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Due to absence of signs of new physics
HEP has ‘Big Mac’ blues, 


i.e. why nature not like (as natural as) advertised?

Sure, it (Higgs boson) does the job, but…

Commercial Reality
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•  Discovery of Higgs boson huge success

•  However, Higgs boson remnant/  
 by-product of BEH mechanism

No detailed understanding so far

We’ve got 

the Higgs boson

Not enough evidence to identify theory of nature

New Physics has got to be out there:

• Matter/Anti-Matter asymmetry

4Higgs Couplings 2015              Durham              

• Dark Matter

• Hierarchy Problem

• Inflation

Every discovery 
starts with an 

anomaly
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‘Do you have to yell ‘Eureka’ every 
time you see something new?’



5UK HEP Forum              Cosener’s House               Michael Spannowsky          05.11.2015                   

Why do we observe ‘anomalies’
i.e. dissent between prediction and observation

• Statistical fluctuation

• Systematic bias in reconstruction

• Theoretical prediction off

• New Physics
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Why do we observe ‘anomalies’
i.e. dissent between prediction and observation

 Statistical fluctuation [ATLAS-CONF-2014-006]
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Searches with electron/photon triggers

Search over 697 classes with SM exp. > 0.1 events, observables (Meff, Minv, ETmiss)

After taking syst. and theo. uncertainties into account,  
pseudo exp. compared to data Exp. # of deviations 

agrees with observed
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Why do we observe ‘anomalies’
i.e. dissent between prediction and observation

Theoretical prediction Gluino discovery at UA1
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[G. Arnison et al PLB 139 (1984)]

5 unexplained monojet events with MET > 40 GeV 
Measurement:

• Relied on ISAJET for background 
calculation 

• Many explanations in terms of new 
physics, e.g. light gluinos

• More precise theory calculation 
killed excess/anomaly
see [Ellis, Kleiss, Sterling PLB 167 (1986)]
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Why do we observe ‘anomalies’
i.e. dissent between prediction and observation

 Systematic bias 

• JES and JER different for quarks and gluons?
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Gone by now…

• Jet->electron fakes correctly taken into account?

However, D0 didnt see it…

4.1 sigma

electron and muon: pT > 20 GeV  |y| < 1

MET > 25 GeV and MTW > 30 GeV

-> subtraction of modelled backgrounds

[CDF Collab., 1104.0699]
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Anomalies in the Higgs sector

Recently published ATLAS/CMS combination of Higgs properties:

• Beginning of run 1 was H->photons high (statistical fluctuations)
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bit low bit high

overall very good agreement with SM
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CMS excess in 
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• each channel separated in 
0, 1 and 2 jet categories  
(GF, VBF H-production)

• Small excess near mH = 125 GeV
with significance of 
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• Best fit branching ratio
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Possible explanations of excess

• Branching ratio of O(10)% allowed 

[Blankenburg, Ellis, Isidori ’12]

• LFV FCNC limits weaker than in quark sector

• Limits on H->tau mu weaker than H->tau e

Current limits do not exclude ‘signal’
[Harnik, Kopp, Zupan ’12]

Many possible explanations, one could be LFV in the MSSM(?): 

[Alony, Nir, Stamou (Yesterday)]
Introduce LFV soft-breaking terms
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Result in interactions of the kind

LFV from A-terms LFV from M-terms

Difficult, but not impossible, to accommodate large LFV BR
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CMS excess in multi-lepton final states 

Broad excess in 4 lepton final states:

1 tau

off-shell Z(ee or mumu)

no b-jets
HT < 200 GeV
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Significance

Possible explanation:

[CMS SUS-13-002]

stau (N)NLSP
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The Edge
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Significance

Interestingly, also excess observed in 
search for heavy neutrino
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And another di-lepton search for di-leptoquarks
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[CMS EXO-12-041-pas]Two selections:
1)

2)

Significance for 650 GeV leptoquark:

Significance for 650 GeV leptoquark:
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eejj:

evjj:

S  > 850 GeV, Mee > 155 GeVT
Mej > 360 GeV 

S  > 1040 GeV, Mej > 555 GeVT
E      > 145 GeV, M    > 270 GeVT, miss T,ev

• Obviously jjll searches correlated.

• To explain all 3 excesses simultaneously

• Since excess in electrons but not muons, need to explain 
lepton non-universal interactions

One possible solution, R-parity violating MSSM
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Possible interpretation of di-lepton excesses
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[Allanach, Biswas, Mondal, Mitra ’14] 
Introduce:

Leads to s-channel production of slepton
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constrained from 1) LF universality, 2) charged curr. universality

slepton mass of 2 TeV

3) 0v double beta decay 4) dijet searches
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mass of 900 GeV

• Improves fit to data 
for 2 out of 3 excesses

• The edge can be 
explained with RPV 
conserving MSSM

[Allanach, Kvellestad, Raklev ’14]
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Di-boson excesses
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[CMS EXO-13-009]

• CMS sees small but consistently 
excesses in di-boson final states 

• First excess in semileptonic final 
state using jet substructure from 
2012 • While masses seem consistent cross 

sections dont across channels
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Possible interpretation of Di-boson excess
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One option [Low, Tesi, Wang ’15], by now O(40) other explanations …

Minimal composite Higgs model
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Spin-1 resonance in 6 of SO(4)

Under this gauge group, spin-1 res. decomposes as



19UK HEP Forum              Cosener’s House               Michael Spannowsky          05.11.2015                   

2.6� (497)

eejj (498)

�0
111 (499)

�0 (500)

2.8� (501)

2.6� (502)

SO(5)/SO(4) (503)

⇢ (504)

35

couples to H, W  ,ZL L with large coupling (composite)
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couples to fermions via mixing with W,Z or (partial) composite fermions

Can fit excess



ATLAS VV excess

• Reconstruction of VV final state follows same principles 
as discussed before

[Talk by C. Delitzsch at BOOST 2015] 

• For ungroomed fatjets pT,j > 540 GeV
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Most significant. Lets focus on this analysis



Resonance reconstruction

BDRS method

• Only y-cut applied 
when declustering

• y-cut fires, stop 
declustering and 

filter while keeping 
1-3 subjets
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•  Apply following cuts 
to identify W/Z

Jet mass (26 GeV window around mV)
sqrt(yf) > 0.45

#-tracks < 30  (QCD expected to have larger nr tracks)

22UK HEP Forum              Cosener’s House               Michael Spannowsky          05.11.2015                   



Following might be worth checking:

• Why start with R=1.2 jets when searching for W/Z with 1-2 TeV pT?

R=0.3 C/A jet

F = V = cos�

�1
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V � ⌘�|�s|2|�h|2
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�H  4.2 �H,SM

T ' 4⇡ CWB v2/⇤2

�Rqq̄ ' 2mW

pT
' 0.12 · · · 0.4

37

W/Z decay products in small area of detector

Jet absorbs lots of radiation from diff. sources

• Filtering step entirely ineffective for 
R=0.3 and nf = 1-3

• Mass-drop procedure compares 
varying number of topoclusers 
(energy uncertainties unknown)
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[Goncalves, Krauss, MS ’15]



• Mass discrimination for W and Z difficult. 
However doable if tracks are applied

[Stoll, MS ’15]  [GeV]J1m
60 80 100 120 140 160

-310

-210
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tracks
CaloCells

 
J1dm
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1  W Z→W'

• Backgrounds and fit data driven, dijets 
checked against Pythia and Herwig++. 
How about hard radiation?
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• n-tracks not infrared safe and known to 
be badly modelled in event generators

no a good variable to cut on 

[Schaetzel, MS ’14]

Increases background in tail 
after reconstruction



• How about backgrounds that kick in 
in the tail but nowhere else?
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there are such backgrounds that have not 
been checked, but are fortunately small!
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Summary

‘Biggest anomaly is absence of new physics’   (Andi Weiler)

We hope current anomalies turn into discoveries

cure HEP from ‘Big Mac’ blues

While every discovery starts with an anomaly,  
not every anomaly turns into a discovery

Let’s not be complacent, relying on better machine to 
reach verdict on anomalies 

(systematics need checking continuously)
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