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The next 25 minutes of your life

• Phenomenology

• Two examples from 2009

• Early lessons for our generation
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Until very recently,  “string cosmology” 
was the marriage of a field with no predictions 
with a field with no data.

- Shamit Kachru (2006)
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Until very recently,  “string cosmology” 
was the marriage of a field with no predictions 
with a field with no data.

- Shamit Kachru (2006)

The name of the Game:
Beyond the Standard Model Phenomenology
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“Phenomenology”
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from XKCD.com

Experimentalists Formal Theory

Phenomenology

Experimental “interpretation”
Collider QCD; MC, simulations
Testing validity of the SM
Model-building beyond the SM
Connections to formal theory



/31Flip Tanedo,   Experiments

Theory-Experiment Interface
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Theory-Experiment Interface
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Theory-Experiment Process
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As seen by a Part III student...
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rumour-mongering

Interdisciplinary collaboration
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‘HEP’ Experiments
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• Collider: CDF/D0, ATLAS/CMS, ILC
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‘HEP’ Experiments

• Precision: Belle, LHCb, SuperB, ...

• Heavens: WMAP, Fermi, ...

• ‘Hell’: CDMS, XENON, ...
(Classification by Hitoshi Murayama)

15

• Collider: CDF/D0, ATLAS/CMS, ILC
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Ex. CDF Multi !

•                                           should be ! 1

• R = 3.0 ± 0.6 using  semileptonic decays

• R = 1.15 ± 0.21 using 2nd’ry vertex ID

• Defines a set of excess
“ghost muons”

• Ghost muons have abnormally
large multiplicity

16

I imagine hordes of theoretical physicists canceling flights, conferences, and 
courses today, making room for some serious thinking in their agendas. 

(Tommaso Dorigo, A Quantum Diaries Survivor, 31 Oct 08)

R2b = (σbb)exp/(σbb)NLO
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FIG. 7: Impact parameter distribution of muons contributed by ghost (•) and QCD (histogram)

events. Muon tracks are selected with loose SVX requirements. The detector resolution is! 30 µm,

whereas bins are 80 µm wide.

1/ptrack
T )2/σ2

1/pT
] to measure the difference between the momentum vectors of the undecayed

pions or kaons (h) and that of the closest reconstructed tracks 3. Figure 9 shows the ∆

distribution as a function of R, the decay distance from the beamline. One notes that most

of the decays at radial distances R ≤ 120 cm yield misreconstructed tracks. The numbers

3 The assumed experimental resolutions are σφ[rad] = ση = 10−3 and σ1/pT
= 2 · 10−3 [GeV/c]−1.
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Is it background?

• Mismeasured tracks?

• “Decay-in-flight” of K, " 

• “Punch-through” of mesons into ! chamber 

• Secondary interaction with detector?

17

Not a typical question from a model-builder!

!D decay length consistent

Hard to account for ghosts far from beamline

At most about 8% of ghost events

No spike in reconstructed vertex distance

Not likely to be normal background
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Muon multiplicity

• Excess number of muons (“lepton jets”)

• QCD BG:  b "W- c" W- W+ s  (W±"!±#)

• Don’t expect more than one extra muon

• 1 additional !:  see 23192, expect 7300

• 2 additional !:  see 3422, expect ~0

• 3 additoinal !:  see 756, expect ~0

• 4 additional !:  see 126, expect ~0

• Hard to explain with BG
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$data
%mc
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Dialogue
• Lots of discussion between theorists and 

experimentalists on the blogosphere.
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Current Status
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Ex. PAMELA/ATIC
• PAMELA: excess in e+ flux above 10 GeV

• ATIC: excess in e± above 100 GeV

21
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Is it Dark Matter?

• Signal of dark matter annihilation?

• A few novel model-building developments:
& Sommerfeld Enhancement

& Kinetic mixing with hidden-sector
& Excited/Inelastic Dark Matter

• Other signals: EGRET, CMB haze, INTEGRAL

• Lots of papers: plug in your favorite model.
5 experiments ⇒ 25 possible papers  (Matt Dolan)
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Astrophysics?

• Backgrounds are astrophysical, 
model-builders are particle physicists

• Pulsars are tricky! 

• Proper studies of ‘uninteresting’ 
astrophysical sources only came later

• Need new set of tools, collaborators

• Remember ultra-high energy cosmic rays?

23
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How to steal data
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[47] Talk by M. Boezo at the idm08 conference 
[...] the preliminary data points for e+, P- fluxes 
plotted in our figures have been extracted from 
a photo of the slides taken during the talk and 
may differ from the data that the PAMELA 
collaboration will officially publish

arXiv:0810.0713 [v1]



/31Flip Tanedo,   Experiments

More soon

• Fermi to announce results 1 May 09

• Rumour-mongering:  ATIC “killed”

• Model-building efforts shift to DAMA (??)

• Non-WIMP Dark Matter alive again

25
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What’s the point?
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Interest in these experiments have waned.  What 
is the value of telling their stories?

• Fairy tale. 
Signal turns into a pumpkin at midnight.

• Morality play.
Not literally true, but teaches us lessons.
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Until very recently,  “string cosmology” 
was the marriage of a field with no predictions 
with a field with no data.

- Shamit Kachru (2006)
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Brave New World

• Unconventional sources of data, new interfaces 
with experiment

• Interdisciplinary: astro/cosmo-particle, 
string-phenomenology

• Phenomenology is in demand

• Web 2.0: blogs, wikis, meta-information, VoIP

28
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Be prepared

• Collider physics, astroparticle physics

• LHC Olympics, black box data challenges

• Learn to talk to experimentalists (hep, astro)

• Keep an eye out!

• In case everything goes to hell...
... learn string-cosmology

29
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Lessons

• The next 20 years will be data-driven
(Planck, Super-B, ILC) 

• Your PhD will not be like your adviser’s.

• Things will happen quickly, be prepared

• Broader range of skills required

• Technology is on our side

• Collaboration is even more important

30
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2008 Part III Return Conference


