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Motivation

We find a Higgs boson

12~ 5hm GeV

arXiv: 1207.7214
arXiv: 1207.7235
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Motivation

ATLAS-CONF-2014-009 CMS-PAS-HIG-14-009

Standard Model like
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• Neutrino mass

• Non-baryonic dark matter

• Accelerated expansion of the Universe

• Apparently acausal density fluctuations

• Baryon asymmetry

At least five evidences for physics BSM

 dynamics behind the condensate?

• unnatural

• mysterious

 only scalar?

 hierarchy problem?

Pressing questions from theory side

 Composite? Supersymmetry?  Extra dimension?

Various UV models as possible solutions

…

Many questions still unanswered

Motivation



Xiaochuan Lu, UC Berkeley 510/06/2014 4D Seminar

Motivation
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• Higgs coupling precision measurements

• EW precision measurements

Motivation
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Motivation
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Baak et. al. (gfitter) 1209.2716 Baak et. al. (gfitter) 1310.6708 S. Mishima, talk given at 6th TLEP Workshop

Motivation
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Snowmass Higgs report

Motivation
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Peskin @ LCWS 2013

Motivation
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Peskin @ LCWS 2013

Motivation
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Precision

observables

UV models

Connect Models to Measurements

How do the precision measurements shed

light on physics beyond the SM?

(0.1%) (1%)O O



10/06/2014 4D Seminar Xiaochuan Lu, UC Berkeley 13

Precision

observables

UV models

Connect Models to Measurements

How do the precision measurements shed

light on physics beyond the SM?

SM EFT

eff SM 4

1
i

i

i id
c




 

(0.1%) (1%)O O



10/06/2014 4D Seminar Xiaochuan Lu, UC Berkeley 14

Precision

observables

UV models

Connect Models to Measurements

How do the precision measurements shed

light on physics beyond the SM?

( )ic 

( )i Wc m

SM EFT

eff SM 4

1
i

i

i id
c




 

(0.1%) (1%)O O



10/06/2014 4D Seminar Xiaochuan Lu, UC Berkeley 15

Precision

observables

UV models

Connect Models to Measurements

How do the precision measurements shed

light on physics beyond the SM?

( )ic 

( )i Wc m

eff SM 4

1
i

i

i id
c




 

(0.1%) (1%)O O

1. SM EFT



10/06/2014 4D Seminar Xiaochuan Lu, UC Berkeley 16
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Precision

observables

UV models

Connect Models to Measurements

How do the precision measurements shed

light on physics beyond the SM?
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SM EFT

Why SM EFT?

Matthew McCullough @ HEFT 2014:
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SM EFT

(2) (1)(3)c L YSU SU U 

• dim-6

• CP-conserving

•
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• bosonic

Restrictions on Operators

J. Elias-Miro, C. Grojean, R. S. Gupta, 

and D. Marzocca, arXiv: 1312.2928
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• 80 independent operators

W. Buchmuller and D. Wyler, 

Nucl. Phys. B 268 (1986) 621.

• 59 independent (traditional) basis

arXiv: 1008.4884

B. Grzadkowski, M. Iskrzynski, 

M. Misiak, and J. Rosiek, 

SM EFT

arXiv: 1308.2627

arXiv: 1310.4838

arXiv: 1312.2014

R. Alonso, E. E. Jenkins, 

A. V. Manohar, and M. Trott

• 2499 couplings RG running

• HISZ (Hagiwara) basis

S. Willenbrock and C. Zhang, arXiv: 1401.0470

• GGPR (SILH) basis

G. Giudice, C. Grojean, A. Pomarol, 

and R. Rattazzi, arXiv: hep-ph/0703164

K. Hagiwara, S. Ishihara, R. Szalapski, and 

D. Zeppenfeld, Phys.Rev. D 48, 2182 (1993)

• Grojean basis, 13 operators RG

J. Elias-Miro, J. Espinosa, E. Masso, 

and A. Pomarol, arXiv: 1308.1879

A. Pomarol and F. Riva, arXiv: 1308.2803

J. Elias-Miro, C. Grojean, R. S. Gupta, 

and D. Marzocca, arXiv: 1312.2928

Dim-6 Operator Basis
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SM EFT

• traditional basis

• SILH basis

• Grojean basis

• Hagiwara basis
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SM EFT

RG running of Wilson Coefficients
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SM EFT

T

Example: H Tc c

RG running of Wilson Coefficients
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SM EFT

T

Example: H Tc c
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SM EFT

T

Example: H Tc c
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SM EFT

Grojean basis advantage in RG

   , , ,W B WW BB WBblock diagonal

Hagiwara basis  , , , ,WHW HB BW B WB

 , , , ,WWW B BB WBGrojean basis

13 13 2499 2499sub matrix of

RG running of Wilson Coefficients
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SM EFT
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RG running of Wilson Coefficients

When is it important?
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SM EFT: RG induced S and T from Higgs portal

At leading order only 6,  Hc c

2 62
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1
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SM EFT: RG induced S and T from Higgs portal

At leading order only 6,  Hc c
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SM EFT: RG induced S and T from Higgs portal
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SM EFT: RG induced S and T from Higgs portal
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SM EFT: Singlet example
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Covariant Derivative Expansion
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Covariant Derivative Expansion

Naive CDE at tree level
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Covariant Derivative Expansion

Naive CDE fails at 1-loop level

• Each term in expansion does not converge

• Trace cannot be directly evaluated
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Covariant Derivative Expansion

“Partial derivative expansion”

Gauge invariance not manifest

Traditional way around it
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Covariant Derivative Expansion

• Mary K. Gaillard, Nucl. Phys.  B 268 669 (1986)

• V. A. Novikov, M. A. Shifman, A. I. Vainshtein, V. I. Zakharov,

Fortschr. Phys. 32 585 (1984)

• Oren Cheyette, Nucl. Phys.  B 297 183 (1988)

Covariant derivative expansion Avoid breaking D

Brian Henning, XL, and Hitoshi Murayama, arXiv: 1410.XXXX
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Covariant Derivative Expansion

Talk presented at the 1986 Jerusalem Winter School

Mary K. Gaillard, “Effective One-Loop Scalar Actions in (Mostly) Four Dimensions”
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Covariant Derivative Expansion
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Covariant Derivative Expansion
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• leading order at 1-loop

• all SM gauge charges

MSSM stop quick example
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Covariant Derivative Expansion
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Covariant Derivative Expansion

Stops carry all SM gauge charges

MSSM stop full results

cot ,  /t t t tX A h m v   Brian Henning, XL, and Hitoshi Murayama, arXiv: 1404.1058
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Covariant Derivative Expansion

Matthew McCullough @ HEFT 2014:
A double check in computing Zh
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Mapping onto precision observables

• Electroweak Precision Observables (EWPO)

• Higgs Decay Widths

• Higgs Productions Cross Sections

,  ,  S T U Peskin-Takeuchi parameters

,  ,  ,  W Y X V R. Barbieri, A. Pomarol, R. Rattazzi and A. Strumia

arXiv: hep-ph/0405040

 Only linear in Wilson Coefficients

 Up to only tree diagram of Wilson Coefficients
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Mapping onto precision observables

EWPO Mapping Results



Xiaochuan Lu, UC Berkeley 4710/06/2014 4D Seminar

Mapping onto precision observables

Higgs Decay Widths and Production Cross Sections

• Interference Correction
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Mapping onto precision observables

• Interference Correction

Higgs Decay Widths and Production Cross Sections
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Mapping onto precision observables

• Interference Correction

Higgs Decay Widths and Production Cross Sections

• Residue Correction
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Mapping onto precision observables

• Interference Correction

Higgs Decay Widths and Production Cross Sections

• Residue Correction
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Mapping onto precision observables

Interference Corrections to Higgs Decay Widths
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Mapping onto precision observables
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Auxiliary Integrals Defined
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Mapping onto precision observables

Residue and Parametric Corrections to Higgs Decay Widths
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Mapping onto precision observables

• Residues

• Parametric w
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Mapping onto precision observables

Interference Corrections to Higgs Production Cross Sections
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Mapping onto precision observables

Residue and Parametric Corrections to Higgs Production Cross Sections



• Various UV models are motivated to explain physics beyond the SM

Summary

57Xiaochuan Lu, UC Berkeley10/06/2014 4D Seminar

• Precision EW and Higgs measurements will be able to reach sub-percent 

level and shed light on UV theories

• Covariant Derivative Expansion is an efficient technique to integrate

out heavy states

• SM EFT is a good general framework to connect UV models and

precision measurements

• Wilson coefficients are mapped to EW and Higgs precision observables
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Thank you!
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Backup

M. E. Peskin,

arXiv:1312.4974

gamma uncertainty
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Backup Operator Basis

Traditional Basis Table I
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Backup Operator Basis

Traditional Basis Table II
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Backup Operator Basis

Coupling Number Counting
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Backup Anomalous dimension matrix

Elias-Miro, Grojean, Gupta, Marzocca, arXiv: 1312.2928



10/06/2014 4D Seminar Xiaochuan Lu, UC Berkeley 65

Backup Anomalous dimension matrix

Elias-Miro, Grojean, Gupta, Marzocca, arXiv: 1312.2928



10/06/2014 4D Seminar Xiaochuan Lu, UC Berkeley 66

Backup Anomalous dimension matrix

Elias-Miro, Grojean, Gupta, Marzocca, arXiv: 1312.2928
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Backup Tree Loop Mixing Debate
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• tree operators

• loop operators

tree loop

0

1 1tree

loop 1

J. Elias-Miro, J. Espinosa, E. Masso, 

and A. Pomarol, arXiv: 1302.5661
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Backup Tree Loop Mixing Debate

R. Alonso, E. E. Jenkins, A. V. Manohar, and M. Trott, arXiv: 1312.2014
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Backup EWPO Definitions


