess rather 1 .
than resonance 1 ;;}B:Licim@backgmu;;'“i-.

[]Total background
syst @ stat (reducible)
syst @ stat (total)
[JADD, GRW, m_=1.5TeV
[JADD, GRW, m_=2.0 TeV
[JADD, GRW, m =25 TeV

— Acceptance: 15-20%, € ~70% 10"
* Count events with m(yy)>1.1 TeV 1’

- Two events observed, 1.33+0.26 "¢ Ty
background events expected 0.15 0.2 03 04 0506 08 112 1n.ﬂ|5W[T92V]
— Upper limit on o*A*e = 2.49 fb

* Limit on effective scale in ADD depends on model convention
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M f
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Extra dimensions in diphotons: RS limits

a B (G — ee+uu+yy) [pb]

107

10%

10°

Resonance: A * € = 53-60%

Derive limit by doing template fit in m(yy) > 500 GeV to
expected background plus signal

Combine these results with resonance search in ee and pp
channels

1 fb* version of dilenton analysis shown earlier in talk
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5
NS SN SN N SIS N
NS S S SN WS N

m(yy) = 1.5 TeV
E (yl) = 520 GeV

n(yl) =-1.6
| E (y2) = 470 GeV

n(y2) = 0.3

Ap = 3.0
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Conclusions

 ATLAS is searching for new physics in final states with charged
lepton pairs or photon pairs

— Z' and excited lepton searches have been updated with 5 fb*

— Several other results with smaller data samples have been released
in recent months

* No deviation from Standard Model predictions has been
observed yet

e The search continues

— Many channels working toward result with full 7 TeV data sample
— Looking forward to higher energy and larger sample this year!
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Contact interaction in dileptons

 General contact interaction: ¢

2 — —
J o~y ly fy g ly
2A2 [ yins iL Y WL iL .T"“ W,
+ NrRR VRV br ERT“ Vr

Ak

F2NLR YL YL YRV VR

e "LLIM"tn =%*1,n =n,=0

— Differential cross section: 49 _ dopy  Fr(me) = Fo(me)
= NLL— 3 A
dmygy dmye A A

/4

Interference term:
important at high A

— Destructive interference: n, =+1, limit on A’
— Destructive interference: n = -1, limit on A

* Allowing all quark flavors to contribute to contact interaction

* Strong limits on ggee from LEP; only LHC can constrain qgqupu
— qqgee from LEP: A" > 12.9 TeV, A > 7.2 TeV
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Large ED (ADD) : monojet Mp (6=2)
—_— Large ED (ADD) : diphoton M (GRW cut-off)

2 _ UEI_J HE Compact. scale 1/R (SPS8)
5 —Pp RS with k/M_, = 0.1 : diphoton, m_, Graviton mass

& ————pp» RS with /M, = 0.1 : dilepton, m, Graviton mass

E RS with k/M, =0.1 : ZZ resonance, my, , . Graviton mass

g RSwithg /g =-020:1 — l+jets, m KK gluon mass

5 ADD BH (MZM,=3) - multijet, 5p_, N5 M,, (5=6)

L’ ADD BH (M, /My=3) : 8S dimuon, N, ... M, (5=6)
ADD BH (M_, /M_=3) : leptons + jets, Zp M, (8=6)
Cuantum black hole : dijet, Fx(m. M, (5=6)
""""""""""""""" gqqqg confact inferaction ~y{(m ) A
O qqll Cl : ee, uu combined, m,
uutt Cl - 55 dilepton + jets + E .. A
5 " S SSMZ'm_, ~ |i-a850m" (2011 ATLAS-CONF-2012-00m 2217ev Z' Mass
g SSM W' My, |=10m" (2011 110813181 215Tev W' mass

‘o Scalar LQ pairs (g=1) : kin. vars. in eejj, evjj |c=1om" @10 nizesem ss0Gev 1 gen. LQ mass
B Scalar LQ pairs (8=1) - kin. vars_in pjj, uvjj |£=1.0" @010 Profiminary) sssev 2™ gen. LQ mass

o 4" generation - Q -ﬁq—:- WagWg |c=t.0” (2011 n202 33801 soGsv (), mass

= 4 tion - U T, — WbWb |i2i0m" (2011 ri202 30781

5 genera } (2011 404 GeV | U, Mass

= 4™ generation : d @,— WitWt |i=1.0#" (2011 Preliminary] 480Gev. d, Mass

2 New quark b' : b'b'—' haX, M. |L=20" (2011) tPreliminaryl 400Gev | D' mass
S T = T HAA, - 1lep +jets + B, [isiom o iosares a20Gev. T mass (m(A) < 140 GeV)

= Bcited quarks -+ -jef resonance, m- q* mass

8 Excited quarks : dijet resonance, H-;‘“h g~ mass

= Excited electron : e-y resonance, mEhr e* mass (A = m(e¥))
.l.ﬁ_> Excited muon - u-y resonance, mhL¥ u® mass (A = m(u®)
' ———p  Techni-hadrons : dilepton,m__, p Jeor Mass (m(p few.) - mix;) = 100 GeV)

Techni-hadrons : WZ resonance (vll), m_._

Major. neutr. (LRSM, no mixing) : 2-lep +jlets

@ W5 (LRSM, no mixing) : 2-lep + jets
—& H*= (DY prod., BR(H*—uu)=1) : S5 dimuon, m_
Color octet scalar : dijet resonance, m,

Vector-like quark : CC, Mg

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: March 2012)

H® mass

Q

ass (coupling«
L1111 |rn | |

p, mass (m(p ) =mims) +my. m@ ) =1.1mp ))
N mass (m(W ) =2 TeV)
W5 mass (m(N) < 1.4 GeV)

Scalar resonance mass
Q mass (coupling o =v/mg)
97

A (constructive int)

ATLAS
Preliminary

f Ldt=(0.04-50) "
Is=7TeV

107 1

*Only a selection of the available mass limits on new states or phenomena shown

10

10
Mass scale [TeV]



Dilepton resonance search, more limits

Es Z" models RS graviton

Model/Coupling | Z, Z, Z] Z Zg Z 001 003 005 0.1
Mass limit [TeV] | 1.76 1.78 1.84 184 190 196 | 091 145 L1L71 216




m(ly) mass spectrum for excited leptons

ey pairs / 50 GeV

2 2 3

:| IIIIII|T| IIIII|T|'| IIIIII|T|_|:

Il
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—
=

ATLAS Preliminary * Data 2011
- CIZ+y
Ldt=491fbh -Z"'jEtS
—_ [-2] Bkg. uncertainty
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[](m_.A) = (0.5, 9) Tev
[](m_.A) = (0.8, 8) Tev

IIIIII|_|,| IIIII|,|,|_| IIIIIII,I,I__L

100 200 300 400 500 600 700 800 90

m,, [GeV]

Ly pairs / 50 GeV

HULELEN DL DAL UL UL DL B DL LR B
10°E ATLAS Preliminary ~ * Data 2011 -
= ; CIZ+y 3
10°E | Ldt=4.8M0" Dz jets ]
E = [5] Bkg. uncertainty =
1{)2.5—\15_ eV (m.A)=©2,10)TeV ]
= (m.A)=(059TeV 3
10k CJm.A=088Tv ]
1
10° N
107

100 200 300 400

500 600 700 800 900
m,, [GeV]

34



Inclusive like-sign dimuons: limits on H**

 In same data sample with same background wt
estimate, search in narrow mass bins for resonance ¢ H+f2< X
— Benchmark model is pair production of doubly 't H
charged Higgs bosons
« Lower mass limits: q .< H

— 355 GeV for H ** with 100% B.R. to pp H i
— 251 GeV for H ** with 100% B.R. to pp

* ATLAS

Z SUpTTTTTTTTTTTTTTTTTTT T T T

& 355_ ATLAS —+-Data2011 3 P

g F |-Ldl=1ﬂ1h'1 CInen-prompty 3 ]

-~ 30 1 ’ [CJPromptp - 10 - |

g F + JE=7TeV 3 FerTey |

a E - L T :

§ ¢ E _

) _ _E |
E I

Observed 95% C.L. upper limit

|

-------- Expected 95% C.L. upper limit

o(pp > H"H WBR(H™ — u*u) [fb]
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I 1 + £y
N Rt S s S e i m olpp — H'+HE]. BR{HL:‘}"t“t] 100% |
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