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Determining SUSY Lagrangian
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Ben Allanach (University of Cambridge)

« LHC SUSY measurements
 Tools
« SUSY model fits
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The MSSM L agrangian

QZL(UA)z]u]HZ + QZL (DA)z]d Hl + LzL (EA)’LjejHl +
H.c. +mH Hl*Hl—l—mH HQ*H2+Q ( )zg@y

L; (m3 )iy Lj 4 i (m3) it + di(m3)id; + &(m2);€5 +
|
mAHH, + (M1bb + Myt + Mg ) + H.c.

9: How many parameters including 2 37
A~
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Electroweak Breaking

Higgs get vacuum expectation values:

()= (5) ()= ()

and to getMy correct, match withig,, = 246 GeV.

UsSM — b2
UQ ta)n ﬁ V1

s, U1

L — htt_LHgtR + thLH?bR —|_ hT%LH?TR

my hivsm Mpr My rVsm

sin 3 V2 cos3 /2
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Want to do this with LHC+ILC data:
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What the LHC can do

One can constrain some MSSM sparticle masses
usingkinematic endpointsSince the mass spectrum
depends on the SUSY breakidg, , very difficult to
constrain things in general. Each patternCof,
leads to very different decays of sparticles: many
different possibilities. So: making the model

et constrained and doingia IS much easier.

Alternatively, one only considers a couple of
sparticles (see later) and attempts to constrain these
simple scenarios.
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Lﬁiﬁ collider SUSY Dark Matter
ngx};

Production

Strong sparticle production and decay to dark matter
particles.
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I SUSY Kinematics: a Reminder

Take an particle decaying into 2 particles, eg

H® — bb. We define the of thebb pair
such that:

b(p

s—ﬁ!g\%

= (v/m3 + p%p) = p) + 1t
@Scien_ce&Technology - —HE) Qp —> B
‘‘‘‘‘‘ p) = 8= = = (ot )

IS invariantin boosted frames

Question What happens to invariant mass in SUSY
cascade decays, where we miss the final particle?
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Narrow Width Approximation
Lﬁgi}?

Take some scalar propagator mod-squared:

on 1
D(p") = (p? — m?)2 + m2I'?
My D) = 7/ (mD)3( — ).

~zmimew Thus (as is often the case in the MSSM), for particles
with narrow widths, we may approximate them
assuming they have’ = m?, ie they are . The
next order in perturbation theory @(m /I").
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Cascade Decay
%W o = D)
A A pli i ‘pli‘7pli)
X>(2) N_Z_ X12 \/mX12 ’p 0 ’2’BX(1)2)

Work In [ rest frame
The invariant mass of the' [~ pair is

) scice 8Tty mZQZ — (pl+ —I—pg—)“(pl+ ‘|‘pl—)u — plQ+ - ng— + 2pi+ - pr-
= 2|p,.||p,_|(1 = cos 0)

—X2 — — —X1
Mg +[p o = mj+|p
X2 0 [ [+ 17
— 2 — 1
= S+ Slmilarly = o

Determining SUSY Lagrangian Parameters B.C. Allanach-p. 9



9‘?? Y3
; I LHC SUSY I\/Ieasurements )
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k¥ . Can we measure enough of these to pin S88xwvn?
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BCA, Lester, Parker, Webber, JHEP 0009 (2000) 004
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Other Observables

Often more complicated, eg;;, edge:

i 2 2 2 2 2 2 2 2
o | U2 T ) (Mg = i) (mg — ) (my — miy)

2 7 2
™ M=
L X9 l
(mgmi; — m,om o)(m2 — mg)_
q'" " X2 ' X1 X5 [
W8 guiy )
Also m; ™", miev, 1 A M2 (m) =
lq Z q / Ts T

min]lmlﬂh {max{m%(pf;,ﬁh )7 (pTap% )}} )

max[MT( SX)} m;| for dislepton production.

Determining SUSY Lagrangia amete B.C. Allanach-p. 11



2 \,‘I Science & Technology
7 Facilities Council

5 1T
3 \h':l!l' ”': !I"
-y

& Cambridge g5
'
E:?,li-j”g .E-g;l..':'“-'\"I1Q

Determining SUSY Lagrangian Parameters

Edge Fitting at S5 and O1
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Edge Positions

Do a fit: all scalars considered degenerate in
MSUGRA atM ¢y, whereas for O1, squarks are
massless there.

endpoint/GeV|  S5fit fit
Ty 109.1Gt0.13 70.440.15
my, €dge 532.14-3.2 544.144.0
lq high 483.5+1.8 515.8+7.0
lg low 321.5£2.3 249.81.5
llg thresh 266.0:6.4 182.2£13.5

See Barr, Lestegr Xi v: 1004. 2732 for a review of other mass measurement techniques
Determining SUSY Lagrangian Parameters B.C. Allanach- p. 13
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Edgeto Mass M easurements
L@;Ex}?

width S5 width
X3 17 22
= 17 20
X5 17 20
il 22 20 T R

m, (GeV)
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ﬁﬁ Simple Study
- g

g Can boundlpp — §g, with § — 25F - from®:

') ) [
L dt ~ 70 nb h

J
o
ﬂ

U4 (x10)

Three Jet Ghannel
ATLAS Preliminary

m, (GeV)

@ Science & Technology
Facilities Council

-3
10°0 20 40 60 80 100 120 140 160 180 200 N e ea
£ [GoV] : 200 250
e e mg (GeV)

Very simple situation: depends only ey, m,0 and
= L L 1
possiblym; through production matrix elements.

NS lrl_F

"y, AlveS, Izaguirre, Wackelar Xl V: 1008. 0407
nﬁ{ ambrid ige i
qFE- wH

iy, P ATLAS, ATLAS-CONF-2010-065

hing g
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; m Other ThingsWeWant to Check

* Do the spins correspond to SUSY?
* Do the couplings correspond to SUSY? Eg

@ Fattes Comar
All of these detailed checks are very difficult to do at
the LHC. Really, one needs a future to

do these things: with enough energy to produce the
relevant sparticles.
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Coupling M easur ement
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ip — dxi — d v, @ — dxy — d 7

The idea Is to use the lepton charge to tag the charge
of the initial quark and look fog;q;, production.

e ASsuming ILC data on BRs, can get4% accuracy

e, mm
wplambridge gy

maesd  for 100 fb 12 at an easy point.

"hing gt
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ﬁlﬁ Spinsat LHC
Lﬁgi}? N

i | x| o

(mig™)” = 2|p1l|pgl(1—cos Oig) = (Mg pasin” (61q/2).

e 2 2 2 2
(mnea 2 (mq _ mxg)(mxg B mi>

lqg /max m20

X2

Considerm = my/mg(maz) = sin 0;,/2, for PS

dPps

= 2m.
dm "

Determining-SUSY Lagrangian Parameters B.C. Allanach-p. 18
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Spins| |
ngx}? P

P(tq/l— g P(I—q/l*q
Co/lta) _ s 4PU4/17G) -
dm dm

Seems hopeless, since we cannot tag quarks vs
anti-quarks (average is PS). Byt gives more; than

s @01 WHICH l€ads to spin-generated lepton charge
asymmetry -

Barr,hep- ph/ 0405052

) 100 200 300 400
my, / GeV

o > Yin JIJI_FI: r

ty,
:gi ambrid ige :;
t:
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Orking g
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gggg Region of Valldity of barr
M ethod
ngx};

Significance

@ Science & Technology
Facilities Council

100 200 300 400 500 600 700 800 900 1000
m, , [GeV]

For £ = 150 fb™!, can discriminate against phase
space In the and/c regionsonly.

o > Yin JIJI_FI: r

.
Ee

e,
HF5HMatLLq,
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s & Universality
ﬁg Reduces number of SUSY breaking parameters from
100to 3:
¢ tanﬁ — UQ/Ul
* my, the scalar mass (flavour).
* M), the gaugino mass (GUT/string).
D e .+ A, the trilinear coupling (flavour).

should be imposed at

Myx ~ O(10'718) GeV and receive radiative
corrections

o 1/(1672) In(Mx /My).
Also, Higgs potential parameter sgn€+1.

Determining SUSY Lagrangian Parameters B.C. Allanach- p. 21



s
SOFTSUSY

5%

gﬁg SOFTSUSY Is an MSSM spectrum generator. Like 3
other public spectrum generators, it predicts MSSM
masses and couplings consistent with weak-scale dat:

and an assumed high-scale boundary condition on
SUSY breaking.

@ Science & Technology
Facilities Council

TSN T,
N JJ.F,.!I,

SOFTSUSY3.0.5

8 10 12 14 16
log;o(W/GeV)

ty,
e, o
wplambridge gy

LZ
1.]] -E‘[
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Getg;(Mz), hip-(Mz).

!
Run toMg.

!
REWSB, iterative solution of:

l
D xtine Mx. Soft SUSY breaking BC.

!
Run toMg. Calculaté sparticle pole masse

!
Run toM,

log (E/GeV)

N /7

S.

w5 Mgy,
] II'“J g jl.!f':']'.
:-ﬁf'm]ﬂﬁrh.ij;u -
I

sl
1".':‘.'j [ _E._-;uhn.
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ﬁlﬁ Flttlngto SUSY Breaking M odé€
ngx}?

@ Science & Technology
Facilities Council

« Experimenters pick a SUSY breaking point

» They derive observables and errors after detector
simulation

» We fit? this “data” with our codes

o > Yin JIJI_FI: r

ty,
:E{ ambrid ige :;

"i

king 65 BCA, S Kraml, W Porod, JHEP 0303 (2003) 016
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@ Science & Technology
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See areview: BCAar Xi v: 0805. 2088
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: x}; M SSM Tools

gﬁg
\

SUSY Spectrum calculatd

__— T |
Input observables: MZ, mt Indirect observable

I
Decays |
@ Scigeln;e %Tech{iology EW/fl aVO U r etC

Event generato

Detector simulatio

S SLHA: Skandset al, hep- ph/ 0311123, SLHAZ2: BCAet al,

)
,Bm

B ar Xi v: 0801. 0045 (NMSSM, RPV, FV, CPV)

'r'-']!ll _E:-El._'?'.
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Spectrum and decays

decouples particles at the mass
thresholds but misses some finite terms in the
matching: re-sumkg splittings.

. all catch the
finite terms but do the splittings to leading log In
RPC-MSSM.

. do Higgs mass
spectrum and decays of CP violating MSSM

. does the " MSSM spectrum,
gives the decays widths etc

¢ ] ) y and
do decays of Higgs and SUSY
particles in MSSM.

Determining SUSY Lagrangian Parameters B.C. Allanach- p. 27
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%E% Matrix Element Generators
« Additional hard jetsannotbe modelled reliably
using the parton shower - you need to simulate

the matrix element.

° do
D) s i SUSY and more general models at tree level. 2 to

e
Facilities Council

4 possible. can be used to remember
spin information in the decays.

. : - polarisation included for

ete

o does NLO-QCD spatrticle

production *{N

-1:"'-‘-'1.-1:1 ‘.'li“'ﬁﬁ
Determining SUSY Lagrangian Parameters /66\1_

Q1 K
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%E% Event Generation

« Can pass matrix-element generated events to
event generators with the (origindleés Houches
Accord

o used extensively. Includes RPV.
phase-space decays: too.

Fom— maintains spin info down cascade
decays. RPV too.

o matches up ME with more standard
event generatlon Structure of LHC Events

o Shift towardC++

Q=Y Mipy,

~k
: -]

& Cambridge g5
i i
i

Hhing gt
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2
‘ﬁﬁ‘ﬁ SUSY Prediction of QA

« Assume relic in thermal equilibrium with
Neq o< (MT)3 2exp(—M/T).
 Freeze-out witlf’y ~ M /25 once
(tc, critical)

. uses to automatically
e calculate relevant Feynman diagrams for some
given model Lagrangiarflexible

g has MSSM annihilation
channels hard coded.

» Both and calculate
(in-)direct predictions.

Determining SUSY Lagrangian Parameters B.C. Allanach-p. 30



I SUSY Dark Matt
%W‘? ark Matter

@ Science & Technology
Facilities Council

"al_"- ; ”I

..-:‘" L £}

{ ambr 1~-|_|. w;

e 2
[t} { ."L .E'LI..

Determining SUSY Lagrangian Parameters B.C. Allanach- p. 31



%I%

2
‘ﬁﬁ‘ﬁ SUSY Prediction of QA

« Assume relic in thermal equilibrium with
Neq o< (MT)3 2exp(—M/T).
 Freeze-out witlf’y ~ M /25 once
(tc, critical)

. uses to automatically
e calculate relevant Feynman diagrams for some
given model Lagrangiarflexible

g has MSSM annihilation
channels hard coded.

» Both and calculate
(in-)direct predictions.
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%Etﬁ Caveats

 Implicitly assumed that LSP constitutalt of
dark matter

« Assumed radiation domination in post-inflation
era. No clear evidence between freeze-out+BBN
that this Is the casé/(, changes).

e © EX@mples of non-standard cosmology that would
change the prediction:

» Extra degrees of freedom

* Low reheating temperature
« Extra dimensional models
» Anisotropic cosmologies

* Non-thermal production of neutralinos (late
decays?)

Determining SUSY Lagrangian Parameters B.C. Allanach- p. 33




ﬁlﬁ WMAP+BAO+la Fit
s a Fits

@ Science & Technology
Facilities Council

74% Dark Energy
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& Cambridge g5
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ﬁlﬁ WMAP+BAO+la Fit
s a Fits

@ Science & Technology
Facilities Council

74% Dark Energy
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& -m | mplementation

We use
e 95% C.L. direct search constraints
e Qpyh? =0.1143 + Boudjemaet al

* 0(g—2),/2 =(29.5 £8.8) X 1071V stsckingeret al

« B—physics observables including
BR[b — 7] -1 6 Gev = (3.52£0.38) x 10~

o Electroweak datav Hollik, A Weberet al

21n£:—ZX? C—Z _6Z C
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Additional observables

(100 GeV
Mgy sy

— 2
5(g 5 )i ~ 13 x 107"

2
) tan O

/X\(f/\dé\’/
LA

/X\M\J
t s

Determining SUSY Lagrangian Parameters
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Determ

g Application of Bayes

L = p(d|m, H) is pdf of reproducing datd assuming
PMSSM hypothesigi and model parameters

p(m, H)
ml|d, H) = p(d\m, H
p(mld, H) = p(dim, H)” 2
p(m|d, H) is called the pdf. We will
comparep(m, H) = c with a prior.

p(m07M1/2‘d7 H) :/de(mO,Ml/Q,Q‘d, H)

Calledmarginalisation

ining SUSY Lagrangian Parameters B.C. Allanach- p. 37
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L 1kelithood and Posterior
it

Q: What's the chance of observing someone to be
pregnant, given that they are female?

it
£ *  d=pregnantmm=female

* / | Posterior
p(female | pregnant, human) = 1.00

More obvious what to do in discrete cases like this one

Determining SUSY Lagrangian Parameters B.C. Allanach- p. 38



BB \/olume Effects
5%
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M arkov-Chain Monte Carlo

Metropolis-Hastings Markov chain sampling consists
of list of parameter points'*) and associated
posterior probabilities?).

Final density ofr pointscx p. Required number of
points goesinearly with number of dimensions.

Determining SUSY Lagrangian Parameters B.C. Allanach- p. 40



Global Fitsl|
%E‘ﬁ obal Fits

1515 ‘ 3015
1030 2030

\,I Science & Technology 1045
7 Facilities Council . .
m1/2/GeV mo/GeV

| strong —
- weak gaugino
slepton

L JTIJ';_F':!I'
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& Cambridge g5
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el Iﬁ
- pM SSM Fits
xggx
are: M o3, Ay sy, mi, ,, tan 3,
— Mg Magpy = Még pyMeg = Mg 1y m{,E,%R,L

M, mp(me) as(Mz)MS, a1 (M4)MS, M,. Combined Bayesian

Observable Measurement Fit(Log)
my, [GeV] 80.399 + 0.025
r,[Gev] 2.4952 + 0.0025
/ ) . sin® 0y, 0.2324 + 0.0012
£ ) Science & Technology P 0
Facilities Council ¢ fi 8(g-2), ¥ 10 30.20 + 9.02

BR(B - X,y) x 10* 3.55+ 0.42

Rere, - 1) 1.11+ 0.32

1.15+0.40
0.0375 + 0.0289
0.11+0.02

W AR ¥im LS

it S.S. AbdusSalam, BCA, F. Quevedo, F. Feroz, M. Hobson,

o p - ANDTIAge oy

Yorking g ar Xi v: 0904. 2548
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o Prior |ndependence
ﬁg Once LHC data on spatrticle production is included,
prior dependence in mMSUGRA decreases:
Roszkowski, Ruiz de Austri, Trotta,

ar Xi v: 0907. 0594

@S nce & Technology

Posterior pdf
Fac lt s Council

. CMS5M L 0
..........‘.__.‘ A T L.l':'| El E; |_!3 pﬂ'i nt

280 300
m, (GeV)

».'Jn,

HF{ ambridge =y
fg o
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xggt}a?

Flattan

\:I Science & Technology 5 10 15 20 25 30 5 10 15 20 25 30

> Facilities Council tan B tan 3
Myx = 101 GeV

Two constraints enough!
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L
mu-m \V odel Comparison

Calculate thdBayesian evidenoaf each model

Z, = / p(dim., Hy) p(m| H) dm

p(Hi|d)  p(d|Hy)p(H1) 21 p(Hi)

) sence 8 Teroloy p(Hold)  p(d|Hy)p(Hy)  Zop(Hp)'
pi/Para | @symmetrié Loy
Model/Prior| linear| log | flat u, B
MSUGRA | ! 4
MAMSB
AV 18 | 20 22

| petermining susy Ada@ieisdaia, BCA, Dolan, Feroz, Hobsam, Xi v: 0906 e&dlecf-p. 45



I Summary

xg:ggt}a;

ATLAS Online Luminosity \s=7TeV
LHC Delivered
ATLAS Recorded

1.2

Total Delivered: 1.073 pb™’
Total Recorded: 1.008 pb”’

1
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- Supplementary Material
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MSSM Neutral Higgs Potential
5

>
>
>

v:

mi,) | Hyl")

(1l ) Hy | + (|
—uB(HYHY + c.c.)

40P+ ) (HOP — [HIPY
W _ v

OHY  OH

sin 23

9 (m%—[d T mHu T 2,&2),

My, — My tan® 3 M2
tan® 3 — 1 2
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Natural Prior

We have assumed a flat priortian &, implies a
measure:

p(mg, M, p|datg = /dAO dtan 3 ds
p(mOaMl/QaA())tanﬁ?Sldat@°

of dudBS(My — MS™) —
[ dMzdtan B)/|6(My — Mg™)

sar Xi v: 0812. 5316
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The Sign of i

In order to calculate(d|H;)/p(d|Hs), we calculate
the Bayesiamvidenceaatio:

p(d|H;) = /dmp(d|maHi)p(m|Hi)

= p(H;|d) = p(H;)p(d|H;)
So, pUtHl = U > 0, Hy = H < 0 to find.:
Prior P./P (2 TeV) P,/P_(4TeV)

flat 15.6 5.9
log 61.6 24.0

Feroz, BCA, Hobson, AbdusSalam, Trotta, Weber, JHEP 108200
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m e Dark Matter Detect
%g% al atter petection
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|ce Cube

Neutralinos can become trapped in the 8- Z
couplingo,o, sp o [|N14|* — | N1, |*]? dominates.
AY =ov/V:

N = C°— A°N?

1 1

| — §A®N2 — 5 C® tanh2 (\/C®A® t@)
dNVM C@FEq (dNy)Inj
diE) ArDi \dE,

dN,, day
-~ & (1—y)E,)) A dE, d
//dEyudy (1 —y) E)) A dE,,, dy

=
p>
{
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Naturalnesspriors
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BB Potential Problem
ﬁﬁgt

Often, people use ‘@t Q(x). The trouble with this
sampling is the following situation:

@ Science & Technology
Facilities Council

Eitherlargeor smallproposal widthgr lead to low
efficiencies of sampling. Our proposal is to determine

tcumiec a)(x) closer toP(x) semi-automatically

LZ

1.]] L‘[
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Bank Samplin
%g% PlNng

@ Science & Technology
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Figure 1. Bank points determined from previous runs:

ST want to have at least one point in each maximum.

e, Hﬂ
wplambridge gy

LZ
1.]] -E‘[

Determining SUSY Lagrangian Parameters B.C. Allanach- p. 57



f-‘ilf%
Lﬁgi}?

N
Qo (3:x0) = (1=K (x5 x )42 S w0, K (x; y )
=1

Proposal Distribution

w; are a set ofV weights: > w; = 1,0 < X < 1,
smecneroon \WhHile KIS the proposal distribution.
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‘WS Collider Check

Need corroboration withdirect detection

a

Thus, If it doesn't fit, you change the cosmology until
) smeeremen | (JOES.

'l;"llll- SY I I i ¥

.
=

:gi ambrig ige =y
t,,

hing g7
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ﬁlﬁ CM SSM Regions

L L
ﬁg}? After WMAP+LEP2, diminished. Need
specific mechanism to reduce overabundance:

~

° T 1 smallmg, mz ~ m,e.

Boltzmann factoexp(—AM /T) controls ratio
of speciesri x| — v, 7171 — TT.
i o .; Yix) — A — bb /7T at large
tan 3. Also vief h at largem, small M, /5.
o nHiggsino LSP at largen,:
X?X? — WW/ZZ/Zh/tlT.
0 ) high —Ag, m;, = m,o.
tix) — gt, tt — tt
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Comparison
L@;Ex}? P

| TR 1

l].-'L {1}
— IR

LIEH

s =
= 2
S o
& L
= g
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- LHS: allowing non thermak! contribution

» RHS: onlyy! dark matter

i
HF{HRNtthF

L
__q\

.Ilf '\“' .
Mcie ot
g B
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%W‘? Annihilation M echanism

Define stau co-annihilation when:- is within 10% of
m,o and Higgs pole whem;, 4 is within 10% of

meﬁ’
mechanism | flat prior natural prior
| h’—pole 0.025 0.07
@E’;éﬁﬂfégﬁﬁ&?”“g" AO— p OI e O 41 O 1 4
7—co-annihilation] 0.26 0.18
rest ORCH 0.61

X1 Ba T 7-\\ T
D s
Xl b7 T X(l)/ i
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! Comparison

L@;Ex}?

CMSSM, u >0, tan3 = 10
AXZ, 90% CL

Ax%, 68% CL
best fit
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02 04 06 08 1
M, ,, (TeV)

* Fix tan 8 = 10 and all SM inputs
» Restrictmg, M;/, < 1 TeV.

0 fits!
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No Dark Matter Fits

@ Science & Technology
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0
0 20 40 60 80 100 120 140

Qpyh?

v? from the dark matter relic density.

A5 Y Ty
PP s
BB B
o p - ANDTIAge oy
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Ry T VS LL N SUSY Mieasure

ment
L it
ﬁgﬁ . (start date 2007) produces strongly

Interacting particles up to a few TeV. Precision
measurements of madgferencesossible if the
decay chains exist: possibly per mille for leptons,
several percent for jets.

o has several energy options: 500-1000 GeV,
) CLIC up to 3 TeV. Linear colliders produce less
strong particles but much easier to make
precision measurements of masses/couplings.

O: What energy for LC?
O: What do we get from LHE?

LHC/ILC Working Group Reporthep- ph/ 0410364
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o Convergence
gﬁg We run 9x 1 000 000 points. By comparing the 9
Independent chains with random starting points, we
can provide a statistical measure of convergence: an

upper bound- on the excepted variance decrease for
Infinite statistics.
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upper bound
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Predicting QA2
ngx}? J

Not much left that’s allowed but edge measurements
allow reasonabl€h? errof® for 300 fb .

X’/ ndf 59.34 | 54
Constant 38.39 I
0.1046 I

0.1966E-01

N
o
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O: What about other bits of parameter space?

M Nojiri, G Polesello, D Tovey, JHEP 0603 (2006) 063,
h/ 0512204
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m-ex Bulk Region

&EWS M Nojiri, G Polesello, D Tovey, JHEP 0603 (2006)

063,hep- ph/ 0512204. for 300 fb~!. SPA point
mo = 70 GeV,my , = 250 GeV, Ay = —300 GeV,

tan 8 = 10, > 0: Qh? = 0.108. Put inm;™*, mje*,

ol ke
A2A R A

low high man max (0 max
mlq , mlq , mllq y 11, — mxcl)’ my (X4)’ Mz Mp.

Xixy — 070 | 40%
XXy — 777 | 28%
XiX) — v 3%
X171 — 2T 4%
)2(1)7:1 — AT 18%
TITL — TT 2%
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%E% Neutralino mass matrix

Neutralino masses measured:, , but need mixing
matrix to determine couplings. Left witlan (.

M, 0 —MzC3Sw  MzSaSWw
0 Mo MzCaCy  —TMzSaCw
@Ecieln;e%Tech?ology
—MzC3Sw  MzCaCWw 0 —
| MzSgSw  —MzSaCw — [ 0 |

Q=Y Mipy,

~k
: -]

:-gi."m]ﬂ'-m.ij_'_-v <P
i i
L

Hhing gt
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%‘ﬁ Neutralino mass matrix

Neutralino masses measured:, , but need mixing
matrix to determine couplings. Left witlan 5.
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L/Lmax
O 10 20 30 40 50 60
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Uncertaintiesin Relic Density
ngx}?

Bulk region: BB — Z, h — 1. Coannihilation7y9 — 7 + X
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tang=10
Mo=150GeV

600 800 1000 60 80 100
M, Z(Ge\/> AMNLSP—LSP<GG\/>

o Figure 2:  Bulk/coannihilation region. Full:

W Sof t Susy, dotted:SPheno.
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