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IS HINCHLIFFE’S RULE TRUET? -

Boris Peon

Abstract

Hinchliffe has asserted that whenever the title of a paper
is a question with a yes/no answer, the answer is always no.
This paper demonstrates that Hinchliffe's assertion is false,

but only if it is true.
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Supersymmetry Without Prejudice

- The MSSM has ~140 parameters

- Studies/Searches incorporate simplified versions
- Theoretical assumptions @ GUT scale

- Assume specific SUSY breaking scenarios

- Small number of well-studied benchmark points

- Studies incorporate various data sets

- Does this adequately describe the true breadth of
the MSSM and all its possible signatures?

- The LHC is turning on, era of speculation will end,
and we need to be ready for all possible signals

- Ready to determine underlying physics from LHC
data and provide physics case for a Linear Collider



Most Analyses Assume CMSSM Framework

CMSSM: mg, m,,, Ay, tanp, sign u
X2 fit to some global data set

Prediction for Lightest Higgs Mass
Fit to EW precision, B- phy5|cs observables, & WMAP
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Spectrum for Best Fit CMSSM/NUHM Point

NUHM includes two more parameters: M,, U
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Comparison of CMSSM to GMSB & AMSB

Heinemeyer etal arXiv:0805.2359
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Gluinos at the Tevatron
Alwall, Le, Lisanti, Wacker arXiv:0803.0019

- Tevatron gluino/squark analyses performed solely
for mSUGRA - constant ratio m g, : Mgjpo = 6 : 1

Gluino-Bino mass Exclusion Limits

ratio determines
kinematics

S/B > 1

Jet jet

—— =

gluno squark bino

200 300
L g

130 GeV



Comprehensive MSSM Analysis

Berger, Gainer, JLH, Rizzo, arXiv:081 1.xxxXx

- Study Most general CP-conserving MSSM
- Minimal Flavor Violation
- Lightest neutralino is the LSP

- First 2 sfermion generations are degenerate w/ negligible
Yukawas

- No GUT, SUSY-breaking assumptions

= pMSSM: 19 real, weak-scale parameters
scalars:
Mg, Mgy, My, My, My, My, M, M, M, M,
gauginos: M,, M,, M;
tri-linear couplings: A,, A, A,
Higgs/Higgsino: u, M,, tanf



Perform 2 Random Scans

Linear Priors

107 points - emphasize
moderate masses

100 GeV < Mgtormions < 1 TeV
50 GeV< M, M,, u| <1 TeV
100 GeV< M;<1 TeV
~0.5M, < M, <1 TeV

1 <tanp <50

|Acp.l <1 TeV

Log Priors

2x106 points - emphasize
lower masses and extend to
higher masses

100 GeV £ Mgermions < 3 TeV

10 GeV < [M;, M,, u| <3 TeV
100 GeV < M, < 3 TeV

1 <tanp <60

10 GeV <[A ., | <3 TeV

Absolute values account for possible phases
only Arg (M. n) and Arg (A: p) are physical



Take a Random
Point in

MSSM
Parameter
Spaca

III"":

micrOMEGAs 2 10 “

SuSpect 2 34 ;!

Zenerate Spectrum
Checl for Tachyans
Check CCB and UFE
Check b-» s

Check LAP

Check Ap

Check muon g-&
Check B_s -» muons

* Tevatran Congtraintsg
. Jett + mizzing enerqy

* trileptons
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" Check Relic Density

Check Cirect WIMP
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® Check meson
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Set of Experimental Constraints

- Theoretical spectrum Requirements (no tachyons, etc)

- Precision measurements:

- Ap, T'(Z— invisible)
- A(g-2)u ??7? (30.2 £8.8) x 10-10 (0809.4062)
(29.5 £ 7.9) x 10-10 (0809.3085)
— (-10to 40) x 1079 to be conservative..

- Flavor Physics
- b-sy, B-1v, B, —uu

- Meson-Antimeson Mixing : Constrains 1st/3rd sfermion mass
ratios to be < 5 in MFV context



Set of Experimental Constraints Cont.

- Dark Matter

- Direct Searches: CDMS, XENON10, DAMA, CRESST |
- Relic density: Qh2 < 0.1210 — 5yr WMAP data

. Collider Searches: complicated with many caveats!

- LEPII: Neutral & Charged Higgs searches
Sparticle production
Stable charged particles
- Tevatron: Squark & gluino searches
Trilepton search
Stable charged particles
BSM Higgs searches
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Tevatron Squark & Gluino Search

2,3,4 Jets + Missing Energy (DO)

TAELE I: Selection criteria for the three analyses (all energies
and momenta in GeV); see the tact for further detaik.

Presalection Cut

All Analyses

Bt =10
|Vertex = pos| < 60 cm
A coplanarity < 165°
melection Cut “dijet” R “gluina"”
Trigger dijet multijet multijet
jety pr® ] = 35 > 3h
jet, pr® = 3h > 35 > 35
jats prt - > 35 > 35
jet prt - — = 30
Blectron veto ves ¥ en ¥ es
Mucn veto ves VER Ve
A Er, jot1) = 000 = O0° = o0
Adi Er, jata) = 5P = 5P = 50°
A Pin (H , any jet ) > 40 - -
Or > 395 > 376 = 00
Er = 295 > 175 = 100

“First and second jets are also required o be contral {|ngaee| < 087
with an elsctromagnetic fractiom  below 085, and to have

CPFO = 075,

*Third and fourth jets are required to have [nae] < 2.5, with an

alectromagnetic fTaction below 005,

Multiple analyses keyed to
look for:

Squarks-> jet +tMET
Gluinos -> 2 j + MET

Feldman-Cousins 95% CL
Signal limit: 8.34 events

For each model in our scan
we run SuSpect -> SUSY-Hit
—> PROSPINO -> PYTHIA ->
DO-tuned PGS4 fast
simulation and compare to
the data
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- 107 models scanned

- 68.5K (0.

survive
- Log Priors:

68%)

- 2 X102 models

scahned

- 3.0k (0.15%) survive

9999039 slha-okay.txt

7729165 error-okay.txt
3270330 Isp-okay.txt

3261059 deltaRho-okay.txt
2168599 gMinus2-okay.txt
617413 b2sGamma-okay.txt
594803 Bs2MuMu-okay.txt
592195 vacuum-okay.txt
582787 Bu2TauNu-okay.txt
471786 LEP-sparticle-okay.txt
471455 invisibleWidth-okay.txt
468539 susyhitProb-okay.txt
418503 stableParticle-okay.txt
418503 chargedHiggs-okay.txt
132877 directDetection-okay.txt

83662 neutralHiggs-okay.txt
73868 omega-okay.txt

73575 Bs2MuMu-2-okay.txt
72168 stableChargino-2-okay.txt
71976  triLepton-okay.txt

69518 jetMissing-okay.txt

68494 final-okay.txt



BN

ATLA

CMS

— —_/

SU1
SU2
SU3
SU4
SU8
LM1
LM2
LM3
LM4
LMS
LM6
LM7
LM8
LM9

LM10
HM?2
HM3
HM4

OK
killed by LEP
killed by Qh?
killed by b—sy
killed by g-2
killed by Higgs
killed by g-2
killed by b—sy
killed by Qh?
killed by Qh?

OK
killed by LEP
killed by Qh?
killed by LEP

OK

killed by Qh?
killed by Qh?
killed by Qh?

Fate of Benchmark
Points!

Most well-studied
models do not
survive confrontation
with the latest data.

For many models this
Is not the unique
source of failure



Similarly for the SPS Points

SPS1a killed by b —sy

SPS1a’ OK

SPS1b killed by b —sy

SPS2  killed by Qh? (GUT) / OK(low)
SPS3  killed by Qh? (low) / OK(GUT)

SPS4 killed by g-2
SPS5 killed by Qh?
SPS6 OK

SPS9 Kkilled by Tevatron stable chargino



number of models

Predictions for Lightest Higgs Mass

Flat Priors Log Priors
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Predictions for Heavy & Charged Higgs

Flat Priors
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models

6000
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3000

2000 -

1000

Distribution for tan beta

Number of Models with Tan Beta in Given Range

Flat Priors
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Distribution of Gluino Masses

Flat Priors Log Priors

2200 160
2000 - '
1 140 —
1800 — ]
1600 — L2U0]
> 1400 - @ ]
m —
i 1 S 100+
st s
£ 1200 — e ]
5 1000 - S iy
b3 ] z '
e 800 = 60 —
=1 | =1
< 600 = ]
1 40 —
400 — ]
i 20 —
200 —
0 . - - - - - : - - - 0 - - . - - - . - : - . . .
0 200 400 600 800 1000 0 500 1000 1500 2000 2500 3000 3500
m_ [GeV] m_ [GeV]
mSUGRA (m =6 m_.) 000 | —— mSUGRA(m_=6m_,)
600 m_= 2 m .. : i ‘ m = 2 m .
4 800 —
500 700
600 —
400 -
500 —
= T =0
300 =
o, ~ 400 -
a = ]
~ S
E oo 300 -
200 .
100 1 PR el R TR
100 ~ J:;’x’%_‘%”?\',m‘ffx e
S L TN SRR R A S R
0 0 T T T T T T T T T T T T T
0 200 400 600 800 1000 1200 0 500 1000 1500 2000 2500 3000 3500

m_[GeV] m_[GeV]



number of models

number of models

Distributions for EW Gaugino Masses

Flat Priors
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higgsino fraction

bino fraction
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Composition of the LSP
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number of models

number of models

Distribution for Selectron/Sneutrino Masses

Flat Priors Log Priors
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number of models

Distribution of Stau Masses

Flat Priors Log Priors
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number of models

Distribution of Squark Masses

Flat Priors Log Priors
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number of models

number of models

Distribution of Sbottom/Stop Masses
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% of models

ILC Search Region: Sleptons and EW Gauginos
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% of models

ILC Search Region:

Squarks and Gluinos

Flat Priors: Mgy < 1 TeV
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number of models

Character of the NLSP: it can be anything!

Flat Priors Log Priors
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NLSP-LSP Mass Splitting

Flat Priors
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NLSP-LSP Mass Splitting
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Details

NLSP-LSP Mass Splitting
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Am (GeV)

Study of LHC Inverse Problem
Berger etal arXiv:0712.2965

Selectron Production ..

Signal is much =
smaller than SPS1a’ |=:

'''''

SM
background

Y 1
) (-] 13 13 e T e

Chaﬁrgino production

o BEHNEERERBRRAURNES

5[ X —

K x
| X
4_)( % X X » 3K

Many times charginos have small
mass splittings with the LSP

F . 1 requiring many different searches:

1— ] - -

: x x _ 1 stable particles, photon tagging,

e e me SOft j€ts, or a combination. Four
m, + (GeV) are missed due to tiny phase space

Chargino-LSP mass difference
T
|



models

Predictions for b—sy

Flat Priors Log Priors
Number of Models with b -> s yin Given Range Number of Models with b -> s yin Given Range
2000 T T T T 200 T T T T
2500 |
180 F
2000 -
I
0
1500 - T 100
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E
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1000 p
80
500 :
0 ’_I 1 : | 1 0 | : | 1
0.0002 0.00025 0.0003 0.00035 0.0004 0.00045 0.0002 0.00025 0.0003 0.00085 0.0004 0.00045

b->sy b->sy



models

Predictions for B, —uu

Flat Priors
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models

Flat Priors
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Distinguishing Dark Matter Models
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Mass Pattern Classification

msP Mass Pattern Llnear Log
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We have many
more
classifications!
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Summary

- We have studied the pMSSM, without GUT & SUSY
breaking assumptions, subject to experimental
constraints

- We have found a wide variety of model properties
not found in mSUGRA/CMSSM

- Colored sparticles can be very light

- NLSP can be basically any sparticle

- NLSP-LSP mass difference can be very small

- Wider variety of SUSY predictions for Dark Matter &
Collider Signatures than previously thought - we
will study these in detail in the future

For more details, see T. Rizzo, SUSY // session



How Much SUSY Space
is Left?

Quite a lot!
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The LHC Goes Mainstream: Random
Clothmg Store in Hong Kong
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