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2010-2012: Successful Runl

-

Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

Events /1.5 GeV

-

99.9 99.1 199.8 0991 99.6 99.6 99.8 100. 99.6 99.8 99.5

S/5+8) Wemma

All good for physics: 95.5%

ATLAS 2011-12 is=7-8 Tew
Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at

Vs=8 TeV between April 4t and December 6t (in %) — corresponding to 21.3 fb of recorded data.

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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BSM Searches at the LHC /\

Resonance Shape Rate

Excited

quarks/gluons In this report, we focus on

ATLAS and CMS resonance

dimensions searches for

(RS graviton)

) (1) Leptoquarks (or SUSY)
Extended . Leptons+Jets

gauge =
symmetry ; .
m : (2) Excited quark
Jet+photon
m Qtl (3) Excited lepton

Lepton+photon

Katharine Leney




Leptoquarks See also poster from Andrey KAMENSHCHIKOV

GUT, Composite or Techicolor models
With both baryon number (B) and lepton number (L).
Fractional charge, scalar or vector: Scalar in BRW as a benchmark

FCNC limit disfavor LQ couples to different generation leptons and quarks

Mass, Decay Branch Ratio 5, Yukawa coupling A,,_,,

Pair or Single production of LQs

gg fusion and
ggbar annihilation;
Only depend on
My

depend on both
MLQ and ALQ—)lq

LQs decays:
BR(LQ - 1+ q) = B; BR(LQ»v+q)=1-p




LQ1 in PDG

2014 Review of Particle Physics
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ATLAS 7TeV; CMS 7TeV

K.A. Olive et al. (Particle Data Group), Chin. Phys. C, 38, 000001 (2014).

http://pdg.Ibl.gov/2014/reviews/rpp2014-rev-leptoquark-quantum-numbers.pdf 5



ATLAS 1st/2nd generation LQS 8Tev arXiv:1508.04735

MMjj pre-selections

eejj pre-selections

Trigger: two ECAL clusters

2 and only 2 electrons: |n| < 2.47
pT1 > 40GeV, pT2 > 30GeV

In| < 2.8, pT > 30GeV

2 jets

(the choice of combination makes m’L"Qi" andm

Trigger: SingleMuon (pT > 36GeVl )
2 and only 2 muons: |n| < 2.4

pT > 40GeV and opposite charge
2 jets |n|l < 2.8, pT > 30GeV

Further optimize my;, Sy and mjy"

Lo dif fer smaller)

min

LQ masses myy ST My
[GeV] [GeV] [GeV] [GeV]

SR1 300 130 460 210
SR2 350 160 550 250
SR3 400 160 590 280
SR4 450 160 670 370
SR5 | 500-550 180 760 410
SR6 | 600-650 180 850 490
SR7 | 700-750 180 950 580
SR8 | 800-1300 180 1190 610




Events / 200 GeV

ATLAS 1st/2nd generation LQS 8TeV arXiv:1508.04735

Ztjets from control region with 60 < m,,<120 or 70 < m,,<110
tthar from epjj control region
SF obtained from combined fit with HISTFITTER

Fake lepton also from data-driven as in Z’ search (PRD90, 052005 (2014))
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ATLAS 1st generation LQS 8TeV arXiv:1508.04735
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ATLAS 2"d generation LQS 8TeV arXiv:1508.04735

LQ2LQ2 production, LO2— u q _ LQ2LQ2 production
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ATLAS 3'dgeneration LQS 8TeV arXiv:1508.04735

Reinterpreted from two analysis SUSY for LQ3LQ3 — tvtv, and bvbv

5 LQ3LQ3 production, LA3— b v,

, LQ3LQ3 production, LQ3— t v.
gI0E I 1 T T T T T 3 W01 T 1 T T T T T T T 3
- 3 - , -
E : ATLAS % GL{'.'I:! b {1 - ﬁf + ﬁmm {B = D} : E r ATLAS % GLQ;; * {1 - ﬁf t Gmwy {B = U} .
102k 1s=8TeV,201f0"  — expected limit — ‘1.11 " | 15=8TeV, 203 1b" —  expected limit |
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bv.bv.(B = 0.0)

mrQ3 < 640 GeV

mros < 625 GeV

tv.tv(f=0.0)

200 < mpg3 < 685 GeV

210 < mrg3 < 640 GeV

Reminds: Previously at 7TeV,
pair productions with LQ3 - tbh = LQ3 < 534GeV,forff =1 10



8TeV CMS PAS-EXO-12-041

CMS 1stgeneration LQs

eejj selections
ele+dijet HLT
2 and only 2 electrons:

pT > 45GeV, |n| < 2.5
2 jets |n| < 2.4:

pT1 > 125GeV, pT2 > 45GeV
m,, > 40GeV, Sr > 300GeV
Veto tight muon with pT > 10GeV

min

Further optimize m,,, Sy and mg;

evjj selections
ele+dijet HLT
1 and only 1 electron:

pT > 45GeV, In| < 2.1
2 jets |n] < 2.4:

pT1 > 125GeV, pT2 > 45GeV
EMss > 55GeV, Sr> 300GeV
A@(ETsS,e) > 0.8, A@(ET5,j1) > 0.5
mMinAR (e, jets) > 0.7
Veto tight muon with pT > 10GeV

Further optimize ET*S, Sy, m,;,
and my ¢,

51 [GeV] 435 | 485 [ 535 | 595 | 650 | 715
Mee [GeV] 110 | 110 | 115 | 125 | 130 | 140
m:_‘l" n [GeV] | 50 | 105 | 160 | 205 | 250 | 290

LQ mass (eejf)
300 | 350 | 400 | 450 [ 500 | 550 | 600 | 650 | 700 | 750 [ 800 | 850 | 900 [ 950 [ = 1000
780 | 850 | 920 | 1000 | 1075 | 1160 | 1245 | 1330 1425
145 | 155 | 160 | 170 175 180 190 195 205
325 | 360 | 390 | 415 435 450 465 470 475

11



CMS 1stgeneration LQS 8Tev CMS PAS-EX0-12-041

eejj
Z+tjets from control region with 70 < m,,<110
tthar from epjj control region, with single muon trigger
QCD multijet from loose el sample with single photon trigger

evj
W+jets and ttbar evaluated from
(1) ttbar-enriched region: 70 < mr,,<110, = 4jets
(2) W+jets region: same as (1) but < 4jets
QCD multijet: similar as eejj
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CMS 1stgeneration LQS 8Tev CMS PAS-EX0-12-041
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CMS 1stgeneration LQS 8Tev CMS PAS-EX0-12-041
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CMS 2nd generation LQS 8Tev CMS PAS-EXO-12-042

pujj and pvjj channles, details similar as for LQ1 | SMSPrelminary  Vs-8Tev  196M"
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CMS Single produced LQ1/2 8Tev CMS PAS-EXO-12-043

q g

Focusing on B=1

eej for LQ1

puj for LQ2

—_— a4
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Fiducial xsec for
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—— lstgen.c  A=04
. 1stger1_cm‘i‘h=0_6

_ 1stger1_cm‘ =08
—— 1stgen.c, A=1.0
—— 2ndgen.¢ . k=10

I BRI R R SRR B TN NN R L
500 1000 1500 2000 2500 3000
LQ Mass (GeV)

q
g q
L % LQ < %%DJC
LQ - T
" : q
A Lok ‘ , ¢

4 q ¢

T'wo generator cuts:
m;; > 110GeV to remove Z interference
M, > 0.65M;, or M,;>0.75M;, to

remove low mass tail from t-channel
diagrams

selections

2 leptons: pT > 45GeV, |n| <21

ljet |n|l < 2.4, pT > 125GeV

AR(l, jet) > 0.3

Further optimize M;; and Sy for each mass
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CMS Single produced LQL1/2 8Tev CMS PAS-EXO-12-043
March 2015

Zly*+jets, ttbar, QCD multijet from Data-Driven

CMS  Prelimina 19.6 ib™" (8 TeV " .
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3rd generation LQS pLB 739 (2014) 229

pair productions with LQ3 — tb

19.7 fb™ (8 TeV)
| T T T
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Excited quark
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ATLAS  Excited quark: q+y

Phys. Lett. B 728 (2013) 562
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CMS Excited quark: g+y Phys. Lett. B 738 (2014) 274
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ATLAS

Excited lepton: I+y

NJP15 (2013)093011
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ATLAS  Excited lepton arXiv:1411.2921
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Excited lepton:

q

CMS
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ATLAS overview

Scalar LQ 1%t gen 2e >2j - 20.3

Scalar LQ 2" gen 2u >2] - 20.3

Scalar LQ 3" gen le,p 21b,23] Yes 203
pg=1 Preliminary
g=1 Preliminary
p=0 Preliminary

Excited quark ¢* — qy 1y 1j - 20.3

Excited quark ¢* — gg - 2j - 20.3

Excited quark b* —» Wt lor2epui1b,2jorlj Yes 4.7

Excited lepton £* — £y 2eu 1y - - 13.0

Excited lepton v* — {W,vZ et = - 20.3
only u” and d°, A = m(q") 1309.3230
only u* and d*, A = m(q") 1407.1376
left-handed coupling 1301.1583
A=22TeV 1308.1364
A=16TeV 1411.2921

https://atlas.web.cern.ch/Atlas/IGROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/ATLAS_ Exotics_Su
mmary/ATLAS_Exotics_Summary.png 26
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsCombined/exo-limits_Moriond2015.pdf 27



Run2 and future

J|E[MIA[M|I[]]A[S|O[N|D] I |F[M|A[M] ] JASON|DJ E|M{AIM| 1] ] [A]S[O|N[D] I [F|M[A[M|] JASON|DJ EIM{AIM| ]| [A]S[O|N[D] I |EIMIAIM D] [A]S[OINID] I [F{MIAIM| ]I A|S|O[NID]I|E[M]A[M] 1[I |A[S|O[N|D] I F[M]A[M] ][] |A|S|O[N|D
EYETS LS2 L53 2.5 years
\|_|_|_|_4| | to mid 2025
Shutdown/Technical stop
Protons physics

Commissoning Run2 Start on June/03, 2015, with
stable beams at energy 6.5TeV

. o Integrated
Phase Days ‘thsu:s efficiency e
[nitial low luminosity run |T-" 20% {few pb-1
50 ns intensity ramp-up :EL;: from 20% 0.1 fb-1
| -
. / i
25 ns phase beta*=80 cm 65 30% 4 fb-1 R .

CMS Experiment at the LHC, CERN
" W Data recorded: 2015-Jun-03 08:48:32.279552 GMT

| Run/Event/LS: 246908 / 77874559 / 86




Collider Reach http://collider-reach.web.cern.ch

system mass [TeV] for 13.00 TeV, 1.00 fb!

system mass [TeV] for 13.00 TeV, 100.00 fb!
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Run2 1fb-1, already surpass Runl at ~3TeV
10fb-1 start overtake Runl
100fb-1 3TeV-5-6TeV

2014 Review of Particle Physics
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« Extensive studies from Runl ATLAS and CMS
« Most stringent limits on Leptoquarks, Exited Fermions,
at TeV scale

 Run2 will definitely tell us more

Thank you!
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TeV Scale New Physics: hints and candidates

ﬂﬂﬂﬂﬂ

Fine Tuning e = +O+

« Dark matter R i
« Gauge Unification aMﬁ:(iignggrz}_ﬁygm) 3;:2_
 Flavor structure o,
« Baryon Asymmetry Y SR T
N e
i =, 1 1
Dark 683% « ®
Matter €0 80 ~— Minimad
26.8% 0. ™ Supersymesetc
- 40 "h”‘--.kﬂa:;au? Moded
30 L emeen . R
TODAY 20+ /
« SUSY 0 N
« Extra Dimensions R S
 Extra Gauge Symmetry: W,, 2.’ FIG. 8: Unification of interactions helped by SUSY
« Exotic heavy Quarks, Leptons, Leptoquarks ...

Compositeness: contact interaction ...
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Di-jet resonance Phys. Rev. D 91, 052009 (2015)
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W. Buchmuller, R. Ruckl, D. Wyler, Phys. Lett. B 191 (1987) 442;
W. Buchmuller, R. Ruckl, D. Wyler, Phys. Lett. B 448 (1999) 320

(Erratum).

Table 1: Possible leptoquarks and their quan-

tum numbers.

Leptoquarks Spin 3B+ L SU(3). SUQ2)w U(l)y Allowed coupling
S| 0 —92 3 1 1/3 G5l or Uhep
S 0 —2 3 1 4/3 dsep

S| 0 -2 3 3 1/3 Tl

1,;le2 1 ~9 3 2 5/6  qiAter or dpytlr
Vi 1 —2 3 2 ~1/6 UYL

SLQ 0 0 3 2 7/6 grep or aply
Sips 0 0 3 2 1/6 dply

%T 1 0 3 1 2/3  qry*lp or dpyteg
f'D T 1 0 3 1 5/3 apYter

A 1 0 3 3 2/3 "L
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ATLAS 39 generation LQs 8TeV arXiv:1508.04735

The results for each LQ3 channel cannot be combined since the parent leptoquarks have different
electric charges in the two cases ( %e’ for the LQ3LQ3 —bv,bv; channel and %e for the LQ3LQ3 —tv.iv;
channel. where e 1s the elementary electric charge). The branching fractions of LQ3 decays to bv; and
fv; are assumed to be equal to 100% m each case. Although complementary decays of a charge %e (%e) LQ
mto a tr rr (br™br™) final state are also allowed. kinematic suppression factors which favour LQ decays
to b-quarks over 7-quarks and the relative strengths of the Yukawa couplings would have to be considered.
Since these suppression factors are model dependent. limits are not provided as a function of 5 for the
LQ3 channels, contrary to the LQ! and LQ2 analyses|
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ATLAS  Excited lepton: I+y NJP15 (2013)093011

Finally. two additional requirements are applied to drastically reduce the
backeground level. The first one, referred to as the “Z veto” in the following, requires
the dilepton mass to satisfy my > 110 GeV. The second 1s a variable lower bound
on the dilepton-photon mass that defines the signal search region. As a result of
optimization studies, the signal region for me < 900 GeV 1s mygp, > myes + 150 GeV.
For mg > 900 GeV, 1t 1s fixed to myge, > 1050 GeV. The signal efliciency for these two
requirements is above 98% for my« > 200 GeV.
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ATLAS  Excited lepton arXiv:1411.2921

For low A-values, a broad range of masses up to 2 TeV can be excluded, while for higher A-
values, only low masses are excluded. In the low-mass region, v; — £+ W is the main decay mode
for excited neutrinos, while {* — ¢ + ~ i1s the main decay mode for charged leptons. Therefore,
pair-produced v and v, have the highest acceptance due to their final states with at least three
leptons, and thus they have the most stringent limits.
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