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What do We Know about the 
Higgs?!



What do We Know about 
SUSY?!



What can We Learn about 
SUSY from Higgs?!

•  Calculate higgs mass in MSSM!

•  Consider the inverse problem, higgs to SUSY!

•  Search for SUSY with a higgs in the final states!



Higgs Mass, MSSM!
•  Two higgs doublets        and  !

•  D-terms  !

•  Tree level bound !

•  Important quantum corrections to the higgs mass 
from stops and sbottoms/staus for large tanβ!



2 loop!

1 loop!

In public codes: FeynHiggs, Isajet, SuSpect, Softsusy, Spheno !

Loop Corrections to the 
MSSM Higgs Mass!



 Higher Order Corrections to 
Higgs Mass!

•  Diagrammatic calculations:!

❖  Up to partial three loop order!

##—Harlander, Kant, Mihaila and Steinhauser.!

❖  In a mathematica code H3M!

❖  6 particular mass hierarchies !

•  Effective potential method:!

❖  Derivatives of the MSSM potential V(h1,h2)  evaluated at the vev!

❖  Zero external momentum approximation of the diagrammatic calculation!

❖  Up to partial three loop order, Martin!



Higher Order Corrections to 
Higgs Mass!

•  Effective field theory analysis!

❖  Running the effective theory couplings(quartic couplings) 
down to the electroweak scale!

❖  Integrate out the MSSM particles at their thresholds!

❖  Evaluate the higgs pole mass at the electroweak scale!

❖  Partial three loop order, Degrassi, Di Vita, Elia-Miro, 
Espinosa, Giucidice, Isidori and Strumia; Draper, Lee and 
Wagner!
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Higher Order Corrections to 
Higgs Mass !

•  Low SUSY scales, fixed order calculations 
(diagrammatic calculations and effective potential 
method) are most accurate. !

❖  Keep a large set of non-logarithmic terms!

•  High SUSY scales, especially in the simplified 
models, EFT analysis is more accurate.!

❖  Resume large log terms!



Higher Order Corrections to Higgs 
Mass, Diagrammatic Calculation!

•  Degenerate, non-mixed 
stops!

•  Gaugino mass unification 
and gluino mass is 1.5 TeV!

•  tanβ = 20, μ = 200 GeV!

•  The uncertainties are from 
top mass and                !

•  Stop mass ~ 3 TeV                    !

Feng, Kant, Profumo, Sanford, 2013!



Higher Order Corrections to 
Higgs Mass, Effective Potential!

•  Degenerate and non-
mixed stops!

•  Large tanβ!

•  Leading logs!

•  Large stop mass !

Martin, 2007!



Higher Order Corrections to 
Higgs Mass, EFT Analysis!

•  Degenerate, non-mixed 
stops!

•  All other SUSY particles 
are decoupled!

•  tanβ = 20, μ = 200 GeV!

•  Stop mass ~ 7 TeV  !

Draper, Lee and Wagner!

1loop  2loop  3loop!



What about the Inverse 
Problem? !

mweak!

Start from the electroweak scale, calculate �

run �, coupled with g1, g2, g3, yt up: �SM(Q)

integrate out the MSSM particles at their threshold
Calculate �MSSM(Q,mg̃ ,mA,mq̃...) from Veff

Estimate the SUSY scale:
where �SM and �MSSM match

Peisi Huang (UW-Madison) higgs 7 / 14

�̃i
0, �̃i

±

Peisi Huang (UW-Madison) higgs 14 / 13

mA!

MSUSY!

�̃i
0, �̃i

±

�SM = �MSSM

Peisi Huang (UW-Madison) higgs 14 / 14

Start from the electroweak scale, calculate �

run �, coupled with g1, g2, g3, yt up: �SM(Q)

integrate out the MSSM particles at their threshold
Calculate �MSSM(Q,mg̃ ,mA,mq̃...) from Veff

Estimate the SUSY scale:
where �SM and �MSSM match

Peisi Huang (UW-Madison) higgs 7 / 14



•  Higgs mass is known from the experiment!

•  Quartic coupling λ is known to 2 loop order!

Bezrukov, Kalmykov, Kniehl, and Shaposhnikov 2012  !

•  β -fuction for higgs quartic coupling is known to 3 loop 
order !

Chetyrkin and Zoller, 2013!

•  SM RGE is known to 3 loop order !

Chetyrkin and Zoller, 2012!

•  MSSM effective potential is known to 2 loop order !

Espinosa and Zhang, 2001!

What about the Inverse Problem? !
Ingredients!



Boundary Conditions at Weak 
Scale, Higgs Mass!



Boundary Conditions at 
Weak Scale!

Sirlin; Tarrach; Hempfling and Kneihl; Buttazzo, Degrassi,!
Giardino, Giudice, Sala, Salvio and Strumia!



Running from Weak Scale to 
SUSY Scale!
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Matching at the SUSY Scale!



Results!

Maximum mixing, large tanβ,  stop mass ~1 TeV !
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mh= 125.6 -0.5 HGeVL
mh= 125.6 +0.5 HGeVL
mh= 125.6 HGeVL
mh= 125.6 -1HGeVL

Maximum mixing
0 10 20 30 40 50

0

500

1000

1500

2000

2500

tanb

M
su

sy
HGe

V
L



Compare with EFT Analysis!

for large tanβ, stop mass around 1TeV !

Draper, Lee and Wagner!

1 TeV!
2 TeV!
4 TeV!



Search for SUSY with a 
Higgs in the Final State!



Parameter Space !

right relic density : ⌦h2 = 0.1138 ±0.0045
allowed by the direct detection experiments(LUX)
allowed by CMS H,A ! ⌧⌧ searhces
higgs is the dominant decay mode for �̃0

i and/or �̃±
i

m�̃±
1
> 103.5 GeV, from LEP
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Right Relic Density, Black  
DDMD, Green!

Well Tempered!

A Funnel!

Excluded by DDMD!

Excluded by LEP2!



Higgs in Neutralino and 
Chargino Decays, Contours!



Higgs in Neutralino and 
Chargino Decays, Contours!



Higgs in Neutralino and 
Chargino Decays, Winos!



Collider Searches!

Benchmark!



Collider Searches!



Collider Searches!

•  Higgs can be boosted!

•  Look for 1 lepton, 1 fat 
jet that can be 
reconstructed as a 
higgs and missing 
energy!



Reconstruct the Higgs!
•  Use the Cambridge-Aachen jet algorithm!

❖  Recombines the closest pair of objects in the events up to R!

•  For a boosted fat jet!

❖  Undo the last clustering step!

❖  Check “mass drop” and “subjet symmetry”!

❖  If there are significant mass drop and symmetric subjet, recluster the 
remaining constituents with a smaller R(jet filter)!



Collider Searches!



Tri-lepton Channel!



Conclusion!
•  Higgs mass is known to ~0.4 GeV level, which 

motivates higgs mass calculation to a higher order!

•  Run the quartic coupling up, and match to MSSM at 
SUSY scale, to predict the SUSY scale for given 
parameters!

•  New search channel for LHC: neutralino/chargino 
production with a boosted higgs in the decay chain!


