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What is it!
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The resonance is at ~126 GeV and it is SM-Higgs-like

Sizeable deviations still allowed




Non-discovery

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: LHCC, Sep 2012)

Large ED (ADD) : monojet + E

Large ED (ADD) : monophoton + E; ..
Large ED (ADD) : diphoton, m,,

UED : diphoton + E; .

RS1 with k/M;, = 0.1 : diphoton, m,,

RS1 with k/M, = 0.1 : dilepton, m,

RS1 with k/Mg, = 0.1 : ZZ resonance, my, ,;

RS1 with k/M;, = 0.1 : WW resonance, my,,
RS with BR(g —>tt) 0.925 : tt — |+jets, m

tt.boosted

ADD BH (MTH IMp=3) : SS dimuon, N, ..
ADD BH (M., /M =3) : leptons + jets,Zp
Quantum black hole : dijet, FX(m”
qqgqq contact interaction : X(m )
qqll CI : ee, uu combined, m

uutt Cl : SS dilepton + jets + E

7" (SSM)

T,miss

Extra dimensions

T miss
ee/uu
Z'(SSM) :m_,
W' (SSM) :my

W' (—=tq,g =1):m

W', (— tb, SSM) :m
W+ tMyg

Scalar LQ pairs (B=1) : kin. vars. in eegjj, evjj
Scalar LQ pairs (/)’ 1) : kin. vars. in uujj, wvijj
4" generation : t't'— WbWb
4" generation : b'b'(T T5,3) WiWt

New quark b' : b Zb+X, m,
Top partner : TT — 1t + Avo (dilepton, MTZS

Vector-like quark : CC,m,,,
Vector-like quark : NC, m,,

Excited quarks :y-jet resonance, m o

Excited quarks : dijet resonance, m
Excited electron : e-y resonance, m
Excited muon : u-y resonance, m
Techni-hadrons (LSTC) : dilepton,m
Techni-hadrons (LSTC) : WZ resonance lll), m w2
Major. neutr. (LRSM, no mixing) : 2-lep + jets
W, (LRSM, no mixing) 2-lep + jets

. (DY prod., BR(I—F —uu)=1) : SS dimuon, m
Color octet scalar : dijet resonance, m

Excited: New quarks: LQ

fermions

ee/uu

Other

| I T T Tri 1
L=1.0 fb™, 7 TeV [ATLAS-CONF-2011-096]

L=4.6 fb™, 7 TeV [1209.4625]

L=4.9 fb™, 7 TeV [ATLAS-CONF-2012-087]
L=4.8 fb™, 7 TeV [ATLAS-CONF-2012-072]
L=4.9 fb™, 7 TeV [ATLAS-CONF-2012-087]
L=4.9-5.0 fb", 7 TeV [1209.2535]
L=1.0fb™, 7 TeV [1203.0718]

L=4.7 fb", 7 TeV [1208.2880]

L=4.7 fb™, 7 TeV [ATLAS-CONF-2012-136]
L=1.3 fb™, 7 TeV [1111.0080]

L=1.0fb™, 7 TeV [1204.4646]

L=4.7 fb”, 7 TeV [ATLAS-CONF-2012-038]
L=4.8 fb™, 7 TeV [ATLAS-CONF-2012-038]
L=1.1-1.2 fb", 7 TeV [1112.4462]
L=1.0fb™, 7 TeV [1202.5520]

3.39TeV. M, (8=2)
1.93TeV. M, (3=2)
3.29Tev. Mg (GRW cut-off, NLO)
1.41Tev| Compact. scale 1/R
2.06 Tev| Graviton mass
2.16 Tev| Graviton mass
845Gev. Graviton mass
1.23Tev| Graviton mass
1.9Tev. KK gluon mass
1.25 TeV.| M, (6=6)
1.5TeV. M, (6=6)
411 TeV. M, (5=6)
78TeV. A
10.2TeV| A (constructive int.)

ATLAS

Preliminary

det=(1.0-6.1)fb'1
Is=7,8TeV

1.7TeV. A

L=5.9-6.1 fb”, 8 TeV [ATLAS-CONF-2012-129]

2.49Tev  Z'mass

L=4.7 fb”, 7 TeV [ATLAS-CONF-2012-067]
L=4.7 fb", 7 TeV [1209.4446]
L=4.7 fb™, 7 TeV [CONF-2012-096]
L=1.0fb™, 7 TeV [1205.1016]
L=4.7 fb”, 7 TeV [1209.4446]
L=1.0fb", 7 TeV [1112.4828]
L=1.0fb™, 7 TeV [1203.3172]
L=4.7 fb™, 7 TeV [Preliminary]
L=4.7 fb™, 7 TeV [ATLAS-CONF-2012-130]
L=2.0 fb", 7 TeV [1204.1265]

L=4.7 fb”, 7 TeV [1209.4186]

L=4.6 fb”, 7 TeV [ATLAS-CONF-2012-137]
L=4.6fb™, 7 TeV [ATLAS-CONF-2012-137]
L=2.11fb", 7 TeV [1112.3580]

350 GeV. W' mass

1.3TeV Z'mass
2.55Tev. W' mass

1.13Tev. W'mass
2.42Tev. W* mass
660Gev 1" gen. LQ mass
685Gev 2" gen. LQ mass
656 GeV t' mass
670 GeV b’ (TSIS) mass
400 GeV b' mass
483Gev. T mass (m(A

,) <100 GeV)

1.12Tev. VLQ mass (charge -1/3, coupling K ,q =v/mg)
1.08Tev. VLQ mass (charge 2/3, couplingk,q = v/my)
2.46TeV Q* mass

L=5.8 fb”, 8 TeV [ATLAS-CONF-2012-088]

3.66 TeV. " mass

L=4.9 fb™!, 7 TeV [ATLAS-CONF-2012-008]
L=4.8 fb™', 7 TeV [ATLAS-CONF-2012-008]

20TeV. e* mass (A =m(e*))
1.9TeV. u* mass (A =m(u*))

p,/o; mass (m(pT/wT) -m(n;) = MW)
p, mass (m(p,) = m(x;) +my, m@) = 1.1m(p_))
N mass (m(WH) =2TeV)
W, mass (m(N) < 1.4 TeV)

Scalar resonance mas
| 1 1 1 111 1 11

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

10 102
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Non-dlscovery

Z’SSM I

Z’ SSM tau tau

Z’, ttbar, hadronic, width=1.2%
Z’, dijet

Z’, ttbar, lep+jet, width=1.2%
Z’SSM |l (fbb=0.2)

G, dijet

G, ttbar, hadronic

G jet+MET k/M = 0.2
Gyyk/M =01

G, Z()Z(gq), k/M=0.1

W’ Iv

W’ dijet

W’ = td

W’ = WZ(leptonic)

WR’ = tb

WR, MNR=MWR/2

WKK p =10 TeV

pTC, nTC > 700 GeV

String Ball M, MD=2.1, Ms=1.7, gs=0.4
String Resonances (qQ)

s8 Resonance (gg)

s8 Resonance (gg/bb), fob=1
E6 diquarks (qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPV

g* (qg), dijet
g* (qW)

q* (a2)

q*, dijet pair
g* , boosted Z
e, AN=2TeV
s, AN=2TeV

b’ = tW, (3, 2I) + b-jet

q’, b’/t’ degenerate, Vib=1
b’ = tW, l+jets

B’ = bZ (100%)

T’ = tZ (100%)

' = bW (100%), I+jets

t' = bW (100%), I+

gluino, Stopped Gluino

stop, HSCP

stop, Stopped Gluino

stau, HSCP, GMSB

hyper-K, hyper-p=1.2 TeV
fractional charge, q=2/3e
fractional charge, q=1/3e

multiple charge, q=2e

multiple charge, q=3e

neutralino, ctau=25cm, ECAL time

LQ1, B=0.5

LQ1, B=1.0

LQ2, B=0.5

LQ2, B=1.0

LQ3, (bbnunu) Br(LQ — bvr) =1
LQ3, (btau) B=1.0

stop (btau)

Compositeness
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Status of light scalars

unstable metastable trivial
color code

N / -
SM  valid up to Planck
natural unnatural

MSSM :
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Strongly coupled EVVSB

® Higgsless and Technicolor models are dead

® Composite Higgs models fine tuned

® Give up on SC-EWSB!?

e Higgs:
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Riggs-like dilaton

® Can envision a model of strong dynamics at
at conformal fixed point

® Jo reproduce data need conformal
symmetry spontaneously broken at f ~ v
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Scale Transformations

@7

r— 1 =e %

O(z) = O (z) = e**O(e*x)

A is the full quantum operator dimension

S — S+ Z/d% ag;(A; — 4)O;(x)




Spontaneous breaking

(O(2))

o(x) — o(e®x) + af

fofx=relt
Restores symmetry to LEEFT




The Dilaton Quartic

Z an,m aZnXm
; (47T)2(n—1) f2(n—2) X2n+m—4

n,m=
f? - Q24 (aX)4
— 0,0 (477)2f4X4 T ?(&LLX)Q | (47T>2 X4

Large dilaton quartic
2

d%;(@x)z — af*y* + higher derivatives

® 2>0-f=0 (no breaking)

® 3 <0-f=00 (runaway)

® 3 =0 - f=anything (flat direction)




Near-Marginal Deformation

Deformation can stabilize f away from origin

V' = fPAFA(f)) + BE'(A(f))] =0




The Dilaton Mass

Mgy = [ BIBF" +AF + B'F| = Af*BF'(A(f)) = —16f*F(A(f))

small, so dilaton is light, right?

Fnpa ~

‘Need large B to find minimum V' = f2AF(A(f)) + BE'(M(f))] = 0
Theory not conformal at scale f - no light dilaton

m5., ~ 2561 f* ~ A® 3 TeV not 125 GeV

J




Light Dilaton?

Non-SUSY light dilaton:

a = O(JF)by tuning

® Generically, dilaton is not light unless the
quartic is suppressed relative to NDA

® Jo get a light dilaton, need flat direction in
vicinity of near-zero in B-function

® While this is natural in SUSY theories, it is
not the case in non-supersymmetric ones



The 3-2 Model

U(1) U(1)g
1/3 1
—1 —3

—4/3 -8
2/3 4

classical flat directions:

QDL, QUL det(QQ)

A
det(QQ)
light dilaton: my; =~ A\ f = )\gAg

W = \QDL

dyn




The EWSB line-up

SRS ~0.000... %
vssvD ~0. | %

-I composite Higgs ) ~few%

- dilaton ) ~few%




Dilaton Couplings

® Presume have a strongly coupled conformal sector
coupled to weak fundamental sector
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Dilaton-Composite Couplings

CFT — ZgZOUV gi) =4 — Agv
Z In IR, different dof

m; =4 — AN "ni(4— ATY)

compensate

Liftaring = Y ¢ 9 (A7 = AJF) O]

reaking

Egimmetmc :] Z Cj (4 o AiR) O;

8 o

e HY

G2 19
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Dilaton couplings
Partial Compositeness

composite elementary

A,u , quarks, leptons

spurion dimensions

il =4 — Ag’gT,i

VEV: (O(2)) = 2 compensate

N

| —

o 11t AUV ’i_AIR 1+Aggm i_AéFtism i
‘CC’FT -+ Lelem + E yiOelem,iOCFT’i X X( CFT, CFT, lem, lem, )
)




Dilaton-Fermion Couplings

composite elementary

o, 0, MMM 4, un

mza: — yLwL@R + waR@L

YR.L] = —7VL.R / 3/2 5/2 + R

integrate out heavy composites and compensate:

Lerr=—Mypyrtbpogx™ m= Ay — A7+ A7~

Enhancement in couplings to partially composite fermions




Couplings to massless gauge fields

composite elementary

Ay

1 2
Lmia: 2 _4_92F/u/ + A,uj'u

1
integrate out the CFT: Ez,

bUVlo é_bf_Rlo /o
w2 °F 8w o 8

UV completion - embedding of SM gauge group



Couplings - Summary

composite elementary

A,u , quarks, leptons

anomalous dim beta-functions

2my W2 +m% 22 + my(1 + 0. + 200y — Brr) /g F2,}

%(ﬂUV — Brr + loops)




‘Fitting’ the data

84

3

AT = —
167 cos? Oy

(1 —cy)log

¥i=0

1 _
487 sin? Oy (
v/f=1,v;=0
incl.

— 27"

Vh h - bb

incl. h - 77~

Vh h = bb
EWPT




v/f=0.8, y;=0

incl. h - ZZ* ] I incl. h - ZZ*

Vh h — bb | I Vh h - bb

bi=by" /2 biv=byy" /2

New 2012 data will put stronger constraints on UV parameters




Conclusions

® The |25 GeV resonance may be a dilaton - well motivated
® |arge NDA quartic in non-SUSY theories

® hard to stabilize without raising mass - Fine tuning

S e

- need flat direction in vicinity of near-marginality
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