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* Effective Action for Quantum Critical Higgs

* Measuring of critical exponents at the LHC
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Quantum Critical Point

arbitrarily long RG flow



AdS/CFT/Unparticle

CFT scaling dimension: A|O]

G) = [z (0ro@o o))
Unparticle: G(p) ! (pz)lz! |

AdSs: A[O]ZQ::VZQ::\/4-|-TTL2R2




Why Broken CFTS
are Interesting

pure CFT is equivalent to RS2
IR brane at TeV turns RS2 into RS1
IR brane is one type of scale breaking

other IR cutoffs will lead to new
LHC phenomenology



QC Higgs Model

G - (“2 | p2)2.—! | m4—2!

minimal parameterization requires
two mass scales: pole and cut threshold

approach the SM in two limits: A — 1 or 4 — o0

G =
p?! m¢
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Effective Action

d*p
(2m)
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S = VIHH] + [ dad'y Hi(@)Fla — ) H()

F(x! y)=(9>+p*)* " sW(x! y)



Minimal Gauge Coupling

F(x! y)" F(x' y)W(x y)

= Pexp —@gT A dw“

cf Mandelstam Ann Phys 19 (1962) 1



Gauge Vertex
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Higher Dimension Operator in AdS

/ d*x dz g; HTFgﬁFbO‘BH
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AdS Form Factor Fvvh




LHC Interference
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LHC Experiment

gg-2Z 300 fb~ (14 TeV)
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Integrated Luminosity (fb-1)

Future Sensitivity
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Conclusions

The Electroweak Phase Transition is

close to a Quantum Critical Point

The LHC can test whether the Higgs

has a non-trivial critical exponent
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Precision Measurements

A =2 A=1.5 A =1.01

Falkowski & Perez-Victoria, hep-ph/0901.3777



QC HiggS and Mw
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GB mixing

A
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Gauge invariance is maintained




WW Scattering
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at large s

4

M, = J

z‘ (=s)"°
AMZ, (2 — A)pu2—2A

QC Higgs exchange is insufficient
to unitarize WW scattering



WW Scattering

i 92 ‘8 | (_S)Q—A
VR AN RN

QC Higgs 6 point vertex does
unitarize WW scattering

Stancato JT, hep-ph/0807.3961



AdS/CFT

<6f d4ZL‘ ¢O(x)0(x)>CFT ~ 6_S5Dgrav[¢(xﬂz)|Z:O:¢O(x)]
source R2
ds® = o) (de — dzz)

O C CFT + ¢ AdSs bPeld ¢g(x) Is boundary value
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AdS/CFT/Unparticles

L (p,") = "R 21 o(p)
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AdS/CFT/Unparticles

L (p,") = "T"R™¥ 2L o(p)
.
S = 1' d*xdz !, oy

=+ «surface
s= 1 / ol @K@ term

K(p)=(2—-v)e? +bp® +cp’e®™ + ...

K(p) = G(p) A=2+v



unparticle propagator

Glp) = / d'z ¢ (0|TO ()0 (0)[0)



unparticle propagator
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unparticle propagator

Glp) = / d'z ¢ (0|TO ()0 (0)[0)
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Legendre Transform

A=2—v
1 dp .. 1 dp,
S = é (2! F))4 o(! PK"o(p) + E (2! ?4 o(P)A(P)
17 dip :
S'=35  Gmit(-PK 'A(p)

A is the source
K (p)! b= G(p) l o0 is the field

Klebanov, Witten hep-th/9905104



Legendre Transform

A=2—v
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Soft-Wall

Karch, Katz, Son, Stephanov hep-ph/0602229
Gherghetta, Batell hep-th/0801.4383



Ward-Takahashi
Identity
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AdS/CFT/Unparticles
IR Cutoff
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Quantum Critoall Higgs
Model
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QC Higgs Model

L=1H [D2+ %" H+p* 2 HH! V(H|)

Y
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A
ZZh Oop (MQ)dMQ
Glp) = 5ty i | P
p* —m; 2P

minimal parameterization requires
two mass scales: pole and cut threshold



QC Higgs Model
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