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Conference Overview
400 people
4 days plenary

~40 plenary talks
2 days parallel

~160 parallel talks
I could go to 20.

My impressions:
Too many string theorists
Not enough SUSY data
But quite a good review of particle physics for all that
And good to listen to serious SUSY 
phenomenologists
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Keith Dienes put it well:
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Keith Dienes put it well:
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The Higgs
A SUSY conference is a good place to find the 
Higgs

SUSY theorists will get very nervous if a Higgs below 
130GeV is wiped out.

Covered:
LHC expectations
TeVatron limits – Volker Buscher nice overview
Theoretical developments

There was a review of the first two, here, a few 
months back
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LHC: Higgs rates: m
H
=120GeV
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LHC: Higgs rates: m
H
=160GeV

Cross-section 
times 
branching 
ratio in  
channels 
examined
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ATLAS: Sensitivity: m
H
=160GeV

'?': my 
estimate. 
ZZ VBF surely 
possible too 
Cross-sections 
mimic 
sensitivity 
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Higgs sensitivity: m
H
=120GeV

'?': my 
estimate.  
'??' for VBF 
H→bb, 
currently under 
study.
ττ VBF 
isolated
Several weak 
channels

From CERN-OPEN-2008-020
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30fb-1
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CMS (Marinelli): τ+τ- in VBF
1fb-1 “early data”
CMS H →ττ has tuned 
the selection to allow 
in maximum rate

 and background
This is based upon 
trying to make a limit - 

Which will be 10 times 
SM anyway

Why are we not 
preparing for 
discoveries?
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Higgs self-coupling
Very desirable test of the
theory

Quartic self-coupling 
drives VeV

What about 
self-

coupling?

Extremely challenging
SLHC required, plus luck

hep-ph/0304015 finds 
160-180GeV plausible

No pileup, fast-sim, 
backgrounds look low
Now ~ excluded!
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TeVatron Higgs
D0 Wjj spectrum
First step toward 
Wbb to look for a 
light H→bb
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D0 WZ signal

Wjj includes WZ. 
Diboson peak 4.4σ

Is rising edge under control?
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Tevatron Higgs Combination

A 'lucky' fluctuation at 160-170



W.Murray PPD 15

Projection
Factor ~2 
sensitivity 
assumed
No chance 
of 
discovery
But 
exclusion 
of SM 
Higgs 

And 
SUSY?
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SUSY Higgs: Marcela Carena
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MSSM Higgs
LEP benchmarks cannot all be excluded
But some of them will be

If the analyses still improve
And there are no nasty bumps in the data

These are essentially from the lightest Higgs
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CPX
Nice talk on calculations of x0 in this
Challenge: 40GeV h1 decaying bb.
Decay chain of gluino with χ0 and h to bb, and  
jets.
Caleb's q's:

Vary mu in the tan-beta mA exclusion plane
Why does mA limit go 200GeV higher in CMS at tan-
beta=50 (800 c/f 600)
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CP violation in SUSY Higgs
Apolstalos Pilaftsis
3 Higgs h, H, A → H

1
, H

2
, H

3

Introduce via loop corrections
LEP holes should be reduced by D0 analysis

Diffractive Higgs production might allow 
separation of H

2
, H

3
 and analysis of CP 

asymmetries

Tag outgoing intact protons
Reconstruct centre-of-mass energy
FP420 and friends
(Up for review in ATLAS next week)
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CP Higgs diffractivly

Vertical lines are pole masses
aτ is σ

rr
 - σ

ll

Red/black different phases 
This used to be muon collider territory!
J. Ellis, J.S. Lee, A. Pilaftsis PRD71(2005) 075007.
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Sven Heinemeyer: HiggsBounds
http://www.ipp.dur.ac.uk/HiggsBounds
Answers the question: Is my boson excluded?

Can feed in new theory or new data

http://www.ipp.dur.ac.uk/HiggsBounds
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B decays and SUSY
De Sangro review
B to τυ

New results from 
Moriond,

B to eυ/μυ
B to sγ
Combined H+ limit

280GeV
More for large tan β
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Jet Analysis

Jet Substructure – Sky French
Variable R jets – David Krohn
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RPV via jet substructure
Sky French – LSP decays to 3 jets
Look for boosted LSP, all 3 jets merged
Plot jet mass
Now look at substructure:

k
T
 algorithm uses: y=d

kl
/m2

Find y1, y2, from last two splitting
Cut on these to select signal
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RPV via substructure

Cut on y1 & y2 gives:
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Variable R jets
Jet algorithms much in discussion

Cone algorithm used by ATLAS >10 years
Not IR safe

A soft emission can change jet results
Theoretical predictions not well defined
A Problem for TeVatron analyses?

Many solutions:
k

T

Fast-k
T

Midpoint cone
Siscone 
Anti k

T

ATLAS just adopted this as least-bad

All have a fixed radius
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Variable R jets

Jet diagram in η-φ space

This example is anti-k
T

Existing pp(p) algorithms are all fixed radius 
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The problem with fixed R
Fixed R is extremely
variable in θ-φ space
W →jet jet does not
depend upon
orientation
But fixed R algorithms
do.

By the way, I am really happy that OpenOffice 3.1 allows jet jet over-lining with one button
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Proposed solution
A jet of given E and angular width, W, if rotated, 
will have variable p

T
 and R.

W/E ~ R/p
T

So scale R with p
T

If 'adjust' anti-kT, result is 
boost invariant
IR safe

See http://jthaler.net/VR 
arXiv:0903.0392

http://jthaler.net/VR
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Comparison for one jet
Left is anti-k

T
, right VR anti-k

T

Counter-intuitive?
High-energy jets are smaller
But this separates W→jj a bit like jet substructure 
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Performance on X→jj

20% more signal in peak!
VR was optimised for this
Not sure that k

T
 was...
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Wim de Boer's Indirect talk 
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Old “conventional” 
CRE Model

γ 0=2.54

New “conventional” CRE models

Spectrum well reproduced by Diffuse Galactic Cosmic-Ray Model, 

with harder injection spectral index γ 0 than in previous CR models

[electrons accelerated by continuously distributed 

astrophysical sources, e.g. Supernova Remnants]

γ 0=2.42 γ 0=2.33

 ﾠ

γ local ~ g0 +
d +1

2

e+e- 
spectrum
(Profumo)
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Pamela – the Belle of the ball
But does anyone want to ask her to dance?

In a nutshell:
Pamela see excess of high energy positrons
They do NOT see excessive antiprotons
Wimp annihilation to jets would produce both.
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MisID Pamela interpretation

Ap→Apπ0; confuse p for e+.
Mising TRD in Pamela may be the problem
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Astrophysical Pamela
Super Nova Remnants

Produce photons
Split to e+e-
Accelerate

Pulsars
Similar explanation
But how do they escape B field?
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Under reasonable assumptions, electron/positron emission from pulsars

offers a viable interpretation of Fermi CRE data which is

also consistent with the HESS and Pamela results

Grasso, Profumo, Strong et al., 0905.0636

Pulsar e+e- emission
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SUSY Pamela interpretation
TeV scale WIMP -> light X -> leptons

TeV scale WIMPs form bound states
Boosts annihilation rate
ArXiv:0810.0717
ArXiv:0810.5397
ArXiv:0905.0333

Non-thermal Wimp history, anti-protons were 
overlooked 

Kane, see following



W.Murray PPD 45

Kane's take on Pamela
ArXiv:0812.4555
Agrees that Wino in thermal abundance 
cosmology cannot produce enough e+

Assume non-thermal history, 'invent' density.
Antiprotons are in Pamela data, but soft and 
were mistaken for background

180-200GeV Wino plus an extra 'background' 
from SNR/pulsars his best fit  
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Energy (GeV)
1 10 100 1000

)+
+

e
-

/(
e

+
e

0.01

0.1

Positron Flux Ratio wino signal(enhanced)+background+extra flux

wino signal+background+extra flux

wino signal(enhanced)+background

background

PAMELA

L = 2 kpc
-1 s2 cm2810× = 2.50K

 = 0.5δ
-1 kpc-1 = 5 km sconvv

-1 = 31 km sAlfvenv

 = 2τ
f = 0.5

 = 2cB

 = 500 MVΦModulation Field 
E_cut = 950 GeV

 = 1.5α
 = 2.6

0
γ

 = 1:6-:e+e
 = 180 GeVwinoM

Forthcoming 
PAMELA 

data in this 
region. for 
e+ , e- , e+ 

ratio

Ignore region 
below ﾠ  10 
GeV – solar 
modulation
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Kinetic Energy (GeV)
1 10 210 310

)
p

/(
p

+
p

-510

-410

Antiproton Flux Ratio wino signal(enhanced)+background

wino signal+background

background

PAMELA

L = 2 kpc
-1 s2 cm2810× = 2.50K

 = 0.5δ
-1 kpc-1 = 5 km sconvv

-1 = 31 km sAlfvenv
 = 2τ

f = 0.5
 = 2cB

E_cut = 950 GeV
 = 1.5α
 = 2.6

0
γ

Note  signal ﾠ 
background 

even at lowest 
energies

Signal, 
backgroun

d have 
similar 

shape for 
antiprotons
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Redman’s Theorem

Roderick O. Redman

(b. 1905, d. 1975)

Professor of Astronomy 

at Cambridge University

“Any competent theoretician

can fit any given theory

to any given set of facts” (*)

(*) Quoted in M. Longair’s

 “High Energy Astrophysics”, sec 2.5.1 

“The psychology of astronomers 

and astrophysicists”
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