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Jet and photon signatures
R. Frey, University of Oregon

and photons
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our role

Are we neglecting or undervaluing important jet/photon 
considerations?

Are there interesting physics processes we are neglecting?
What are the signatures?

Are there interesting physics signatures which can drive 
certain detector characteristics?
Does this imply revised detector optimizations?

Bring theorists and experimenters together to discuss this.
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Possible default benchmarks**

**M. Battaglia, T. Barklow, M. E. Peskin, Y. Okada, S. Yamashita and P.M. Zerwas, 
``Physics benchmarks for the ILC detectors,'' In the Proceedings of 2005 
International Linear Collider Workshop (LCWS 2005), Stanford, California, 18-22 
Mar 2005, pp 1602} [arXiv:hep-ex/0603010].
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Jet and photon signatures

• There has been a lot of emphasis in the detector communities on jets and 
jet signatures

• There are very good reasons for this:
New Physics appearing in multi-jet final states is likely to be 
difficult/impossible to reconstruct at LHC    ⇒ an ILC imperative.
Furthermore, “LEP-like” performance (e.g. W W → jets  at LEP2 ) may 
not suffice when

• signal/background is low
• a well-resolved quantity is required (e.g. M(2j)=MZ vs M(2j)=MW )
• beam constraints are difficult/impossible, e.g. the New Physics may require 

reconstruction of  j j j j νν
Implementing a solution is one of the critical drivers of detector design 
(and requires a lot of work)  ⇒ address this early 

• Every physics process/analysis will have its own optimization.
• Detectors must be able to handle both jet and other (photon) signatures
• Because there is much more to the ILC physics than jets.
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benchmarks – short list

CAL
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The larger list...
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Jet reconstruction:  ZHH study

ΔE/ E)jet = α90/√Ejet

Tim Barklow
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Jet reconstruction: Particle Flow Algorithm talks
• Steve Magill and Mat Charles:  Illustrations of PFA technique – successes 

and pitfalls
• Ray Cowan + Marcel Stanitzki:  Running Mark Thomson’s PandoraPFA on 

different detector configurations

• “Technical” and physics benchmarks for PFA development (Steve Magill)
e+e- → ZZ → qqνν
e+e- → ZZ → qqqq vs e+e- → HZ → qqqq
e+e- → t tbar → jets
e+e- → qq at 500 GeV
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Steve Magill: PFA Illustration

t tbar → 6 jets
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ZH, H→X with Z→jets ?
Alexei Raspereza
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ZH,  Z→jets (contd)

Obtains σ(ZH) with errors 
approx.  9% (stat) ⊕ 4% (sys)

for 350 GeV,   50 fb-1



R Frey     jet/photon at ALCPG07 12

Observability of SUSY processes for a panoply of 
SUSY models 

1.  Models with staus accessible at 500 GeV

• Include SM backgrounds, beamstrahlung, etc
• Pipe through org.lcsim fast Monte Carlo for SiD detector concept 

• Of  28 models, only 18 (11) are visible with tau id B (A)
• Detection issue:  2 photon background → confusion with tau id:

e+e- → γγee → μ(μ)e(e) vs ττ→ μe  (4ν)

Carola Berger   (with Gainer, Hewett, Lillie, Rizzo)

Need tracking for  50<θ<200 mrad
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SUSY observability (contd)

2. Associated neutralino production:

e+e-

or

Requires very 
good di-jet mass 
resolution

Only 5 of 46 
accessible 
models are seen
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non-standard Higgs decays to jets or photons

• h → A°A° → 4γ,  4j,  2γ2j    all possible
• Allows Higgs mass well below 115 GeV
• Depending on decay mode and characteristics, may be difficult or

impossible to observe at LHC

Bogdan Dobrescu and Patrick Fox

h → A°A°,  axions

for light 
axions
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Photon energy resolution

• Not a driver for jet energy resolution (if  a <≈0.20, ΔE/E= a /√Eγ )
• What about  h→γγ ?

• h→γγ is sensitive to (other) new physics

• branching fraction measurements better than 20% are interesting

• background parameterized from Boos, et al., hep-ph/0011366

weak dependence on resolution

Frank Petriello
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Isolated photon signatures

I. GMSB

At ILC:

is a possible process, with N1 
decay lengths which could be 
∼1 m (or more; or less)

Steve Martin
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isolated photons (contd)

II. Unparticles

Constrained by LEP2 single 
photon results  → ILC
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Improving jet resolution

Use π° mass 
constraint to 
improve jet energy 
resolution

5 GeV π°

no 
constraint

with 
constraint

Graham Wilson

ΣE(π°)

60
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Photons for tau polarization

Godbole, Guchait, Roy, Phys  Lett B (2005)

Example 
from SUSY

Phys.Rept.427:257,2006

RF

τ+ → ρ+ν
→(π+πoν) ν
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Summary

• It was great to bring theorists and experimentalists together to
discuss common issues.

• Learned about 
some interesting signatures for New Physics
some new twists on well-known signatures
some potential detector issues

• There are interesting cross-connections between jets+photons
and other signature groups which should be explored

Tau id and analysis  
Heavy flavor reconstruction
etc
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theorist-experimenter interactions example

• Past studies:  e+e- → t tbar → 4 jets, 6 jets 
⇒ top neutral-current anomalous couplings (→ TESLA TDR, etc)
• Found out that there now are predicted effects from various BSM models!

TESLA TDR


