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Theoretical Background

. Quarks and leptons are probed to be
Fe rmion elementary up to scales of 101> m or TeV
substructure |
. Maybe substructure? Constituents =
(Compositeness) “preons”. New strong gauge (metacolor)
interaction of scale Lambda A is introduced.
? Pati & Salam, PRD 10 (1974), 2500 citations
o
Concept similar to Fermi’s theory of beta
decay 5

i Beta decay

May address open questions:

e Replication of SM families

* Their complex pattern of masses
and mixing angles |

 Large number of fundamental i

N  Below the EW

pa rti CIeS interaction scale // Above M,,

uda
n
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- {How To Find Compositeness?

Excited leptons and quarks 4-fermion contact interaction (Cl)
L,0x 0% .. q,q* q** below compositeness scale A

e Sort out by mass (or spin), sharing

A 1 jet
flavor with corresponding SM particle 7 R J

* Direct evidence for fermion substruc- q [
ture = rich spectrum of excited states !
« Known {,q regarded as ground states Search channels: pv, pu, jj
o, 10° 1
+ = 10° =
q Ny oIS, H g -
y 5103 DDDDD —]
q . S 1o .
Search channels in CMS 10" -
) ) B
ecy, upy 9 qu (dijet) 107 500 1000 1500 2000
q*Z%Z%pp M, (GeV/c?)
Limits being set on masses of excited ,q Leads to deviations in well

. known spectra
and the compositeness scale A P
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4 Search Modes for Compositeness

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO

1) Production of excited quarks and leptons
— With leptons = striking signature with good separation from bkgr
— Dijet bumps from generic scan of dijet spectrum

EXO-12-016 ¢g* bumps in dijet mass spectrum
EXO-11-025 ¢g*  in highly boosted Z-> uu
EXO-11-034 e*, u* process e.g. ee*>eey, pu*=> puy

2) Four-fermion contact interaction accessing compositeness scale A

— Search for deviations in well known distributions

EXO-11-009 search for excess in Standard Model DY spectrum
EXO-12-010 excess in pv transverse mass spectrum
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Bumps in Dijet Spectrum? >

. CMS-PAS-EXO-11-094, CMS-PAS-EXO-12-016
Many theories addressed with dijet analyses:

. . = CETrrr
Excited quarks g* from qg fusion would 8 e cvspeimmavaom -
S E Fit E
appear as heavy resonance CHE N 250 Py -
£ 107 =
. O ; - Jet Energy Scale Uncertainty §
* Model independent search for narrow 8 107k .
. . . F W (1.5 TeV) =
resonances with res. width < jj mass resol. . . _ B
= - E; diguark (3.5 TeV) E
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“bumps”. Varying signal window- E NsemTev -
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* in highly boosted Z%HJ&

CMS-PAS-EXO-1

Search channel: g*2>qZ =2 gquu. g* produced via 4-fermion Cl or gauge boson
exchange. Signal: Two boosted (nearby) muons opposite a jet = flat excess in pu

(NM‘S CMS Experiment at LHC, CERN
- / Data recorded: Sat Apr 23 01:37:06 2011 CEST
~% | Run/Event: 163300/ 101936668

é‘ - ’—._'j/ Y\ Lumi section: 187
- ' Orbit/Crossing: 48997136 / 57

(9)

MS Preliminary, 5.0 fb' at Vs=7 TeV
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Search performed in 1/pT(up) Main background are DY+jets

Background determination: Template fit to high statistics, signal-free region of 1/pT,
corresponding to pT 125-360 GeV. Extrapolation to high pT

Signal efficiency x acceptance 50-70% (increasing with g* mass)
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| A search for g* in highly boosted Z- i

CMS-PAS-EXO-11-

Search channel: g*2>qZ =2 gquu. g* produced via 4-fermion Cl or gauge boson
exchange. Signal: Two boosted (nearby) muons opposite a jet = flat excess in pu

CMS Preliminary, 5.0 fb™' at {s=7 TeV _(?-_M*:Ef Sﬂii’éﬂfg‘ﬂéfﬁi‘gfie%ﬁiﬁ;ua 2011 CEST
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Search performed in 1/pT(up) Main background are DY+jets

Background determination: Template fit to high statistics, signal-free region of 1/pT,
corresponding to pT 125-360 GeV. Extrapolation to high pT

Signal efficiency x acceptance 50-70% (increasing with g* mass)
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Limits on Excited Quarks

CMS-PAS-EXO-11-025

* Shape analysis, unbinned maximum likelihood fit L.,, and L,
* Interpretation in terms of excited quarks q*Z->q u* p- different production
mechanism. Assuming M- = Aand f= ' = f; = 1

4-fermion contact interaction via gauge boson exchange
Mg < 2.14 TeV Mq* < 1.94 TeV
CMS Preliminary, 5.0 fb™! at\'s=7 TeV CMS Preliminary, 5.0 fb™' at\/s=7 TeV
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Contact Interactions 2> pupu

CMS-PAS-EXO-11-009
(uu) SM DY has same dimuon final

Slgnal manifested as broad excess in M.
state —> scattering amplitudes add up,

inv

left-left isoscalar model (LLIM)
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Sras _ - .. . ]
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with 5/fb 2011 data

CMS-PAS-EXO-11-009
Single bin counting

6
{":l 1 D _I | | | | | | | | | | | | | | | | | | J_ . . .
© CMS Preliminary . 95% C.L. Bayesian limit
% 10 Vs =7 TeV il Aﬂ=1 TeV (destr) | Ns=7TeV, J Ldt=53fbh"
(D \ — A =;1&3 :Eﬂntsti:l — L e B B B e
= 3 A= e esir. _ - -
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= 3 = B“trm = B ]
5107 Cz - < 1ef .
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[ ] Expected limit 1o i
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10 3 | — Observed limit ]
» 4 1 L . L . L L 1 1
500 1000 1500 2000 500 1000 1500
M, (GeV/c?) M (GeVie?)
. Source COM (TeV) L (/tb) Dest. A(TeV) Const. A(TeV)
Background dominated by DY=>py, also PDG (CDF 1999) 18 0 29 42
contributions from ttbar and VV. W is PRD (ATLAS 2010 data) 70 002 45 49
rejected by requiring two muons. QCD by ATLAS 2011 (submitied to PRX) y 12 7.0 8.0
This analysis " 5.3 95 13.0

requiring muon to be isolated.
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Single Muon Spectrum 2012 data

“Helicity Non-Conserving Model” (HNC) ad-hoc model
predicting excess in lv transverse mass spectrum = same
final state as W= Iv but different structure of excess

e PDG limit for electron channel A>2.81 TeV

Phys. Rev. Lett. 87, 231803

CMS-PAS-EXO-12-010
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Events / 10 GeV
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* Signal efficiency times
acceptance ~78%
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Bayesian limit at 95% C.L.

2012 data

CMS-PAS-EXO-12-010

* Main background is SM W. Total
background from fit to simulated M;
spectrum

e Search in M; spectrum. Single bin counting
above M. . threshold optimized for best
expected limit.
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CMS-PAS-EXO-11-034

Triggers: single-p, di-e, di-y
Two oppositely charged leptons
Mg > 60 GeV

Photon separated from lepton
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4 Search for Excited Leptons

CMS-PAS-EXO-11-034
95% C.L. excluded cross sections m(e*) || Mpm - M Muon channel Electron channel
for 0.6 TeV < M(I*) < 2 TeV (TeV) || (TeV) (TeV) | cugoat (%)  Nokgd  Niata | €signat (%) Noiga  Niaa
e* 1.6fb—-1.3fb 0.2 019 020 |282+13 1161 2 |248+18 09771 2
" 0.4 028 038 [391+18 161193 3 |327+£24 00943 1
H 1.3fb-1.11b 0.6 042 055 |454+20 002% 5 0 [366+26 00053 0
- +1.41 +1.36
For A = M('*) m|*<1.9 TeV | 08 056 075 |453+£20 000% 4 0 |378x27 0001136 0
1.0 070 075 |485+21 000+t 0 |4044+28 000113 0
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E g C e Thresholds increase with I* mass
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Many searches for compositeness and contact interaction
in CMS ongoing

@ * First results already with 2012 data at sqrt(s)=8 TeV

* Noindications for compositeness yet. Limits on excited
fermions up to 3 TeV. Limits on Cl up to 13 TeV (depending
on model & mode).

Excludedm/ A
Excited fermions

il < > eev m<1.9 TeV 5/fb @ 7TeV
‘ / W* -> ppy m < 1.9 TeV 5/fb @ 7TeV
q* -> qg (dijet) 1TeV - 3.2TeV dijets | 4/fb @ 8TeV
q*Z-> jup m<1.9 TeV 5/fb @ 7TeV
Compositeness scale
o comst  A<13Tev /b @ 7Tev
Copndestt A< 95Tey S/t @ 7Tev
Single A<8Tev 3.7/fb @ 8Tev
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