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The resonance is at ~126 GeV and it is SM-Higgs-like
10% -ish deviations still allowed




Non-discovery SUSY

MSUGRA/CMSSM : O lep +j's + E

MSUGRA/CMSSM : 1 lep +j's + E

Pheno model : O lep +j's + E

Pheno model : O lep +j's + E

Gluino med. %" (G—>qfx) : 1lep +j's + E

GMSB (INLSP) : 2lep (OS) +|'s + E

GMSB (T NLSP) : 1-2t + 0-1lep +'s +ETmiss
GGM (bino NLSP) :yy + E_

GGM (wino NLSP) :y + lep + E/'™

GGM (higgsino-bino NLSP) :y + b + ET e

GGM (higgsino NLSP) : Z + jets + E e

Gravitino LSP : 'monojet' + E

g—>bb (wrtual S) :0lep+3b-j's+E

g—>’[f~ (virtyal T :2lep (SS) +js+E

etfx (virtualt) : 3 lep +j's + E

g—tly gwrtualt) 0 lep + multi-j's + E

g—>tfz A(wrtualt) Olep+3b-j's+E

bb b,—b¥ 0Iep+2 b-jets + E

bb b1—>tx 3lep+js+E

tt (light), t—>t3x 1/2" Iep (+ b-jet) + E

Tt (medium), t—>bx 1lep + b-jet+ E

it (medlum) t—>bx 2lep+E

tg t—>tx 1 Iep + b-jet + E

WAt 0/ lep (+ bejets) + E

f (natural GMSB) : Z Z(=l) + bjet + E_

~ |L|L,Te|xm 2lep+E,

Koy —>Iv(lv)—>|\/x 2lep+E

~;)'Zz—>| vl I(vv) IvI |SVV :3lep+E

Ky wh X °Z¥9%° .3 lep + E; rmiss

Direct % X, palr prod. ( AMSB : long- I|ved X

Stable g g R-hadrons low B, By (full detector)

Stable T R-hadrons : low B, By (full detector)
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Long-lived
particles

X — qqu (RPV) :1u + heavy displaced vertex

LFV: pp—>v +X v,—>e+u resonance

LFV : pp—v_+X,Vv —>e(u)+1: resonance

Bilinear RPV CMéSM 1 lep+7js+E

;T%T,‘Z W3, X —eev,euv_:4lep +E
1 1

euv t4lep + ET miss

g . qqq 3-Jet resonance pair

N -—>IX X
Scalar gluon : 21et resonance pair
WIMP interaction (D5, Dirac X) 'monojet' + E

T miss

T,miss

T,miss

ATLAS SUSY Searches* -

95% CL Lower Limits ( : Dec 2012)

GMSB : stable®

I I | 11 L
L=5.81b", 8 TeV [ATLAS CONF-201 2-109]

L=5.8 fb™', 8 TeV [ATLAS-CONF-2012-104]
L=5.8 fb™!, 8 TeV [ATLAS-CONF-2012-109]
L=5.8 fb™', 8 TeV [ATLAS-CONF-2012-109]
L=4.7 fb™', 7 TeV [1208.4688]

L=4.7 fb™, 7 TeV [1208.4688]

L=4.7 fb™, 7 TeV [1210.1314]

L=4.8fb™, 7 TeV [1209.0753]

L=4.8fb", 7 TeV [ATLAS-CONF-2012-144]
L=4.8 fb", 7 TeV [1211.1167]

L=5.8 fb", 8 TeV [ATLAS-CONF-2012-152]
L=10.5 b, 8 TeV [ATLAS-CONF-2012-147]
L=12.8 fb”, 8 TeV [ATLAS-CONF-2012-145]
L=5.8 fb™', 8 TeV [ATLAS-CONF-2012-105]
L=13.0 fb, 8 TeV [ATLAS-CONF-2012-151]
L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-103]
L=12.8 fb", 8 TeV [ATLAS-CONF-2012-145]
L=12.8 fb", 8 TeV [ATLAS-CONF-2012-165]
L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-151]

L=4.7 1o, 7. TeV [1208.4305, 1209.2102167.GeV.| t mass (m( :))

L=13.0 b, 8 TeV [ATLAS-CONF-2012-166]
L=13.0 fb'1, 8 TeV [ATLAS-CONF-2012-167]
L=13.0 fb™", 8 TeV [ATLAS-CONF-2012-166]
L=4.7 fb'1, 7 TeV [1208.1447,1208.2590,1209.4186]
L=2.1fb™, 7 TeV [1204.6736]
L=4.7 fb™, 7 TeV [1208.2884]
L=4.7 b, 7 TeV [1208.2884]
L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-154]
L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-154]
L=4.7 fb™', 7 TeV [1210.2852]

L=4.7 fb™, 7 TeV [1211.1597]

L=4.7 fb", 7 TeV [1211.1597]

L=4.7 fb", 7 TeV [1211.1597]

L=4.4 fb™, 7 TeV [1210.7451]

L=4.6 fb™, 7 TeV [Preliminary]

L=4.6fb™, 7 TeV [Preliminary]

L=4.7 fb™, 7 TeV [ATLAS-CONF-2012-140]
L=13.0 fb", 8 TeV [ATLAS-CONF-2012-153]
L=13.0 fb", 8 TeV [ATLAS-CONF-2012-153]
L=4.6 fb", 7 TeV [1210.4813]

L=4.6 fb™, 7 TeV [1210.4826]

L=10.5 fb™, 8 TeV [ATLAS-CONF-2012147]
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230-560 GeV | t mass
230-465GeVi| t mass

5so GeV X mass
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ATLAS

Preliminary

1.18TeV g mass ( @ <2 TeV, light7)
1.38Tev q mass (m @ <2Tev, Ilghtx )
goocevl g mass (m ) <200 GeV, m(;") —l(m(x )+m(@))
1.24 TeV g mass (tang < 15)
1.20 TeV g mass (tang > 20)
WoATeV g mass (m@x.)>50 GeV)
689GVl § mass
900 GeV 9 mass (m (Q‘j) >220 GeV)
690 GeV gmass (m(F) > 200 GeV)
645Gev F scale (m(G) > 10" eV)

124 Tev 9 mass (m(i?) <200 GeV)
850GeV| g mass (mi b) <300 GeV)
860GeV. G Mass (mx,) <300 GeV)

1.00TeV. G mass (m( )<3oo GeV)
1.15TeV. g mass (m(x ) < 200 GeV)
620 GeV b mass (m (~ ) <120 GeV)

2mG)

det =(2.1-13.0) fb™
Is=7,8TeV

8 TeV results
7 TeV results

55 GeV)
t mass (m(x )= o GeV, m(y, )
(X )—%GGV m{®-m(x
(mGz) =0)

(@) =0)

mass (115 <m(§:’) <230 GeV)
(m(X ) 0)
X mass

150 GeV)
%) =10 GeV)

(m6z,) <10 GeV,m{iy) =RmGr) + mG))
(m( L) (X ) (X ) =0, m(l,v) as above)
mass (m(x:) (X ), m(x )=0, sleptons decoupled)
(1 <T(X )< 10 ns)
985 Gev g mass
gealGev t mass
mass (5 <tanp <20)
700 GeV a mass (0. 3><1O <y, <1 5x10°, 1 mm < ¢t < 1 m,g decoupled)
16ITeW V. mass  (i,,~0.10, 2,,,=0.05)
THOTEVI v, Mass (4,010, 2,,,,=0.05)
138Vl =G mass (or,g, <1 mm)
700 GeV X mass (m(x )>300 GeV, L, orh
1 mass_ (m(x )>1ooeev m{lo)=m(i)=m (N)

666 GeV g mass

122>0)

210r A,y >0)

1002287.GeVl sgluon mass (incl. limit from 1110.2693)

704Gev. M* scale (m, <80 Gev, I|m|t0f<687 GeV for I)a
L 11111 ] 11 [

10"
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*Only a selection of the available mass limits on new states or phenomena shown.
All limits quoted are observed minus 1o theoretical signal cross section uncertainty.




Non-discovery exotics

Large ED (ADD) : monojet + E

Large ED (ADD) : monophoton + E; .
Large ED (ADD) : diphoton & dilepton, m_
UED : diphoton + E

s’ /Z, ED : dilepton, m,

RS dlphoton & dilepton,m,.

RS1 : ZZ resonance, my, ,;

RS1 : WW resonance, m;,,,

RS g9, it (BR=0.925) : tt — I+jets, m
ADD BH (M, IMy=3) :
ADD BH (M IM 5=3)
Quantum black hole : duet F (

T,miss

tt.boosted

SS dimuon, N

ch. part.

leptons + jets, Zp

l).

qqll Cl : ee & uw, m
uutt Cl : SS dilepton + jets + E
Z'(SSM) :m
Z'(SSM):m
W' (SSM) : mTe,M
W'(=1tq,g =1):m
W'; (— tb, SSM) :m

Scalar LQ pair (8=1) : kin. vars. in eejj, ev”'

Scalar LQ pair (8=1) : kin. vars. in pujj, wvjj
Scalar LQ pair (f=1) : kin. vars. in ttjj, Tvjj
" 4" generatlon t't'— WbWb
4" generation : b'b'(T . Te5)— WiWt
New quark b’ : bB'™— Zb+X, m_
Top partner : TT — tt + A A (dilepton, M S
Vector-like quark CC, mhq
Vector like quark : NC, m,,
Excited quarks dljet resonance, n?t
Excited lepton : |-y resonance, m
Techni-hadrons (LSTC) : dilepton,m
Techni-hadrons (LSTC) : WZ resonance (vlll), m

Major. neutr. (LRSM, no mixing) : 2-lep + jets

W (LRSM, no mixing) : 2-lep + jets

H™ (DY prod., BR(H™—ll)=1) : SS ee (uu), m
= (DY prod., BRtHf—>eu)— ): SSew, m

Color octet scalar : dijet resonance, m )

ATLAS Exotics Searches* -

95% CL Lower Limits (Status: HCP 2012)

T T T T 111
L=4.7 fb™, 7 TeV [1210.4491]

L=4.6 fb™", 7 TeV [1209.4625]

L=4.7 fb™, 7 TeV [1211.1150]

L=4.8 fb™", 7 TeV [ATLAS-CONF-2012-072]
L=4.9-5.0 fb", 7 TeV [1209.2535]
L=4.7-5.0 fb", 7 TeV [1210.8389]
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 [1210.1718]

L=4.8 fb™, 7 TeV [ATLAS-CONF-2012-038]
L=4.9-5.0 fb", 7 TeV [1211.1150]
L=1.0fb™, 7 TeV [1202.5520]

845GeV. Graviton mass (k/Mg, = 0.1)

437 Tev. M, (8=2)
1.93Tev. M, (0=2)
4.18TeV. Mg (HLZ =3, NLO)
141Tev] Compact. scale R™
a7iTev] M ~R
2.23TeV. Graviton mass (k/Mp, =0.1)

ATLAS

Preliminary

det =(1.0-13.0) fb”
Is=7,8TeV

1.23Tev. Graviton mass (k/Mg, = 0.1)
19Tev. g mass
1.25 TeV| M, (6=6)
1.5Tev| My (3=6)
411 TeV. M, (86=6)
78TeV. A
13.9TeV. A (constructive int.)
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 [1210.6604]

L=4.7 fb™, 7 TeV [1209.4446]

L=4.7 fb™, 7 TeV [1209.6593]

L=1.0 fb™, 7 TeV [1205.1016]

L=4.7 fb, 7 TeV [1209.4446]

L=1.0 fb™, 7 TeV [1112.4828]

L=1.0fb™, 7 TeV [1203.3172]

L=4.7 fb", 7 TeV [Preliminary]

L=4.7 fb", 7 TeV [1210.5468]

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=4.6 fb™, 7 TeV [ATLAS-CONF-2012-137]

660 GeV

656 GeV

L=2.1fb™", 7 TeV [1112.3580]

430 Gev. W'mass

685Gev 2™ gen. LQ mass
538Gev 3" gen. LQ mass

670Gev b' (T
400 GeV. b'mass
483GeV. T mass (m(A
1.12Tev. VLQ mass (charge -1/3, coupling k ,q =v/mg)
1.08 Tev. VLQ mass (charge 2/3, coupling k,q =v/mg)

1.4TeV Z'mass
255 Tev. W'mass

1.13Tev. W'mass
2.42Tev. W* mass
1 gen. LQ mass

t' mass

5/3) mass

.) <100 GeV)

246TeV. g mass

L=13.0 fb™", 8 TeV [ATLAS-CONF-2012-148]

3.84TeV. Q" mass

L=13.0 fb™", 8 TeV [ATLAS-CONF-2012-146]

p. mass (m(p.)

H:* mass (limit at 398 GeV for uu)
H* mass

2.2TeV_  |* mass (A =m(l*))
p,/o; mass (m(pT/wT) -m(m;) =M,)
=m(m;) +my, m(a) = 1.1m(p.))
N mass (m(W_) =2 TeV)
W mass (m(N) < 1.4 TeV)

Scalar resonance mas
I I T L 11

*Only a selection of the available mass limits on new states or phenomena shown
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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 pure Technicolor models are dead

® Composite Higgs models fine tuned

‘ ?
® Give up on SC-EWSB
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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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Some recent work:

Csaki, |H, Lee 07
Goldberger, Grinstein, Skiba '07

Fan, Goldberger, Ross, Skiba 09
Csaki, Bellazzml JH Serra Ternlng Wi
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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

Low, Manohar 01

o(x) — o(e®x) + af

f—fx=rfelt
Restores symmetry to LEEFT




Dilaton Couplings

® Presume have a strongly coupled conformal sector
coupled to weak sector

e B ‘o & ~4 F o e e = N - - a7 o - K 202 N Ne ."_ " - — 212k
ERarL L Wl 5 - = : gt Y 4 - Sk 5 3 2 TAR TERAE N 4 ) Y k.. - al o AT . AP »
Pt ol — » . - o - A
¥ > 5 B = " : - -"‘-. .--'.. .-.-l- s .‘. ] y -". A ey . -. 1




Dilaton-Composite Couplings

Longitudinal components of W,Z, 3rd generation

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-Fermion Couplings

Partial Compsiteness
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)




EVVWP and Flavor

Non-standard couplings = oblique parameters

3
167 cos? Oy

@7

AT =

(1 —c%)log (—2) , AS =+ (1-—

A8 sin? Oy,

i ' ab U i _ o a _
Flavor: 4} 4%, % b\ﬁ%% 1+ 7 (T+7F+77) +...

dilaton interactions & masses not diagonalized
simultaneously - tree level FCNC

i o o
LR [mz (1 T ?> 0ij + az‘jvmimjf T ] S Qij\/rﬂgmj/@?fmﬂ)_

require flavor symmetry: SU(3), x SU(3); x SU(2),







The Dilaton Quartic

> _nm 0*mx™
Bt (477)2(n=1) f2(n=2) y2n+m—4

2 9
_ 4244 f_a 2:a2>4(X
too ) x4 2 (00 (47)2 4
1

dilaton quartic

2

d%;(@x)z — af*y* + higher derivatives

® 2>0-f=0 (no breaking)

Fubini ’
ubini 76 ® 1<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




Higgslike Radion!

What about f?

R/

v 2 1 ) v R’

FRS) gN\/log% f(RS) — N
Far too small to be consistent with LHC data

It does suppress mass (once quartic tuning imposed):

(5@)
€
2




Light Dilaton?

Non-SUSY light dilaton:

a = O(0F)by tuning

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

To get a light dilaton, need flat direction in vicinity
of near-zero in B-function or large N

While this is natural in SUSY theories, it is not
usually the case in hon-supersymmetric ones

When dilaton is light, does not seem very Higgslike



The EWSB line-up

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

-I composite Higgs ) ~few%

- dilaton ) ~feW%




A way out!
CPR idea

® F(A) generically large, but if A near marginal for range
of A, theory will scan over F with scale

® large F will not generate SBSI - minimum when F ~ 0

® dilaton mass proportional to €
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Holography and light dilatons

S— [ @y (~5R + 500000 V(o)) + [ ey + [ deyamie

small B < nearly constant V(®)

V(¢) = As +ef ()

Metric Ansatz - flat 4D slices  ID of scale - warping
d82 _ e_QA(y)dZEQ L dy2 (= Al(y _ O)e_A(y) _ %G_A(y)

AdS/CFT:




Holography and light dilatons

Imposing bulk eom on Vpyik gives pure boundary term

Y1

dy€—4A(y)( A/Q A”) _ \/*

A/

0

Other similar terms from brane potentials

Vir = x*

and metric jump conditions

6

_Vi (¢ (A7 (=logx))) + 5 A" (A (= log X))

|= x*F(A(0)

Aui:omatically minimized when BC’s satisfied

Precisely of form quartic modulated by chi dep. of F




Constant Bulk Potential

V(@ — A(5) —

Solvable:

1 log sinh4k(y. —y) |
—— 10 . . .

4 7| sinhdky. Singularity at y.

_\2/—5 log tanh|[2k(y. — y)| + oo

Vi(9) = A + Xi(@ — vy)°

Boundary conditions generically satisfied for finite yc

sinh 4k(y. — y)
d 2 _ C d 2 d 2
i \/ sinh 4ky.. ! Y




But Still Scale Invariant

explicitly broken by dynamical gravity - finite Mo
Vov = o (Do + O(X"/110))

Vie = x" (a(vo) + O(x" /1))

Singularity at y. corresponds to condensate of marginal
operator in CFT - spont. breaking of Sl

Dilaton quartic is from composite condensates (IR tension) and
the condensate of this operator

6k 2K
A 2 osh [ 2R 0 —
a(vp) |+ — Cos <\/§(v1 vo)>
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S(Ow\OLZ SCailL Obuarﬁc [amclscape

FQ)




Including a bulk mass

CFT coordinates
t =loguR = —A(y)

l 11 -
6 OlogV { 02| =0
kK2 O0¢p 12

b+ |46 -

neglecting non-linear terms (small back-reaction):
b+ 4o — dedh = 0 O(t) A Ae= (It | Beet

slowly running piece /




Boudary layer theory - asymptotic matching

Figure 2: Left, bulk scalar profile: ¢,; (solid black), ¢, (dashed red), and ¢, (dotted blue).
Right, effective AdS curvature, A’(y): same color code.




Iwo regions

6 OlogV'| |

K2 O¢

¢52
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Backreaction term

IR Universality - condensate of d ~ 4 operator

Full matched

solution

(boundary layer theory/asymptotic matching)

V3

2K

Grull = vo etV

log (tanh (2k(y.

—7)))




Including a bulk mass

You get a hierarchy:

1/e
Vo

+ O(e

(Ul — Sign(e)Q—‘/E arcsech(ﬁk/,@/\l)) ( )

99

1o

Dilaton comes out light with suppressed CC:

2 2 4
Mgdilaton ™ Ef ACC ™~ €f

UV value still tuned to be small
- only erase condensate contributions




Conclusions

® |f the |26 GeV resonance is a dilaton, it must be
very Higgslike indeed

® Tensions: EWP, Flavor, mass tuning, Higgs fits
® crucial to pin down properties with more data

® General considerations for light dilatons:
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