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Discovery of a Higgs Particle @ 125 GeV
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Signal consistent with that of a SM-like Higgs
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At Crossroads.....

e FElectroweak-Tuned <

e FElectroweak-Natural
but “minimsa

More Data will Decide !

For concreteness, stay within the SUSY paradigm
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“Holomorphic” Higgs Portal

isible Sector

(MSSM)

W = )‘uHuOu + /\deOd-

« H, and H; assumed to have dimension close to unity.

= }\u, }\d taken to be perturbative (taking into account dimensional dependence)

« But Extra sector (to which O, and O, belong) could be strongly coupled in general.
-- superconformal in the UV, but develops a mass gap in the IR

Examples — “Single Sector Models” in Gauge mediation.
Messengers coupled to strong Dynamical SUSY (DSB) sector.

“Integrate-out” dynamics of the Extra sector
carry out the path integral over O, and O4

Azatov et al 1106.3646,1106.4815; Kitano et al 1206.4053; Stancato et al 0807.3961
Gherghetta, Pomarol 1107.4697; Komargodski, Seiberg 0812.3900; Craig et al 1302.2642,
Knapen et al 1311.7107, ...
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Goal : Study Effective Higgs Lagrangian from general perspective

This Work : To quadratic order (p=0), Future : To quartic order

& = ZuF} P, + ZaF) Fu, + ([ 0HHa+ e ) — Vi) Vi

V}(ﬁggs) = miyy, HyHy + mr?){dH;Hd + (ByHyHg4 + c.c.) + (AuHuF;{u - AdeFde +c.c.),
Vé?é;;?r) — (a;, HuF’Hd +c.c.) + (a:i Fy Hg+ce)+ (v F’HuF’Hd + c.c.).

e Usual soft terms and p term.
+  Termsin Vj,, , ©™"”) present in general as well.
Example : Wrong Higgs Trilinears a.’, a;’.

If |F|/M2 < 1,
Can show that parameters in V;; . ©"¢”) suppressed by powers of |F|/M?=.

Distler, Robbins 0807.2006; Komargodski, Seiberg 0812.3900
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“Integrating out” procedure yields for V. “7":

Q(0) =[Q.0}.

PELEY < / ddze-*v-rw(ou(r))oa(od(on>

8 p—0 |

B = geduda ( [ dtremQ2(0.()@040) ) p
—

1

6Ayd = —§|z\.,,.1|2 < / d'ze™ "QQ[Ou,d(I)OZ,d(O)l>

p—0

S = ~gghual? [ @2 QQU0ua()10] 40)))

p—0

Komargodski, Seiberg 0812.3900
Assumption : u forbidden in the SUSY limit

Comments:
« Parameters defined in the zero-momentum limit
*u, By, -- “CHIRAL — CHIRAL” Two-point function

*A,, Ay, My 2, my? - “CHIRAL — ANTICHIRAL” Two-point function
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OPE Methods & Dispersion Relations

Apply the Operator Product Expansion (OPE) to the two-point functions.

O;(z) 0;(0) = Y _ ¢ (x) Ok (0),

k Na
uUuv IR

Identify operators that can obtain vevs consistent with Poincare & Gauge invariance.
Compute Wilson coefficients c* ;; (x) or ~C*;; (p?) using superconformal symmetry.

Analytically continue to large time-like momenta (physical region s’ > 0) .

Use
Als) - 1 ds,Dlsc A(s) l/ ds , Im . 4(3).

27n s—s Y s'—s

to compute Wilson coefficients at
any other s (even at s = 0)

Assumption:

Branch -cut starting at some threshold s, = (2M)?, no other singularities
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» Compute Chiral-Chiral OPE O,* O and Chiral-Antichiral OPE O, *O, *

« For O0,* O, OPE to contain O’ and O, *O, / OPE to contain O/, need to
compute

(0.0,0"t) and (0, 40! 0'1)

*  3-point functions for primary superfields computed for a general
“N=1, 4D Superconformal Field Theory (SCFT) in
Osborn hep-th/9808041; Poland, Simmons-Duffin 1009.2087

RESULTS
B B = gxhula < / d‘re"’“QQ(Ou(r))Q’-’(Od(O))>
2 30
QQOu(;r)Q?Od(O) — ZC'E“QQOS,O;i(O). C‘b,, _ _25 /\O.,O.;O;-J;. IAO3,0;._A°‘. _Ac’d_ls

Coa,c»,.
Only one type of operator : Q*(0; () contributes.
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p—0

e ELIWY ( / d‘ze"""Q°(Ou(1'))Qa(Od(0))>

Q%04 (7)Qa04(0) = €,.1Q%010(0) + 6,2Q%02.1 o(0)
+ Z(¢;3O3,O;i(0) + 4;4'02@203,0;.'],,(0) + CL;SIQUPQO&1;.-];:(O)) TR

dAO..Ode.o AO,.AO N /\O..O 402 1 AO. - AO,,
Cu;1 = 2 ' : ' Cu;2 = 5
CO!,D (Aou + AOJ)(AOn + Aod - 1) COQ,l Aou + AO‘ — 4
S _—Ag, —Ag,—1 i xi A0y —Ao, Ao, +1 i i Bor —Aou—Aoy
C;‘J;B — E;‘;SIAO:;,U,. o ST C;A;-i — é;‘;“z O304 att C;:;S —_ CP;SI 31;

* Operators appearing : Q2(0, ,), Q% (0,,4), O;,, Q*Q*0,, Q0" Q (0, ),

Dominant contribution : O; ,
Similarly, A,4:Q3(0%4); & 8m?y,4.: Q>Q2(0+?,)

Important: Different Operators contribute to different parameters.
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Old problems from a New perspective

 Reproduce p/ Bu problem of weakly coupled models
from this formalism.

-- in particular original Model studied in Dvali et al hep-ph/9603238

M: s =—p
eading contribution to
O30
2
. (A*) —$
C\—+F+(S) = ‘)7",2 —In #.2 + o
i(A*)? 1 z(1— :r)+_£
~ iextpH(s) = ")ax_" == o /d =2+ ¢E
1 A, A\ F Fi

H=—376meA X -

Compute contributions from higher orders X* F* (X* X)» (F* F)™ — resum them

L Result matches precisely ! Similarly for By, A, 4, M?, 4

Cumar, Yale University o1]
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(New) Possibilities for Solutions

Basic Idea: 1) Different Operators contribute to different Higgs Parameters.
2) Their vevs determined by non-trivial IR dynamics

-- “simple” parametrics may not hold.

Possibilities :

1) EWSB with Bu/u? <~ 1 &my, 42/ A, 42<~1

(Q*Os0) _ leul®. (Q*Q*0y) _ lea, )
(Os0)* ~ eBu’ (QPOB)* — cmy,_ |

ii) EWSB with “Lopsided Gauge Mediation” Csaki et al 0809.4492;
DeSimone et al 1103.6033, Schafer-Nameki et al 1005.0841

cm2, (Q°Q 0f) < cpu (@ O30} < ez, (Q°Q” O%)

Hy

iii) Conformal Sequestering : Luty, Sundrum hep-th/0105137; hep-th/0111231
Schmaltz, Sundrum th/0608051; Roy, Schmaltz. 0708.3593; Murayama, Nomura, Poland 0709.0775
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Summary

Developed a general and systematic formalism to compute parameters in the Higgs
Lagrangian, when Higgs couples to another sector via the superpotential

W = A Hu Oy + AdHaO4

Valid even when extra sector strongly coupled in the IR.
-- superconformal in the UV, mass gap in IR.

OPE methods provide a powerful organizing principle

-- Deeper insight into problems of SUSY breaking & mediation.

-- Possibilities for various solutions of these problems, some qualitatively new,
in the sense that cannot be seen in the spurion limit.

-- All of them can be described by the OPE formalism

Future

Apply results to realistic models of dynamical SGS¥ and mediation and compute
Wilson coefficients and Higgs parameters explicitly.

Study Quartic terms in the Higgs Potential - requires more advanced techniques
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