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The hierarchy problem
» The hierarchy problem: Mew ~ 10-'°Mp,.

» In the context of SM: Higgs mass stability issue.

¢ Radiative corrections:
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* If A~Mpi: to get mp~125 GeV, the bare Higgs mass and the
radiative corrections need to cancel out with a precision of
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Extra Dimensions models (1/2)

» Extra-Dimensions paradigm:

* The fundamental Mp is close to Mew but gravity is diluted by the presence of extra-dimensions
(ED) and Mp appears much weaker.

e But precision measurements forbid the presence of ED at a size Rz | TeV-'.

ED have to be smaller or not accessible to SM fields.

» Large Extra Dimensions:

Postulated by Arkam Hamed Dlmopoulos DvaI| (ADD) Phys Lett B429(1998) 263
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o Grawty is the only Feld aIIowed to propagate into the 5D space
¥ » Compactification leads to an infinite set of KK particles with a very small modal spacmg i
§o D|vergence in the number of modes |mposes an UV cutoff Ms ¥




Extra Dimensions models (2/2)

» Warped Extra Dimensions:

- Postulated by Randall and Sundrum (RS): Phys. Rev. Lett. 83 (1999) 3370

§ ¢ 5D space-time with two branes.

i e Gravity is the only field allowed to propagate into the 5D space.
§ » The strength of gravity is diluted through a warp factor k.
§ e The compactification leads to a series of narrow resonances. §




SM YY production

wwed DiIrect production Jesssswommesemmsemmsse, emsmmd FTAZMENTALION frmsmimmens,

RN P » o R Lo R

i 4 ] y g g

¢ - PYTHIA+PHOTOS, SHERPA
{  Parton-level calculation for higher order terms and precise fragmentation calculation: }
- DIPHOX, MCFM, 2gNNLO ¢




Extra Dimensions in the YY final state
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Invariant mass distribution
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Detecting diphoton events

4  Multl-jets candldate } Z—e*e candidate
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,_ * photons/jets separation needs specific tools: identification and isolation.
¥ » electrons/photons separation is ensured by the tracker (special care is taken for the 30% of
{ converted photons).
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Y/jet separation: identification
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* Exploit the granularity of the ECAL to describe the EM showers shape.
* Two working points: loose and tight.

06 0.7 08 0.9

I - Veto energy dep i}
{ - Narrow shower in the middle layer.

b Very good signal efficiency (~95%) but
§ modest jet rejection.

 » Deployed at trigger level.

{ I - Tighter cut in the Iaer. |

I §- Requirement on the first layer (reject TTo—YY).
1 }» Good signal efficiency (~90%). jet rejection
§ 1 ~5X better than loose.

o~

¢ » Used as photon pre-selection in the analysis

=

. § § to study fakes.
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Y/jet separation: isolation

=% Data Driven Techniques $emmenrme

RS

A

et Calorimetric Isolation fesmwsmmenemes,

o~

0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

ATLAS Simulation
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ATLAS Simulation
(b) non-TIGHT normalization

]TIGHT
non-TIGHT (scaled)

Eﬂ"?‘-—\

10 15 50

: 2 814000
$ £ £12000
' S © 10000
I 3 8000
: ¥ 6000

b 3 4000
3 2000

N III|III|III|III|III|III|III|I

Ol

()]
III|III|III|III|III|III|III|I

Y EF°in AR = \/(An)? + (A¢)2 < 0.4
cells

subtracting:
- The energy of the candidate itself.
- The out-of-cluster leakage. i { i
- The soft-jet contribution from {i' £ [GeV]
pileup and underlying event. i | t

ATLAS Simulation
(c) signal extraction
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Leading Photon

Pass Id criteria

Fail Id criteria

Isolation to determine the sample composition

Fail Id criteria

Pass Id criteria

. True photons
. Fake photons

— Id criteria

Subleading Photon

o - g o o

-~y 2D template fit of the isolations

¥ » 4 contributions: YY, Yj, Y. jj-

§ o Extract the fake templates in the CRs.
':" e Extract the photon templates in the SR after bkg
qubtraction (as described in slide 9).

* Build the 2D templates as product of IDXID.
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Data/background comparison

New J. Phys. 15 043007, http://arxiv.org/abs/1210.8389. Plot available here.
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-’ The most significant deviation is found for 1.3 TeV < myy < |.6 TeV.

Global p-value : 0.86 | |
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Constraints on Warped Extra Dimensions
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‘New J. Phys. 15 043007. Plots available here.
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e Coupling k/Mpi=0.1: Observed limit@95% CL on mg = 2.06 TeV.
e Combination with dilepton result JHEP 1211 (2012) 138 improves mg limit to 2.23TeV.
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http://link.springer.com/article/10.1007/JHEP11%282012%29138
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Constraints on Large Extra Dimensions

New J. Phys. 15 043007. Plots available here.
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e Several values for F in the litterature.
* GRW: F=1.Observed limit@ 95% C.L: F/Ms*= 0.0085, Ms= 3.29 TeV.

e Combination with dilepton result Phys. Rev. D 87,015010 (2013) improves Mslimit to 3.51 TeV.
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Conclusions

e With the full dataset of «/s = 7 TeV pp collisions:

- The presence of new phenomena in diphoton events has been tested.
- Resonant and non-resonant scenario have been constrained.
- The result has been published by NJP: New J. Phys. 15 043007.

e ~20 fb-! of data with +/s = 8 TeV pp collisions:

- Expect large improvement on the limits (~0.5 TeV).

- Dilepton preliminary result with 8 TeV data already there:
* mg limit = 2.47 TeV for k/Mp=0.1 (ATL-CONF-2013-017).

e Waiting for the LHC nominal energy !

¢ Related CMS searches:

- Resonant: dilepton PAS EXO12015, diphoton Phys. Rev. Lett. 108(2012) 11180.
- Non-resonant: dielectron PAS EXO12031, dimuon PAS EX012027, Diphoton Phys. Rev.
Lett 108(2012) 111801.
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http://cds.cern.ch/record//1523261?ln=en
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http://cds.cern.ch/record//1523261?ln=en




ATLAS/CMS comparison
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e Similar strategy:
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- jet faking photon estimated by data-driven techniques (reverting id/isolation criteria)
- SM diphoton estimated by simulations+NLO cross-section computations
- myy shape analysis for RS and counting experiment for ADD.

* ATLAS uses the full dataset, CMS only half of it:

- ATLAS limits are more stringents.



Large ED (ADD) : monojet + E

Large ED (ADD) : monophoton + E; .o

Large ED (ADD) : diphoton & dilepton, m
UED : diphoton + E

T,miss

Sz, ED : dilepton, m,

RS1 : diphoton & dilepton,m,.

RS1 : ZZ resonance, my,

RS1 : WW resonance, m; ,,

RS g —tt (BR=0.925) : tt — |+jets,m

KK tt.boosted

ADD BH (M, /M,=3) : SS dimuon, N, ..
ADD BH (M., /M_=3) : leptons + jets,Zp
Quantum black hole : dijet, F_(m,

T,miss

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

M, (6=2)

Compact. scale R

M, (5=6)

M) (5=2)

ATLAS

Mg (HLZ 5=3, NLO) Preliminary

MKK ~ R-1

Graviton mass (k/Mp, = 0.1)
Graviton mass (k/M;, = 0.1)
Graviton mass (k/Mp, = 0.1)
g, mass

f Ldt=(1.0-13.0) fb™
Is=7,8TeV

M, (5=6)

Update since HCP

Y ATLAS-CONF-2012-147

Y ATLAS-CONF-2013-017
Y ATLAS-CONF-2012-150
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Background composition
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¥ « Consider 4 contributions: YY, Yj, Y, ji-
; * Extract the fake templates in the CRs.
f » Extract the photon templates in the SR after bkg
f substraction (as introduced on slide4).
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Analysis strategy

{ - Irreducible: SM Yy — MC predictions.

- Reducible: Jets faking photons — Data driven.

{ - Electrons faking photons: negligible.

|- Composition determined in the mass control region: [140,400] GeV.

t » Total prediction normalised to the data in the mass control region.

i - Obtain the myy lineshapes for each bkg component.

.-Weight them according to the composition of the mass control region. g

<

f. Test the agreement between the data and the expectation.
i - Set limits in the context of two ED models.
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Data selection

{o Preselection - At least two photons with:
- - Er>25 GeV
- In the acceptance of the ECAL
t - Passloose ID criteria
b e Final selection - The two highest-Et candidates:
| - Pass tight ID criteria
- Ey's°< 5 GeV

S B DT\ - Y- (Yol u o) N SO—

i * Mass selection - myy > 140 GeV :

20



myy modeling

* |rreducible

; Fragmentation fmsmemsess,

et DIreCt ProdUCtion Jummssmmsme s, v

q - f v B q g

: + > 1 L
| " ‘ S 4 LLLI.L
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* Direct production (a),(b) generated with PYTHIA.
* NLO+fragmentation calculation with DIPHOX:
- NLO/LO myy-dependent kfactor.
- 20%-25% myy-dependent uncertainties due to PDFs and scales

e Reducible

* Select events passing the data selection but with reverse-id criteria.
* Fit the myy lineshape and extrapolate to higher masses
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Background systematic uncertainties
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§ * Setting limit on 0.B:

cross-section.

!« Signal generated with Pythiaé.
§ » Xsec corrected @NLO: kfactor = 1.75 .

- Binned likelihood fit of the myy shape. !
- Bayesian approach with flat prior on the production 'i

Warped Extra Dimensions

1719 (2013) 242-260)
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o

e Counting experiment: 3
I - Optimize expected limit for Ms= 2.5 TeV. !
- Search region: myy> 1.2 TeV. i

: * Signal generation (Sherpa):
i - Paramerization:

F F\?
Otot = OSM + 4 | Cint + a7i) 9ED
- NLO/LO K-factor: |.7

Large Extra Dimensions
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— ADD predictions

ATLAS

yy:fL dt=4.9fb"

\Ns =7 TeV

0 M, =-0.0191 n,=00115 =
| | | | | | | | | | | | | | | | 1:
-0.04 -0.02 0 0.02 0.04
F/M% [TevV—*
ADD GRW Hewett HLZ
Parameter Neg. Pos. n=2 n=3 n=4 n=>5 n=6 n=7
F/M: 0.0085 | —0.0159 0.0085 0.0085
M 3.29 2.52 2.94 3.55 3.92 3.29 2.98 2.77 2.62

Combination with Dilepton results Phys. Rev. D 87, 015010 (2013)

improves limits from few hundreds of GeV.
ex: GRW limit improved to 3.51 TeV
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S [fb]

CMS: Diphoton Phys. Rev. Lett.108(2012) 11180
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TABLE III.  The 95% C.L. lower limits on M, for given values of the coupling parameter k. For £ < 0.03, masses above the presented
limits are excluded by electroweak and naturalness constraints. The median expected lower limits are numerically the same for the
presented precision except for the k = 0.01 case, for which the expected lower limit on M| is 0.84 TeV.
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k 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
M, [TeV] 0.86 1.13 1.27 1.39 1.50 1.59 1.67 1.74 1.80 1.84
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Mass Limits (GeV)

Model 7TeV | 8TeV | 7+8 TeV
Zsom 2330 | 2440 | 2590
z, 2000 | 2110 | 2270
Gkk (k/Mpy = 0.1) | 2140 | 2260 | 2390
Gix (k/Mp, = 0.05) | 1810 | 1900 | 2030
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