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1.  Introduction

With the Higg boson, SM is complete 



“The more important fundamental laws and facts of physical 

science have all been discovered”

Albert Michelson（1894）

“There is nothing new to be discovered in physics now,  

all that remains is more and more precise measurement”

Lord Kelvin (1900)

Reminds us of some words said 100 years ago:



HEP is at a critical moment 



Savas Dimopoulos

Beijing

Mar  24,  2014



To move on from the SM, we need: 

• Theoretical crisis (fine-tuning, quantize gravity, ….)

• Phenomenological  crisis (some hints….)

We need new physics evidence 

from colliders ! 



2.  750GeV diphoton excess











ATLAS

CMS



1512.04933 (R. Franceschini  et al. )

1512.04929 (Buttazzo, Greljo, Marzocca)



Moriond, Mar 17, 2016      ATLAS



Moriond, Mar 17, 2016      CMS



Cross section:  5-10 fb

Events:   ∼10 

Significance (local) 
ATLAS :  3.9𝜎

CMS :     3.4𝜎

Width  
ATLAS :  ∼ 40 GeV

CMS :     narrow

Summary on 750 diphoton



(1) Background analysis is important

However, we note:

“The more extraordinary a claim, 
the stronger the proof required 
to support it”--Laplace



(2) No-excesses for dijet, diboson, top pair, … 









F. Gianotti, talk to CERN staff, Jan 18, 2016

we theorists are

“allowed to be a little excited”

Anyway, 



3. Some explanations



Axion:  

Higaki, Jeong, Kitajima, Takahashi, 1512.05295

Chiang, Fukuda, Ibe, Yanagida, 1602.07909

Han, Yanagida, Yokozaki,1602.04204

Ito, Moroi, Takaesu, 1601.01144

Bae, Endo, Hamaguchi,Moroi, …





General remarks: 

• This 750 resonance better be produced via 𝑔𝑔 fusion than 

 𝑞𝑞 annihilation since no 𝛾𝛾 execess at 8 TeV LHC (PDF)

• Spin-0 scalar is favored over spin-2 particle because spin-2 

particle usually couples universally to SM particles (no other 

excess of SM particles)

• Spin-0 scalar is favored not to couple at tree-level with quarks 

(because of dijet,  𝑡𝑡) 𝑜𝑟 𝑊𝑊, 𝑍𝑍 (no such excesses)

• Spin-0 scalar is then favored to be a SM singlet, coupling with

𝑔𝑔 and 𝛾𝛾 through loops

• In the loops S𝑔𝑔 and S𝛾𝛾, the particles must  be some colored 

and charged new particles (vector-like fermions, bosons) . 

These particles better be SU(2) singlets (no 𝑊𝑊,𝑍𝑍 excess) 

2.5

4.7



This 750 resonance is not so welcome by SUSY

BBC News

Nov 19, 2012

SUSY may not be dead, but these 

latest  results have certainly put 

it into hospital



Our own works: 

• 750 GeV diphoton resonance explained as a heavy scalar in top-seesaw, 

A. Kobakhidze, F. Wang, L. Wu, JMY, M. Zhang, 1512.05585

• An extension of two-Higgs-doublet model and excesses of 750 GeV diphoton, 

muon g-2 and ℎ → 𝜇𝜏,  X. Han, L. Wang, JMY,  1601.04954

• Explaining 750 GeV diphoton excess from top/bottom partner cascade decay 

in 2HDM extension, X. Han, L. Wang, L. Wu, JMY, M. Zhang, 1601.00534 

• Interpreting 750 GeV Diphoton Resonance in NMSSM with Vector-like Particles

F. Wang, W. Wang, L. Wu, JMY, M. Zhang, 1512.08434

• Interpreting the 750 GeV diphoton excess by the singlet extension of Manohar-

Wise Model, J. Cao, C. Han, L. Shang, W. Su, JMY, Y. Zhang, 1512.06728

• 750 GeV diphoton resonance, 125 GeV Higgs and muon g-2 anomaly in 

deflected AMSB,  F. Wang, L. Wu, JMY, M. Zhang, 1512.06715

We are maniacs of 750



[1]  750 as a heavy scalar in top/bottom seesaw

A. Kobakhidze, F. Wang, L. Wu, JMY, M. Zhang, 1512.05585

topcolor, top-condensation, top-seesaw



C. Balazs, T. Li, F. Wang, JMY, 1208.3767

We propose a top and bottom seesaw model with partial composite 

top and bottom quarks. Such composite quarks and topcolor gauge 

bosons are bound states from SUSY strong dynamics by Seiberg

duality. SUSY breaking also induces the breaking of topcolor into 

the QCD gauge coupling. The low energy description of our 

model reduces to a complete non-minimal extension of top 

seesaw model with bottom seesaw. The non-minimal nature is 

crucial for Higgs mixings and the appearance of light Higgs fields. 

The Higgs fields are bound states of partial composite particles with 

the lightest one compatible with a 125 GeV Higgs field which was 

discovered at the LHC. 

Top and bottom seesaw from  SUSY strong dynamics



Top  partner Bottom  partner

Top  seesaw Bottom  seesaw







Constraints:





[2]  750 GeV diphoton, 125 Higgs, mu g-2 anomaly in deflected AMSB

F. Wang, L. Wu, JMY, M. Zhang, 1512.06715

Deflected anomaly mediation of SUSY breaking 
naturally predict a coupling between a singlet
field and vector-like messengers.

The singlet scalar (S) serve as 750 GeV resonance. 

The messenger fields (10 TeV) induce 𝑆𝛾𝛾 and 𝑆𝑔𝑔
couplings via loops



Mixed gauge and anomaly mediation from new physics at 10 TeV

In the context of anomaly-mediated supersymmetry breaking, it is 

natural for vectorlike fields and singlets to have supersymmetry 

breaking masses of order 10 TeV, and therefore act as messengers 

of supersymmetry breaking.

K. Hsieh and M. A. Luty hep-ph/0604256

• minimal AMSB: tachyonic slepton

• introduce messengers (gauge mediation) + anomaly mediation

deflected anomaly mediation



[3]  NMSSM with Vector-like Particles

F. Wang, W. Wang, L. Wu, JMY, M. Zhang, 1512.08434



arXiv:1603.00718 

Date: Wed, 2 Mar 2016 14:16:08 

Title: Higgs mass and unified gauge coupling in NMSSM with Vector Matter 

Authors: R. Barbieri, D. Buttazzo, L. J. Hall, D. Marzocca

We consider the NMSSM extended to include one vector-like family of 

quarks and leptons. If (some of) these vector-like matter particles, as the 

Higgs doublets, have Yukawa couplings to the singlet S that exceed unity 

at about the same scale Λ < 103 TeV, this gives the order 40% 

enhancement of the tree level Higgs boson mass required in the MSSM to 

reach 125 GeV. It is conceivable that the Yukawa couplings to the singlet 

S, although naively blowing up close to Λ , will not spoil gauge coupling 

unification. In such a case the unified coupling 𝛼𝑋 could be interestingly led 

to a value not far from unity, thus providing a possible explanation for the 

number of generations. The characteristic signal is an enhanced resonant 

production of neutral spin zero particles at LHC, that could even explain the 

putative diphoton resonance hinted by the recent LHC data at 750 GeV. 



[4] The singlet extension of Manohar-Wise Model

J. Cao, C. Han, L. Shang, W. Su, JMY, Y. Zhang, 1512.06728

Motivated by minimal flavor violation, 

Manohar-Wise model extends the SM:
Manohar, Wise 
hep-ph/0606172



[5] Top/bottom partner cascade decay in 2HDM extension

X. Han, L. Wang, L. Wu, JMY, M. Zhang, 1601.00534 



[6] An extension of 2HDM: 750 GeV diphoton, mu g-2, ℎ → 𝜇𝜏

X. Han, L. Wang, JMY,  1601.04954

we simultaneously explain the excesses of the 750 GeV diphoton, muon g-2 and h→μτ in an extension of the two



4 Conclusion & Outlook 

• 750 diphoton excess caused excitement in HEP 

(170 papers in 2 months) 

• 750 diphoton excess needs further confirmation 

(may be in June)

• If 750 diphoton excess is true 

Spin-0 or spin-2 new particle ?

Other new colored and/or charged particles ?

A new era of HEP is coming ?



A new era of HEP is coming 

• ILC  (in Japan) 

We are planning some big colliders

• HL-LHC, FCC-ee/TLEP/LEP3  (in Europe) 

• CEPC, SPPC, super Z-factory  (in China) 

Test the Higgs property and probe new physics  



Thanks for your attention ! 


