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Wither New Physics?

e Standard Model takes a victory lap in
2012.

— BEH Boson shows up where predicted
by EWK asymmetries, top quark mass.
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* But new physics?

New physics may well be hiding in
some yet-to-be studied signatures.

New ways to think about new physics needed
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Large Extra Dimensions

YOUR MOVIE WAS TOO.
WAS A RIFOFF. ITS JUST THAT THE THIRD
DIMENSION IS TIGHTLY ROUED
ITWASN'T UP AND T00 SMALL TO

3D ’“'AU" ORSERVE AT NORMAL ENERGIES.

e
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Large Extra Dimensions

e Arkani-Hamed, Dimipolous, Dvali (1998): SM
confined to 4-D space-time, gravity free to
propagate to 4+ N_, dimensions
— Solves problem of gravity being weak
— Solves hierarchy problem

e One manifestation: Infinite tower of Kaluza-
Klein towers.

— Leading order controlled by single parameter: A;
e Giudice, Rattazzi, Wells (GRW) convention



Large Extra Dimension in Dileptons

LED shows up in the dilepton mass spectrum.
— Search similar to that for Zprimes.

CMS searches in dimuon and dielectron.
— Muons, pt > 45 GeV
— Electrons, ET > 35 GeV

Drell-Yan generated with POWHEG+PYTHIA.

Zgamma®*, tt, Z2>ditau, ZZ etc. estimated from
e-mu data.



Large Extra Dimensions (Dileptons)
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Large Extra Dimensions (Dileptons)
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Extra Dimension in Leptons

CMS Preliminary ) CMS-EXO'12-027, 031
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Large Extra Dimensions (Monojet)

CMS-EXO-12-048

* Production of gravitons enhanced by extra phase-
space available to in the ED.

— Once produced, gravitons escape to ED = MET
signatures.

* Monojets in detector:
— Leading Jet > 110 GeV, |n|<2.4
— Allow 2"9 jet (not back-to-back), Ap < 2.5
— No isolated leptons
— Measure Z 2 uu + jets, predict Z2>vv +jets



Large Extra Dimensons (monojet)

CMS-EXO-12-048

Al
o. I~ ] Q / |||I||||Il|||Il|||I||||||||||||||I||||I||||I|||
2 j0°k o Bz =F Wz
g~ E CMS Preliminary CIW—h 3 G [ CMS Preliminary [ w-sk ]
¢ [ Vs=8Tev I i A = I E
5 ~ = it 3
HE det—195fb‘1 =t E 2. s[ | It ]
: : e o e §10°F det=19.5fb =JacD E
10'E Ez-r 4 . [ Z—r" ]
- -e- Data E 107 3
1033_ ﬁ 3 10°k 4
10°g 3 10°E g
10 = 10|;— ]
- ] - =

i .

1111 1111 1111 1 11 Ll | Ml
0 100 200 300 400 500 600 700 800 900 1000
pT(Jet1) [GeV/c]

Rl
L
rr

w
[\
.
ol
.
[\
w

n(Jet)

Good agreement with background expectations
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Large Extra Dimension (monojet)

CMS-EXO-12-048
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MPl2 5 MD2+an Mg = 4-dimensional Planck scale

Mo = fundamental (4+n)-dimensional Planck scale
n = number of the extra dimensions
R = size of the extra dimensions
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Monojet Candidate Event
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Monojets as Dark Matter Signature

e We know Dark Matter
exists

e WIMP miracle:

— TeV scale DM particle with

weak coupling produced at
just the right density.

— LHC can produce DM. q
— Search with ISR jet/photon )

Comoving Number Density =
o
383 35 S 8 a




Dark Matter with monojets
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Dark Matter with monojets

CMS-EXO-12-048
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Other invisibles with monojets

(unparticles)
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Black Holes

"END OF THE WORLD" LHC LAWSUIT TOSSED OUT

Andy Chalk | 31 August 2010 12:31 pm

A lawsuit against the Large Hadron Collider has
been dismissed because, according to the judge, it
won't be the Americans' fault if the French and the
Swiss suck the world into a black hole.



Black Holes

CMS-EXO-12-009

Microscopic black holes o Sain Hossrtor x ﬂ
/d

If created would decay to v X
multiple objects. NV 4
— Jets, leptons, photons... o — ‘4— ®

Look at S; (p; sum of q/j\ !

objects with p,> 50 GeV) A’/‘Z/ l\x

Extrapolate from low
object multiplicity.



Microscopic Black Holes

CMS-EXO-12-009
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Microscopic Black Holes

CMS-EXO-12-009
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10 jet candidate

Black Holes

4

vent, ST

CMS Experiment at LHC, CERN
Data recorded: Sun May 20 19:57:43 2012 CEST
Run/Event: 194533 / 425810100

Lumi section: 303
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CMS-EXO-12-009

CMS Experiment at LHC, CERN

Data recorded: Sat Aug 25 12:37:40 2012 CEST
Run/Event: 201671 / 277887114

Lumi section: 199

13 jet candidate evgnt, ST=4.5
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ST vs Object Multiplicity
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Jet Extinction

CMS-EXO-12-051

* If black holes (or generally, some non-linear
guantum gravity phenomenon) exists, it may not
decay to isolated energy “objects”.

— We may not even trigger on such events
* However, once the threshold is crossed, SM
processes are highly suppressed.
— Including jet production
— arXiv:1207.3525 [hep-ph] (Kilic, Thomas)

— Look for extinction of inclusive jet production.
 Why inclusive jets? Because it’s the biggest xscn there is.

— Use jets with p; >592 and [n|<1.5
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Jet Extinction

CMS-EXO-12-051
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Jet Extinction

CMS-EXO-12-051
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Fractional Uncertainty

Jet Extinction
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Jet Extinction cws-exo-12-0s1
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Summary

* New physics will need to be rooted out.
— |t does not appear to be “easy” at 8 TeV.

* New models of physics are needed!
— Have presented a few, many analyses still going

— Shown very good understanding of MET/ jet spectra,
leptons, etc.

e Collaboration between theorists and
experimentalists very important

— Especially now. 2015 is just around the corner.



