BSM Summary

Contributions from various authors

G. Azuelos, E. Perez, editors of BSM chapter of LHeC CDR

overview of chapter
= Leptoquarks
= contact interactions
= heavy and excited fermions
= diquarks
« RPV SUSY
= Higgs by VBF — coupling to bbar
= WWH anomalous coupling
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Introduction

LHC is a “discovery machine”
= new bsm physics will likely be discovered there first

o for now, tension in MSSM scenario, bounds on new physics, hint of a

Higgs-like signal at 125 GeV

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ CombinedSummaryPlots

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: March 2012)
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Large ED (ADD) : diphoton Mg (GRW cut-off) ATLAS
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5 ADD BH (M7 M,=3) : multijet, Xp , N M, (6=6)
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-~
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Scalar LQ pairs ($=1) : kin. vars. in pujj, pvijj
“ 4" generation : Q Q,— WqWq
X 4" generation : 114404—> WbWb
g 4" generation : d d,— Wtwt
g

New quark b' : b'B'— Zb+X, m,
+ T 1- + i +

°‘°’“‘“E‘i?éféétqué&é":"y"jje!?'r)éséﬁgncg?n’f‘“f
Excited quarks : dijet resonance, l%eu
Excited electron : e~y resonance, m_
Excited muon : p-y resonance, m _
Techni-hadrons : dilepton, m
Techni-hadrons : WZ resonance (vIil}, m_
Major. neutr. (LRSM, no mixing) : 2-lep + jéts
Wg (LRSM, no mixing) : 2-lep + jets

H* (DY prod., BR(H""—up)=1) : 88 dimuon, m
Color octet scalar : dijet resonance, m.
Vector-like quark : CC, m,,,
Vector-like quark : NC, m,

Excit. ferm.

eefup

Other
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ssscev 2" gen. LQ mass

B0 GeV. Q, mass

404GeV. U, mass

480Gev. d, mass

4006Gev b'mass

a206ev. T mass (m(A ) < 140 GeV)
q* mass

q* mass
e* mass (A = m(e”))
w* mass (A = m(u*))
pT/mT mass (m(pT/mT) -m(n;) =100 GeV)
p_ mass (m(p.) =m(x;) +my, m(a )= 1.1m(p )
N mass (m(WR) =2TeV)
Wy mass (m(N) < 1.4 GeV)

Scalar resonance mass
Q mass (cou'pling Kqq = VIMg)
L1l |? rass (coluplmgl Kq? =|VIT°|)

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

LHeC:
What could be the “added value” of LHeC for BSM physics ?

o new physics at high scale
= specificity of LHeC :
Why do leptons and quarks share (only) EW interactions?

= New physics at very high energy scales:
effective theory: contact interactions — deviations from SM

= Intermediate, accessible scale:
- new bosons: leptoquarks, leptogluons
- excited states of fermions (g-e compositeness)
- diquarks
- anomalous g and e interactions — in particular with ¥q
=>» higher reach in single production for specific processes
=» possibility to study properties of new particles & interactions
= SUSY — see talk by Monica D’Onofrio
o Higgs couplings to bb, probing VVH coupling
— see talks by Masaki Ishitsuka, Bruce Mellado
o cleaner environment, better S/N
o improved pdfs =» higher precision from measurements performed at LHC
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Leptoquarks

LQ’s carry baryon and lepton number 3 e td 5 e td
) ) ) ) o =1 LQD = .
= squarks decaying by R-parity violation ""rRPV ™ Tk ik tu—sd—e +u
= B4 new fields possibly having both B and L quantum numbers
= technicolor: bound states of technifermions
» Pati-Salam: lepton is a 4" quark color

LQ

LHeC is ideal for the study of leptoquarks

- s-channel production in e*p collisions d d

LQ’s can be scalar or vector
= Buchmiiller classification (many other conventions)

- family mixing — FCNC and LFV, lepton universality

- non-chiral ? (couple to L and to R quarks simultaneously?)
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LQ’s at the LHC

B0 eejj+evij (Exp.)
— cejj+evijj (Obs.)

[ Do (5.4 b
----- CMS (36 pb™)
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m.q [GeV]

Phys. Lett. B709 (2012) pp 158-176

At the LHC, pair production is essentially independent
of the L@ -q-e coupling A — pair production abundant

q q q
L
g 1q l Q 1 q : 1q :
LQ LQ
: LQ - g - LQ 4 . _ _
1st generation LQ pair

I I l G 1IIIII"';-'I""IIIII prerrprrTT T T
b -y ATLAS -
q 1 1 G nab P Tl ]
La = ) E
! 1| 1 . & LQLQ - eejj+evjj
1} g g g8 a LQ - i E
g q @ JLdt: 1.03f" 3
g L9 =
! single LQ production 1 Ns=7TeV _%
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LQ’s at the LHC at 14 TeV

single production suppressed by

251 .
< [ ATLAS Collaboration, ATLAS 7
2 | cern. o= Signal 400 Gev dependence on A
g 20~ OPEN-2008-020 — Drell-Yan _
- I (arXiv:0901.0512) || = =—=q il
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% 10 = 1.2 = Sig s
% T 100 fb! First generation ] - ® A =8 3 LHC
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10 | - 06 0.8 1 .2 14 1.6 18 2

includes yg > e+ LQ Mass, Tev
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: production, eq and vq channels

.3:
10 F
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10 ¢ .
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LQ cross section at the LHeC

H1 and ZEUS:

A <aro ~0.3 for I generation LQ of mass < 300 GeV

1(L;“s;alar La@single production

'8_ j0% — LHeC,e"d (E, =70 GeV)
o LHeC,e d (E, = 70 GeV)

102 .
— LHeC,e"d (E, =140 GeV) 1

LHeC, e d (E, = 140 GeV)

LHC dg+dy

10 ""

400600 800 1000 1200 1400 1600
LQ Mass (GeV)
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]
< SRR Tevatron 10 fb™
10 L—— LHC 100fb™e —— LHeC, Ee=70GeV, 2x 10 fb™
St e u coupling .
LI
0L nel exchange in
E roduction
- pair production
2 4
10
3 s
10 Ll

M, [GeV]

contact term for high mass LQ
= distortion of NC cross section
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If LQs are discovered, what can we learn at the LHeC?

Simpler and more direct mode of production allows measure of
quantum numbers and couplings:

F: fermion number can be obtained from asymmetry in single LQ
production, since ¢ have higher x than ¢q

o_—0. |>0forF=2
A —_ (3] e
c_+0, (< 0 for F=0
can also be probed in single ? I
LQ production at the LHC, Q 1l
but cross section is low E I
> I
< 0.8
0.6
04
0.2
- @ LHeCE,=140GeV, 1fb"
| O LHeCE,=140 GeV, 10 fb™'
1 I 1 1 1 l 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1
0 400 600 800 1000 1200 1400 1600

M, , (GeV)
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Fermion number determination

Simpler and more direct mode of production allows measure of quantum

numbers and couplings:
F: fermion number can be obtained from asymmetry in single LQ
production, since ¢ have higher x than q

A 6.-0_ |<0 for F=2
c_+o, (> 0 for F=0
Fermion number determination

can also be probed in single = © TR T T
LQ production at the LHC, 2 o 107 S,,z LQ,A=0.1 o
but cross section is low £ N ]

3 =
[7) o
) S 10 ]
) -
F=2
1 3 3
I — LHeC, E,=70 GeV, 10fb ‘1

0.2 B LHeC, E. =70 GeV, 00fb

- ® LHeCE,=70GeV, 10 fb 1

- _ 4 — LHeC, E =140 GeV, 1ifb”
ol teeRs0GeIRDT ] 4| = LHeC, E=140 GeV, {10 fb"

400 600 800 1000 1200 1400 10 600 800 1ooo 1200 1400 1600
M, q (GeV) M, (GeV)
Preliminary results for LHC obtained with CalcHEP,
new LQ model by A. Belyaev and A. Pukhov (private comm.)
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Asymmetry also probes the LQ charge

LQ charge and flavor structure

LHC vs LHeC

—

-
»

o
@

o
22

Asymmetry

o
A

LQ mass (TeV)

scalar leptoquarks

o
o

ep->LQ+X

o

©
N
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E, =140 GeV. E =7 TeV

S, LQ, 2= 0.1

I
E, =70 GeV
100fb™"

LQ Mass (GeV)

note: LQs belonging to an isodoublet might
be degenerate
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Other properties of LQ’s

spin
= at LHC, pair production of LQ-LQ leads to angular distributions which depend
on the g-LQ-LQ coupling =» may need to look for spin correlations

= at LHeC, cos 6* distribution of LQ decay is sensitive to the spin
scalar : flat do/dy
vector : do/dy ~(1—y)’ [y = %(1 + cosB*):l
NC:~y™

= vector leptoquarks can have anomalous couplings

BR to neutrino
= good S/B in vj channel

A = e-q-LQ coupling
= knowing the charge and spin, A can be determined

G proa ™ (27 +1)A°

chiral structure?

= could be probed by measuring sensitivity of cross sections to polarization of the electron
beam

15-Jun-2012 G. Azuelos — Chavannes Workshop
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Leptogluons

Leptogluons are color-octet partners of leptons
In certain compositeness models, the lepton may be a bound state of 2 color triplet preons

They couple to a lepton and gluon, and the phenomenology is similar to that of LQ's
(but different spins = different ang. distributions)

L = ZAZ {l8 qua o™ (nply + nrlr) + h.c.}

140 GeV x 7 TeV

108

T T T T T —Mes ;

10" ooy Mo, GV | Lint = 170 | Loz = 10/b2

10: g el 500 245 (320) 440 (570)

‘°2 F ; 750 150 (195) 275 (355)
g 1000 82 (110) 5 (205)

:z : 1250 41 (56) 81 (107)

ot b 1500 16 (23) 4 (46)

102 _ Achievable compositeness scale (in TeV) for 56

10° o p 500 1000 1200 1200 (30) statistical significance

M.g(GeV)
Typical cross section M. Sahin, S. Sultansoy and S. Turkoz
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Contact Interactions

Substructure? GUT representation? exchange of a heavy particle (LQ, G*)?

New physics could be at a higher scale A > Js :

LQ mass >> s, 4-fermion interaction = M, |~ A~
A: Mg of extra dimension models,
compositeness scale ><
dre .. .
£=—A2 303" q=u,d; e=1=l1

ij:e,q) =1, fL'Y“fL +MNg fRy#fR + h.c.

(@) ()
na nb
2

ab

= all combinations of couplings N, =47 €

At the LHC,

= 4-quark contact interaction (dijet cross section and angular distribution):
2> A <7.8TeV — extrapolate few 10’s of TeV

= dilepton production
= with1fb'at7 TeV, A>7 TeV — extrapolate to ~ 30 TeV with 300 fb-!, 14 TeV

15-Jun-2012 G. Azuelos — Chavannes Workshop




Contact Interaction

Model 757 7mi%R nEL nER Wit MiR MRL MhR
VV. 49 +n +n +n +n +n +n +7

= A ! .' E
"'< F - -- nosys.unc. i i +<
L — 5% sys. unc.
HERA 60 GeV 60 GeV 140 GeV 140 GeV HERA 60 GeV 60 GeV 140 GeV 140 GeV
2x10fb™ 2x100fb™ 2x1b™ 2x10fb™ 2x10fb™ 2x100fb™ 2x1fb™ 2x10fb™
g - —
. k rad
Quark radius from Q2 dependence o o6 Quark radius
of DIS cross section = Bounds at 95% CL
g (without systematics)
do . (I(T'S‘M f,Q((, 2) fQ((QQ) 0.2
dQ? — de? c ) Jq ¢
0 HERA 60 GeV 60 GeV 140 GeV 140 GeV

2x10fb™ 2x100fb™ 2x1fb™ 2x10fb™
A. F. Zarnecki, arXiv:0809.2917
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resolving ambiguities on scale of compositeness

= 2_ LA L L L L L L B L L
w - o
(o) C $
S “8F DY at LHC, LL model -
1.6 & .
14f statistical uncertainty . 7 :
1.25— .......
1F —
0.8F ]
0.6 AT =30 TeV 3
oaf — A" =30TeV ]
0-2;— """" A =20TeV .
0-—000 2000 3000 4000 5000
M, (GeV)

reach on compositeness scale
comparable to LHC reach,
but LHeC resolves ambiguities:

= sign of interference determined
from asymmetry e*

= chiral nature of the interaction from
polarization

15-Jun-2012
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E. Perez
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Excited fermions

Excited fermions could be produced directly if their mass is below compositeness scale
Assume spin = %3, L, R doublets

- gauge interaction Lagrangian

| | 5 conventional reference point:
1 = Ta a rpr A’a a 'f -f 1
£—HfRGuV|:gf7Ww+ngﬂV+gsf87GuV:|fL = O'~P N

similar Lagrangian for 4th family lepton: replace couplings by anomalous couplings

- contact interaction Lagrangian conventional reference point:
A=m', n,=+1, 1,=0

2
4” . - . -y s * % | |
L= A2 3,3% d,=n, Ly goeng fy o en fyfthe+ (Lo R) = o~ I
'3' 1\ -— HERA (\(}]_s=320 GeV)
[ LHeC (Ns=758 GeV)
102 =Nl e LHZC (\/§=1.4 Te(\el)
@) - —— LHeC (/s=1.9 TeV)
10 E “~.,_\ = LHC N§=14 TeV) . .
: M-=A|  gauge interaction
1e \ production cross
: LR section
102k \\
S ey
.3 \
LHC excludes up to ~ 1.8 TeV 10 E'2(1)0' 7005005005000 1200
for production by contact interaction e* Mass [ GeV ]

LHeC has higher cross section
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Sensitivity to excited electron search

— S = LEP
'> - — HERA: all channels
O - N LHC: evy+eey
O [ Nun-ve | [
s i R
F10°F LHE
. LHeC12
10 4 B LHeC: ey s=758 GeV)
"""""""""""""""" LHeC: ey ((s=1.4 TeV)
I I I I_ILHeC ey (\F_1QTeV)

200 400 600 800 100012001 400 16001 800

gauge interaction

e* Mass [ GeV ]

LHeC could probe smaller couplings f/A

15-Jun-2012
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equivalent description for
heavy leptons
14’vﬁ

e . -

=> will be copiously
produced in pair at LHC, but
anomalous coupling
measurement more difficult

Production at LHeC by
anomalous couplings

similarly for excited
quarks (especially if qQg
coupling suppressed)
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Heavy quarks: anomalous couplings in yp collisions

t quark (or g* or Q) — anomalous coupling in yp option

available using Compton back-scattering
pulsed superconducting linac + LHC ring

t — yq also possible at LHC:

£=- ZQ &fa“v(f+hy) A +h.c
9. A q o/ s) 4 Ay e

g=u,c

BR(t — yq) < ~2x10~" with 100 fb™' (CMS)
<7x10™* with 1 fb~' (ATLAS)

note: k/A=0.01= BR(t—>uy)~2x10"°

1 T T T T T T Il T
>
(Y]
(=
=
2
—— ypecollider, £ ™=411fb"
q4 -> qy "
- - -- ep collider, Lep"=1o fo”
=== @p collider, Lep'“=4.1 fb"
0.1 i
—— 1 v T [ T T [ T T [ [ T T
200 300 400 500 600 700 800

Mg, (GeV)

° L 95% C.L.
0.025 |- 90% C.L.
- 68% C.L.
0.02 | 1210 fb-!
i 70 GeV x 7 TeV
0.015 |-
g A=1TeV
0.01 |-
B Y~o_ ¢ b
: q ~ -+
0.005 - e
-l 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1
0.005 0.01 0.015

K

u

IT Cakir, O. Cakir and S. Sultansoy,

PL B685 (2010) 170

1elos — Chavannes Workshop
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Diquarks predicted in superstring-inspired E6 and composite models

= more generically, diquarks could carry charge 1/3, 2/3, 4/3 and be scalar or vector
q

= Yp production:

E, diquarks excluded by CDF in range
290 < mp, < 630 GeV

Phys.Rev.D79:112002,2009 (2009)

LHC can hardly measure the charge

Charge measurement of DQ

Single DQ production in yp collisions:

c=f (M, a, eDQ)
T’ — eDQ
LHC

vector and scalar diquarks can be distinguished by
the angular distribution of their decays

15-Jun-2012

N

do/dMpq (pb/GeV)
=
w

L

3jet SM Béckground

DQ(uu) MDQ=700 [CT-\VAr—
DQ(uu) MDQ=800 GeV

DQ(uu) Mpg=900 GeV -~~~

Vs=1.4 TeV

aDQ=0'1

M
M Sahin and O. eQ
arXiv:0911.0496
G. Azuelos — Chavannes Workshop

kQGeV

ir,

)
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RPV SUSY

LHC imposes very strong constraints on MSSM: what will be the focus in 20207
— Possibly RPV in strong production, stop pair, sleptons, Higgsinos

— importance of pdf's to characterize the physics, if deviations are seen

What the LHeC can do

» M.Kramer and R.Klees working on impact of improved PDF fits on theoretical
predictions for SUSY process:
Example: gl-gl production (assuming m_gl = m_sq) Improve of

: . factor of 2-3 @ 2 TeV
without(blue, CTEQ6) and with (green) LHeC PDF factor of 10 at 3.5 TeV

pre“m,nars{_ PDF-Errors for pp -> gluino + gluino + X

LHCE_NLO
— CTEQ6
s|| — LHEC_NLO

<10

sigma/sigma_cteqb

150 3000
m_g = m_sq [GeV]

1TeV 2 TeV 3TeV 4 TeV 5TeV

slide from M. D’Onofrio
15-Jun-2012 G. Azuelos — Chavannes Workshop
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RPV SUSY

e (& e
~ J 7k
/ _u_L_ - / _d_R_ -
151 11k M
d u
— S "
e - e
e+ e+ e
0
X
LQ
- - =~ q
A1 \ q
d d

RPV violating squark have similar
phenomenology as scalar Leptoquarks

15-Jun-2012

These cross sections are
sizeable for lower mass
sfermions, possibly already
constrained
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Higgs coupling to b

M. Ishitsuka, K. Kimura, U. Klein,M. Kuze, C. Hengler

= Higgs mass most likely in range ~125 GeV

= In this mass range, the principal decay is to bg . ~60%
large QCD background at LHC — Hbb coupling difficult to measure

=>» LHeC can produce Higgs by Vector Boson scattering :

CC,~1601b NC,~40fb for 140 x 7000 GeV
Js=2.05TeV

Challenging measurement, which imposes constraints on the detector:
high backgrounds from single top and multijets

forward acceptance crucial
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Need for a realistic detector simulation
PGS:
= em calorimeter resolution: S%X\/E
- had. calorimeter resolution: 60%x~E
= jet cone: 0.5
= b-tagging: 60% b, 10% c,

=calorimeter coverage up to |n| <5

=180} — o £
b E e e CC background E
& 160 P =
"C\_D 140 S S R — NC bbj background
2 0F > 5
q>)120:— . ] =
W 100 |- — =

~ 15% statistical precision
in Hbb coupling 9y 9ww ' T

15-Jun-2012
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Summary of event selection
= CC only: Etmiss > 20 GeV, 02 > 400 GeV, y,;<0.9

-2 b jets Y= 2 (E—p,)/2E,
- single top veto Qs = Er ias ! 1=9,5)
= forward jet tagging
> - o S ] I—'O—I Ii IS‘-D- Ia(:l Iro;m‘ E
(GDJ 70 :_ 9 e Higgs + backg d__
(@) - CC background ]
I 60 . =
b - & NC bbj background .
5 sof + -
) - ]
t 40 -+' E
o [~ .
o 30F + =

8
]

160 180 200
M, ,, (GeV)

E.=150GeV |E_=60 GeV
(10 fbY) (100 fb})
H — bb signal  [L%5 248

S/N 1.79 1.0

S/\N 12.3 16.1
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Probing the HWW vertex

B. Mellado, R. Godbole

Is the observed Higgs really the SM Higgs: JP¢= 0** ? TS, eb
difficult to study at LHC (and e*e’), ?Hﬁ
except for H -> ZZ®): but rates are low 5
H (k) Wu (p)s W (q) vertex: R
i7" (p,q) £,(p) €,(p)

vV 1% g s W4 o
'“(p,9)=-g M, g" —M—[l(p'qgw)ﬂl €ps P’ ]

w L L I I L N I

C SM 2

At the LHeC: 0.06 |- A= +1: X = =
I A=-1; X = S

forward and backward directions well determined, = A= 0 X =41 S
low background and low contamination e A=0; X=-1 :
0.04 |- ‘ -

from other processes

Sensitive variable: —>

delta-phi between Etmiss and tag jet 0.02

Normalised Cross-section/bin [arb.unit]

: E.= 140 GeV]
0_| PR TR TR S S N N R N TN AR RN BT RT R
0 1 2 3

A(l) MET J [rad]
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Exclusion of anomalous HWW coupling

< 1Ir

067

0.2

0.2}

041

-0.6

08¢}

0.8}
0.4}

oF

Following detailed simulation:

e 1
- Excluded at 95% C.L. &o.s

- ep—v H+X, E =140 GeV 06

i CP even coupling 0.4
\ 0.2

0

a 0.2

: -0.4
10 fb-" e

2 Excluded at 95% C.L. 08
15075 20 25 30 35 40 45 50 I

Integrated Luminosity [fb™]

S. S. Biswal, R. M. Godbole, B. Mellado, S. Raychaudhuri
http://arxiv.org/abs/1203.6285
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- Excluded at 95% C.L.

i e'’p— v Hq + X, E_=140 GeV

d CP odd coupling

:\

i Excluded at 95% C.L.

50 TE B0 55 5035 4045 50
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0 LHeC can complement LHC in understanding new
physics phenomena

o contact interactions
o Leptoquarks and RPV SUSY:

= LHeC is ideal machine to study in detail all properties
o excited and/or heavy fermions

o anomalous couplings
O Higgs parameters
o H-b-b coupling can be measured through VBF, H — bb
= needs good detector performance
o HWW coupling:

= CP-odd component through phi correlations between tag jets
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ATLAS SUSY Searches* - 95% CL Lower Limits (Status: March 2012)

T TTTT

T T T TTIT] T T T1
G=gmass
G =gmass

MSUGRA/CMSSM : 0-lep + j's + E ..

MSUGRA/CMSSM : 1-lep +j's + E JLdf =(0.03-4.7) fo

T miss

2 MSUGRA/CMSSM : multijets + E .. gmass (large m,) 0 fs=7TeV
IS Pheno model : O-lep +j's + E; .. Gmass (m(g) <2 TeV, light 1) ATLAS
E Pheno model : 0-lep + s + E gmass (m(@) <2 TeV, light 77) Preliminary
2 Gluino med. ¥ (§— qGx ") : 1-lep +J's + E iee gmass (m(7,) < 200 GeV, (%) =%(m(i°)+m(§))

3 GMSB : 2-lep OS__ + E; e, g mass (tanf < 35)

= GMSB : 1-t +j's + ET e g mass (tang > 20)

GMSB :2-t1+j's+ Er - g mass (tang > 20)
GGM:yy +E — g mass (m(i‘:) > 50 GeV)

_ Gluino med. b @-bb,) : 0-lep + bi's + Er gy §mass (m(f) <300 GeV)

;§ Gluino med. t (g—)ttx y:1-lep + b-j's + E; o g mass (m(x ) < 150 GeV)

§ Gluino med. t (g—)ttx }: 2 -lep (SS) +j's + E; e g mass (m(x ) <210 GeV)

g Gluino med. t (g—)ttx )i multi-f's + E; . g mass {m(x ) < 200 GeV)

E: Direct bb (b o bx }:2b-jets + E . b mass (m(x ) <60 GeV)

Direct tt (GMSB) Z(—)II) + b-jet + E

8 Direct gauglno (x xz - 3Ix ) 2 Iep SS+E, m,ss”

T mass (115 <m(x ) <230 GeV)

7, mass (M(X,) < 40 GeV, 1. m(%,) = m(i,), m(L¥) = Hm(%;) + (7))
x mass (m(x ) <170 GeV, and as above)

7'(: mass (1 <t(x1) < 2ns, 90 GeV limit in [0.2,90] ns)

g mass

AMSB Iong-llved x

Stable massive particles (SMP) : R-hadrons
SMP : R-hadrons

SMP : R-hadrons

SMP : R-hadrons (Pixel det. only)

e GMSB : stable T
- RPV : high-mass ep
& Bilinear RPV : 1-lep +j's + E; ...

MSUGRA/CMSSM - BC1 RPV : 4-lepton + E ...

b mass

Tmass
g mass

v, mass (4;,,=0.10, 4,,,=0.05)
G =g mass (ct gp < 15 mm)
g mass

sgluon mass (excl: mg, < 100 GeV, mg,= 140+ 3 GeV)
1 Lo ! Lol ] L1

107 1 10
Mass scale [TeV]

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



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

Large ED (ADD) : monojet

Large ED (ADD) : diphoton

UED :yy + ET e

RS with k/M_, = 0.1 : diphoton, m.,,

RS with k/Mp, = 0.1 : dilepton, m,

RS with k/M, = 0.1: ZZ resonance, m,,, .

RSwithg /g =-0.20 :tf — l+jets, m

ADD BH (M5 M_=3) : multijet, xp , N

ADD BH (M, IMy=3) : 88 dimuon, N, ;..
ADD BH (M, /M,=3) : leptons + jets, Xp

Extra dimensions

IS qqll Cl : ee, pp combined, nl'jo"
uutt Cl : SS dilepton + jets + £

e SSM 2 mew‘pp — ot \F 2012000,

= SSM W':m, . |t=t0m" 2011) (11084316
P Scalar LQ pairs ($=1) : kin. vars. in eejj, evjj |t=tom" @o11)(1112.4826)
T Scalar LQ pairs (8=1) : kin. vars. in jujj, pvijj [£=101" 2011) Pretiminary)
% 4" generation : Q Q,— WqWq  [E=ti0"(2011) (1202:3588]
E 4" generation : d a,- WbWb  |t=1.0 1" (2011) [(1202.3076]
3 4" generation : 4 34—> WiWt |L=1.01b" (2011) (Preliminary]
§ New quark b’ : b'B'—s' Zb+X, m. |L=201" 2011) Preliminary)
+ :1-lep + jets + )
E .................... axo. mgfciéétqugﬂ(Aso'yjjekte?eségtasnce‘?m (,4
Q Excited quarks : dijet resonance, r'ﬁﬂ
s Excited electron : e-y resonance, m,,
a Excited muon : p-y resonance, m

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

L=1.0 1b” (2011) [1109.4725)

Techni-hadrons : WZ resonance (v}, m_ .-
Major. neutr. (LRSM, no mixing) : 2-lep + jets
W (LRSM, no mixing) : 2-lep + jets

H* (DY prod., BR(H*—ppu)=1) : SS dimuon, m
Color octet scalar : dijet resonance, n';;
Vector-like quark : CC, m,,,

e Vactor-like quark : NC, my,

Other

T TTTT IIIIIIII I T T TTTI

My (8=2)
Mg (GRW cut-off) ATLAS
Compact. scale 1/R (SPS8) Preliminary

Graviton mass
Graviton mass
Graviton mass
KK gluon mass

Mp (8=6)
My, (8=6)
My, (5=6)

_[Ldr =(0.04 - 5.0) fb™
fs=7TeV

My, (5=6)
l\

A (constructive int.)
A

221Tev. Z' mass
245Tev. W' mass
se0Gev 1" gen. LQ mass
ssscev 2" gen. LQ mass
a506ev. Q, mass
404GeV. U, Mass
as0Gev d, mass
400Gev b’ mass

a206ev. T mass (m(A ) < 140 GeV)
: q* mass
gq* mass
e* mass (A = m(e”))
w* mass (A = m(u*))
pTlmT mass (m(pT/mT) -m(n;) =100 GeV)
p, mass (m(p ) =m(n;) +my,m(a)=1.1m(p ))
N mass (m(WR) =2TeV)
W, mass (m(N) < 1.4 GeV)

H_* mass
Scalar resonance mass

Q mass (coupling x,q = vimg)

Q |rnass (coupling x,q = v/img)
L1111 1 I R ! L1l

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

1 10 10°
Mass scale [TeV]



F =2 | Prod./Decay | . F =0 | Prod./Decay | f.
Scalar Leptoquarks
133, e ur, —e u | 1/2 5/351/2 e i — e U 1
eRUR — € U 1 epip — € U 1
4/35'0 e}_zdR — e d 1 2/351/2 QEJR —~ed 1
438, e dr, — e d 1 2/35'1/2 eZciL —ed| 1
1/38, e ur, —+e u | 1/2
Vector Leptoquarks
4/3V1/2 epdr, — e~ d 1 2/3v, eI;JL — e d 1
eZdR — e d 1 eZ(i_R — e d 1/2
13V 0 | equr — e u | 1 5/3v, epir e u | 1
1/3171/2 e UR — € U 1 5/3y; e Up — € U 1
2/3v; eZJR —ed | 1/2

Table 6.1: Leptoquark isospin families in the Buchmiiller-Riickl-Wyler model. For each leptoquark, the superscript
corresponds to its electric charge, while the subscript denotes its weak isospin. . denotes the branching ratio of the
LQ into e + gq.
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1/2,L

H1 single prod.

DO pair prod.

B OPAL indir. limit |
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Particle Data Group, http://www-pdg.lbl.gov/

Present and expected bounds or discovery reach
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