
LHC4ILC workshop, April 14, 2007 Filip Moortgat, ETH Zurich

LHC4ILC

Working Group 4
 

BSM: Missing energy and such

Conveners:     Jose Santiago
James Wells

Graham Wilson
Filip Moortgat



LHC4ILC workshop, April 14, 2007 Filip Moortgat, ETH Zurich

Program

Experimental session:

Aspects of measuring missing transverse energy at the LHC
(R.Cavanaugh)
Aspects of measuring missing transverse energy at the ILC
(G. Wilson)

Theory session:

Nearly degenerate gauginos at the LHC and ILC
(K. Wang)
Can the ILC break the remaining MSSM degeneracies from the LHC?
(B. Lillie)
T-parity in Little Higgs models
(R. Hill)
Some complications in analyzing MET 
(S. Chang)
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Experimental aspects of MET

• “Small” Missing Energy
– Standard Model Physics

• Experimental Challenge
– Understanding QCD and other

environmental bkgs.
– good low-energy resolution

• “Large” Missing Energy
– New Physics

• Experimental Challenge
– Understanding Tails!

q

q ±l

±

l

~ ~ ~χ 0
1

~χ 0
2 l

± MET

g

g

g t

t
W

W
l
ν

b
b

q’
q

Low Mass SUSY

SM

Rick Cavanaugh



LHC4ILC workshop, April 14, 2007 Filip Moortgat, ETH Zurich

Environmental challenges

• MET is very powerful discriminator
for New Physics
– Difficult part is to convince yourself

that there is a real excess!
• Tevatron teaches us

– MET is not easily understood!
• Collisional backgrounds

– Pile-up
– Underlying Event

• Non-collisional backgrounds
– Beam halo
– Cosmic muons

• Detector Effects
– Instrumental Noise
– Hot/dead channels (DQM)
– Inter-module calibration D. Tsybychev, Fermilab-thesis-2004-58

Run II
V. Shary CALOR04

Run IIjunk
jets

e/γ
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Energy flow for MET

• Motivation:  The energy of a typical jet consists roughly of
– Charged particles : ~60% 

• Mostly charged pions, kaons and protons, but also some electrons and muons
– Photons : ~25%

• Mostly from π0’s, but also some genuine photons (brems,…)
– Long-lived neutral hadrons : ~10% 

• K0
L, neutrons

– Short-lived neutral hadrons, “V0’s” : ~5%
• K0

S → π+π-, Λ → π-p, …, but also γ conversions, and (more problematic) nuclear
interactions in the detector material.

• Energy resolution determined (ideally) mostly by
– the 10% neutral hadrons
– inefficiencies in charged hadron reconstruction

• Attempt to use Full Detector/Event Information in MET reconstruction
– Determine MET from calibrated, reconstructed particles

! ,,"= ±±± ),,,,( etcVNe
oo#$µT

miss
T pE

Improving MET using Energy flow:
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Missing energy at ILC

ILC: Large cross-sections for Bhabha and
two-photon processes. Use characteristic
electron signatures to reject.

Genuine missing ET predominates above
WW threshold.

Sources of fake missing energy:

(Evis, pvis)

Invisible Final State

 (√s – Evis, - pvis)

G. Wilson
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ILC detector requirements

• Hermetic coverage to low angle
especially for electrons and photons.

• Robust and accurate measurement 
of the visible particles.

• Missing ET resolution in the hadron 
collider sense is close to irrelevant. 

Requirements for an ILC detector: (Msmu-MLSP)/Msmu = 2.8%, 5.6%,11%

No
electron
veto

25 mrad
veto

Red: eeµµ background

1fb/bin signal : smuons (M=90 GeV)

√s=189 GeV



LHC4ILC workshop, April 14, 2007 Filip Moortgat, ETH Zurich

Nearly degenerate gauginos

Kai Wang
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Nearly degenerate gauginos
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LHC inverse problem

Ben Lillie
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What about the ILC?
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Preliminary results
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T-parity in Little Higgs models

Richard Hill
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T parity violation
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T parity violated
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Interpreting MET signals

Spencer Chang
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Model under investigation
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Impact on SUSY pheno
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Other possibilities
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Summary & questions

What can the LHC learn us in preparing for the ILC?
(with 10 fb-1ud)

• Given that    LHC = coloured particles
                       ILC = electroweak particles

• How much can we deduce in a model independent way? 

• What can we learn apart from ILC energy scale -- 
are there other things that one would like to know?
(detector design?)

Question to answer:

“fb-1ud” = inverse femtobarn of understood data
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LHC 4 ILC ?

LHC :    gluon factory

colored states:
squarks, gluinos, etc.

ILC :   electron factory

charginos, neutralinos,
sleptons, etc.

Is the LHC going to reliable tell us
something about this?

Not at all trivial.
New ideas needed!

?

+ R-parity
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Questions 2

• Suppose: 
–A light Higgs is found. Consistent with SM, SUSY. 
–Only a jets+MET signal is found at LHC.

• What is the minimum √shat involved in the signal ?
–Can we estimate the e+e- production threshold reliably ?  

• Can the signal be produced in e+e- (does it couple to the γ, W, Z, h) ?
–Presumably no info will be available.
–If it’s a gluino, e+e- is probably irrelevant for direct tests ...

• Is there ANY robust logical inference on the masses of lighter 
particles that can be made, e.g. MLSP ???

       We may find that LHC can’t tell very much of value in 
diagnosing this new physics.
And that ILC at any energy may not be a useful diagnostic tool 
for certain hadron collider signatures.

G. Wilson
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Outlook

I have seen people interested in:

• extrapolating ILC relevant information from
  CMS TDR / ATLAS notes (latter still ongoing)

           e.g. qqH, H to invisible

• studying techniques for global, model independent
analysis of the first data to deduce the underlying model

• …

If you want to contribute: please contact the conveners!
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Prediction is very hard, especially about the future

Yogi Berra


