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SCIENCE & ENVIRONMENT
27 August 2011 Last updated at 02:41 ET

LHC results put supersymmetry theory 'on the
spot'

Results from the Large Hadron Collider (LHC) have all but killed the simplest version of
an enticing theory of sub-atomic physics.

Researchers failed to find evidence of so-called "supersymmetric" particles, which many
physicists had hoped would plug holes in the current theory.

Theorists working in the field have told BBC News that they may have to come up with a
completely new idea.

Data were presented at the Lepton Photon science meeting in Mumbai.

They come from the LHC Beauty (LHCb) experiment, one of the four main detectors situated
around the collider ring at the European Organisation for Nuclear Research (Cern) on the
Swiss-French border.

By Pallab Ghosh
Science correspondent, BBC News
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Why are we probing 
the Terascale?

Sunday, August 28, 2011



Mystery of
the weak force

• Gravity pulls two massive 
bodies (long-ranged)

• Electric force repels two 
like charges (long-ranged)

• Weak force pulls protons 
and electrons (short-
ranged) acts only over 
0.000000001 nanometer   

• We know the energy scale:  
~0.3 TeV using ℏ and c
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New Era

• ∼1900 reached atomic scale 10–8cm≈α/me

• ∼1970 reached strong scale 10–13cm≈Me–2π/αs b0

• ∼2010 reached weak scale 10–17cm=TeV–1

• known since Fermi (1933), finally there!
• presumably it is also a derived scale
• from SUSY breaking? extra dimensions?  string 

theory?
• If so, we expect rich spectrum of new particles!
• We’ll start with Higgs boson(s)
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• Fermi formulated the 
first theory of the weak 
force (1932)

• The required energy scale 
to study the problem 
known since then: ~TeV

• We are finally getting 
there!

Fermi’s dream era
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Cosmic 
Superconductor

• In a superconductor, magnetic field gets repelled (Meißner 
effect), and penetrates only over the “penetration length”

	
 ⇒ Magnetic field is short-ranged!

• Imagine a physicist living in a superconductor

• She finally figured:

• magnetic field must be long-ranged 

• there must be a mysterious charge-two condensate in her 
“Universe”

• But doesn’t know what the condensate is, nor why it 
condenses

• Didn’t have enough energy (gap) to break up Cooper pairs

 That’s the stage where we are!
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• truly impressive progress

• 115-145? 288-296? >466?

• if not standard model, 
maybe ~2sigma excess 
around 140 GeV?

• Anyway, a lot to look 
forward to!

12
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What is
behind Higgs?
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Post-Higgs Problem
• robust discovery reach by ATLAS/CMS

• We will see “what” is condensed

• But we still won’t know “why”

• Two problems:
Why anything is condensed at all
Why is the scale of condensation 
~TeV≪MPl=1015TeV

• Explanation most likely to be at ~TeV scale because 
this is the relevant energy scale

14

Sunday, August 28, 2011



Strange

• Higgs boson is the only spin 0 
particle in the standard model
• one of its kind
• but does the most important job

• looks rather artificial
• Higgsless theories: possible but not 

favored by EW precision data
• another problem: naturalness

15
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Once upon a time, there was a 
naturalness problem...

• At the end of 19th century: a “crisis” about electron

• Like charges repel: hard to keep electric charge in a 
small pack

• Electron is point-like

• At least smaller than 10–17cm
• Need a lot of energy to keep it small!

• Correction Δmec2 > mec2 for re < 10–13cm

• Breakdown of theory of electromagnetism
	
 ⇒ Can’t discuss physics below 10–13cm

Dmec2 ⇠ e2

re
⇠ GeV

10�17cm
re

16
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Anti-Matter Comes to Rescue
by Doubling of #Particles

• Electron creates a force 
to repel itself

• Vacuum bubble of 
matter anti-matter 
creation/annihilation

• Electron annihilates the 
positron in the bubble

⇒ only 10% of mass even 

for Planck-size re~10–33cm

e–

g

e–
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History repeats itself?
• Higgs also repels itself

• Double #particles again   
⇒ superpartners

• “Vacuum bubbles” of 
superpartners cancel the 
energy required to contain 
Higgs boson in itself

• Standard Model made 
consistent with whatever 
physics at shorter 
distances

H H

H

H H

H
~

W
~

Dm2

H ⇠
a
4p

m2

SUSY log(mHrH)
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Opening the door
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Opening the door

• Once the naturalness problem 
solved, we can get started to 
discuss physics at shorter distances 
and earlier universe.

• It opens the door to the next level:

Hope to answer big questions

• The solution to the naturalness 
problem itself, e.g., SUSY, provides 
additional probe to physics at short 
distances

19
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Where is the next 
energy scale?
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Henri Bachacou, Lepton-Photon 2011

impressive, worrisome,
but not quite there yet
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Three Directions
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History repeats itself

• Crisis with electron solved by anti-matter

• Double #particles again ⇒ supersymmetry
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Three Directions
History repeats itself

• Crisis with electron solved by anti-matter

• Double #particles again ⇒ supersymmetry

Learn from Cooper pairs

• Cooper pairs composite made of two electrons

• Higgs boson may be fermion-pair composite 
	
 ⇒ technicolor

Physics as we know it ends at TeV

• Ultimate scale of physics: quantum gravity

• May have quantum gravity at TeV 
	
 ⇒ hidden dimensions (0.1 mm to 10–17 cm)
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• We really don’t know 
what is going on at TeV

• stupid theorists!

• Can we zoom in onto 
a point on this map?

• Expect the unexpected

Sunday, August 28, 2011



Growing Concern
among theorists

26
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Growing Concern
among theorists

• No established deviations in 

• precision electroweak

• flavor physics

• LEP/Tevatron/LHC searches
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Growing Concern
among theorists

• No established deviations in 

• precision electroweak

• flavor physics

• LEP/Tevatron/LHC searches

• Maybe we are not looking for right things?

• Is nature fine-tuned?

• after all, cosmological constant tuned 10–120

• maybe there isn’t anything beyond the 
Standard Model?

26

There definitely is!

Sometimes this happens
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make our eyes wider

• For example, collider searches for SUSY 
models assumed light elementary Higgs à la 
MSSM (e.g., mH<135 GeV)

• note SUSY can come with a composite 
Higgs: Fat Higgs (Harnik, Kribs, Larson, HM)

• Higgs can be heavy, naturalness constraints 
can be eased by an order of magnitude

• but usual search topologies look OK

27
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LHC results put supersymmetry theory 'on the
spot'

Results from the Large Hadron Collider (LHC) have all but killed the simplest version of
an enticing theory of sub-atomic physics.

Researchers failed to find evidence of so-called "supersymmetric" particles, which many
physicists had hoped would plug holes in the current theory.

Theorists working in the field have told BBC News that they may have to come up with a
completely new idea.

Data were presented at the Lepton Photon science meeting in Mumbai.

They come from the LHC Beauty (LHCb) experiment, one of the four main detectors situated
around the collider ring at the European Organisation for Nuclear Research (Cern) on the
Swiss-French border.

By Pallab Ghosh
Science correspondent, BBC News

"It's a beautiful idea. It explains dark matter, it explains the Higgs boson, it explains some aspects of
cosmology; but that doesn't mean it's right.

"It could be that this whole framework has some fundamental flaws and we have to start over again
and figure out a new direction," he said.

Down the drain
Experimental physicists working at the LHC, such as Professor Nash, say the results are forcing
their theoretical colleagues to think again.

"For the last 20 years or so, theorists have been a step ahead in that they've had ideas and said
'now you need to go and look for it'.

"Now we've done that, and they need to go scratch their heads," he said.

That is not to say that it is all over for supersymmetry. There are many other, albeit more complex,
versions of the theory that have not been ruled out by the LHC results.

These more complex versions suggest that super-particles might be harder to find and could take
years to detect.

Some old ideas that emerged around the same time as supersymmetry are being resurrected now
there is a prospect that supersymmetry may be on the wane.

One has the whimsical name of "Technicolor".

According to Dr Lykken, some younger theoretical physicists are beginning to develop completely
novel ideas because they believe supersymmetry to be "old hat" .

"Young theorists especially would love to see supersymmetry go down the drain, because it means
that the real thing is something they could invent - not something that was invented by the older
generation," he said.

And the new generation has the backing of an old hand - Professor George Smoot, Nobel
prizewinner for his work on the cosmic microwave background and one of the world's most
respected physicists.

"Supersymmetry is an extremely beautiful model," he said.

"It's got symmetry, it's super and it's been taught in Europe for decades as the correct model
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• Before COBE, upper limit 
on CMB anisotropy kept 
getting better and better

• Before 1998, the universe 
appeared younger than 
oldest stars

• cosmologists got antsy
• “crisis in standard 

cosmology”
• it turned out a little “fine-

tuned”
• low quadrupole
• dark energy

uneasiness in 
cosmology
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of the cosmos upside down.
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– 73 –

Fig. 16.— The binned three-year angular power spectrum (in black) from l = 2 ! 1000, where it provides a
cosmic variance limited measurement of the first acoustic peak, a robust measurement of the second peak,
and clear evidence for rise to the third peak. The points are plotted with noise errors only (see text). Note
that these errors decrease linearly with continued observing time. The red curve is the best-fit !CDM model,
fit to WMAP data only (Spergel et al. 2006), and the band is the binned 1! cosmic variance error. The red
diamonds show the model points when binned in the same way as the data.
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Five empirical evidences
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Act now to put in place a credible plan 
for reducing future deficits
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Search for MACHOs
(Massive Compact Halo Objects)

Large Magellanic Cloud

Dim Stars?
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• Clumps to form structure

• imagine 

• “Bohr radius”: 

• too small m ⇒ won’t “fit” in a galaxy!

• m >10−22 eV “uncertainty principle” bound 
(modified from Hu, Barkana, Gruzinov, astro-ph/0003365)

V = GN
Mm

r
rB =

�2

GNMm2

Mass Limits
“Uncertainty Principle”
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• 10-31 GeV to 1050 GeV 

• we narrowed it down to 
within 81 orders of 
magnitude

• a big progress in 70 years 
since Zwicky

Mass Limits
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MACHO ⇒ WIMP
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• Probably WIMP (Weakly 
Interacting Massive 
Particle)

• Stable heavy particle 
produced in early 
Universe, left-over from 
near-complete annihilation

MACHO ⇒ WIMP
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• Probably WIMP (Weakly 
Interacting Massive 
Particle)

• Stable heavy particle 
produced in early 
Universe, left-over from 
near-complete annihilation

MACHO ⇒ WIMP

ΩM =
0.756(n +1)x f

n+1

g1/2σannMPl
3

3s0
8πH0

2 ≈
α 2 /(TeV)2

σann
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No shortage of models

• motivated from the naturalness argument
• Supersymmetry with R-parity
• neutralino
• gravitino

• Universal Extra Dimensions
• Little Higgs with T-parity
• Warped Extra Dimensions with KK parity
• virtually any models at the TeV scale with a 

nearly stable neutral particle...

38
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improving searches with mT2

Universal Extra Dimensions particularly hard
because of near degeneracy in the spectrum

HM, Nojiri, Tobioka
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XMASS
1t LXe in Kamioka

XMASS-Iで期待される感度
p>2x10-45 cm2

for 50-100GeV WIMP, 
90%C.L.

1yr exposure, 100kg FV
BG: 1x10-4 /keV/d/kg
5keVee threshold
Scintillation efficiency: 0.2

Spin Independent

1 year exposure
p=10-44 cm2

100GeV WIMP

Black:signal+BG
Red:BG

Expected energy spectrum
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still valid

• We will definitely learn something on EWSB 
• Standard Model is indeed not the whole 

story: five evidences
• Theorists getting antsy: keep up the good 

work!
• Sometimes nature can be a little devious
• hope LHC is just a beginning of the new era

I remain optimistic!
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