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WMAP Dark Matter

Favored region
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Co-Annihilation in the Early Universe

. Igrz.?j;e“jftﬁ :;ﬁﬂ"?n assgsy Particle Physics solution
'(Dsimilar' to that of the LSP) it to a Cosmology problem?
can have a large abundance in 5{0
the early universe 1

T
* The presence of large amounts
of this second particle would T
allow large amounts of the

LSP to annihilate away and
reduce the Dark Matter relic o
density to the value observed >

“'
*
'

today 1 Y
- Co-annihilation effect -
(Griest, Seckel:92) The /,.ghfesf 7T /S a

- Common in many models

good candidate

SUsY 2007 Dark Matter in SUGRA Models and the LHC 3
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Outline of the Talk

o Co-annihilation Signals at the LHC
A Smoking Gun: Small AM = M. - M.,

o Experimental Observables and Discovery

o Measurements
Masses: AM, M

Gluino ¢ M;;g ’ M;IO
mSUGRA Parameters: M, and M, ,,
e Do we live in a mSUGRA world
with Universal Couplings?

o Cosmologic al Measurement: 2. h?

e Conclusions

SUsY 2007 Dark Matter in SUGRA Models and the LHC 4
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What do we want to know?

Measure the SUSY masses/parameters
4 Independent Variables

M, = 210 éeV  y_ - 830 Gev
2
> = 260 GeV £?~0h

2 el
V™ AM=10.6 GeV

ERA Want t
ant to
\$sa// y Constraints: ~ o oasure these
Doesn't affect the 32'/14~ two values and

= 140.

phenomenology much ’ «—— test these two
after Tan%>15 M, ~ 0.17M, relations
SUSY 2007 Dark Matter in SUGRA Models and the LHC 5
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Trigger on Theefsand missi E. T rT+Jet(s)+Met

SUsY 2007 Dark Matter in SUGRA Models and the LHC
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Create a Sample of 7. Events

- Require at least two t's to get our };

- Large Missing Transverse enerqy to get the ¥’
- At least one very energetic jet to indicate the
presence of a squark or gluino at the top of the chain

The dominant background is typically ttbar, so we
require an extra object and large kinematics to
reject it

1. Require a third © from one of the other gauginos
(common) > 3t+Jet+Met

2. Require a second large jet from the other
squark/gluino and large JHT > 2t+2Jets+Met
More details in
R. Arnowitt et al. Phys.Lett.B639:46,2006 and
Phys. Lett.B649:72, 2007
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Discovery Luminosity
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A small AM can be detected in first few years of LHC
~100 Events
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Number of Counts / 2 GeV

Lots of handles in the cascade decays to
provide good Observables

= T |rI||

10°

10?

LI IIIIII| :_”I_”I__I”I_ll_l_ll__

10

R I I I I B IR I
%—)*cjzg_'
(from fi'gg decays) 3

— AM = 5GeV -

""AM =M

T, " AM =20 GeV -

=~ ~0
T — 7
Slope of P; distribution

of “"soft t” contains
AM Information

T T ]

50

40

o
_F
o_

60 70 80 920
isible P,(7) (GeV)
Low energ Independent

are an enor variable:

challenge for the Get more events

8 III|
o

T T I

detectors for Iar'gé AM

SUsY 2007 Dark Matter in SUGRA Models and the

AM (GeV)

Slope of P; distribution

is largely unaffected
by Gluino Mass
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More Observables

7, — t1Y, gives a peak in M.,

Clean peak

Even for low
AM

Larger ¥, Mass — Larger M.,

30; 802— _f
= AM = 10.6 GeV S _f AM = 10.6 GeV g
% 70— — % 701 e =
o r M., = 140.7 GeV ° r M, = 140.7 GeV
E 50? x' L ol 60—_ X1 =
E . x ]
3< 50— N'lg = 831.0 GeV —] - 50— M. = 831.0 GeV —
‘o - ] a - g ]
2 “of M, =7480GeV 2 o M, =748.0GeV
~ E || e = ; 0[] | e —
ST 2ol TS G
g 20; 2 . — g 20:_ anm _:
Q - . (&] - .
10— — 10f E
- : 1 1 L L 1 1 1 1 I 1 L 1 :

% s 100 150 200 280 % 50 100 150 200 250

M.. (GeV) M,. (GeV)
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Another Mass Peak

g - qi; > gy, gives a peak in M,
q

T

F [
80— —
< - AM = 10.6 GeV .
o 70(— —]
c t M., = 140.7 GeV
Q - x1
wn 60 T
x b M., = 260.3 GeV
. 50 Xy —]
2
S a0
o o
3 200
o r
10F
C .
Op 200 400 600 800 1000

M. (GeV)

Peak value depends
on squark mass

Dark Matter in SUGRA Models and the LHC 11
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4 Variables and 4 Unknowns

1. Number of events

2. Slope of the P; distribution of the softest 1
3. The peak of the M_, distribution

4. The peak of the M, distribution

A X
Make Simultaneous Measurements

M, = 830 GeV & Equivalent > M = 210 Gev
M, = 260 eV Measurements M., = 350 éeV
AM =M - M, = 10.6 GeV M, ~ 0.32M,

_ Measure Parameters -
Mk“f = 140.6 GeV and Test Universality M,\’f," 0. ]7M§'

SUsY 2007 Dark Matter in SUGRA Models and the LHC
July 28th 2007 Dave Toback et. al., Texas A&M University
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Measure AM and the Gluino Mass

* The slope of the P

distribution of the t's ™}
only depends on the AM —=

B L B B L L B
— (Results for Mg = 830, AM = 10.6) j

* The event rate dependss =
on both the Gluino masss ...

and AM

+ Can make a
simultaneous
measurement

0

780

M (GeV)

Results for ~300 events

(10 fb-! depending on the Analysis)

&g Assuming the Universality

Constraints Improves
the Measurement

sUsy 2007 Dark Matter in SUGRA Models and the LHC el

July 28th 2007 Dave Toback et. al., Texas

A&M University



Infer my and m,,,

360 ° —
oF | & ~3 GeV or 6~2% él :
asgf- | Results for g
- M. = 830 eV 4\
3B/4— 6
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O 350 O
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Do we live in a world with Universal Couplings?

Use all 4 observables to make simultaneous measurements of
Mo, M, AM and M, and compare to the mSUGRA Mass Relations

3_5 T 1

3.4

3.3

qt\l

~ 3.2

3.1

I"'I'é"'l""""'j
M, ~ 0.32M,

€ ~10%] > %
~ M., ~0.17M.
X1 g
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K)
4
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Cosmology Measurements

We can measure 2.,h" either way
71

No Universality Assumptions With Universality Assumptions
4 Observables and 4 Unknowns 4 Observables and 2 Unknowns

013 .

012

0.1

Qh?

0.1}
0.09F
0.08

0.07—

0.05_,"'r|

20% 10% Small AM measurement

., . ~oo ~—2Confidence we are in
Compare to WMAP which is 5% the co-annihilation region

SUsY 2007 Dark Matter in SUGRA Models anc & | SP is the Dark Matter
July 28th 2007 Dave Toback et. al., Texas A&GM Ciuver oy



Conclusions

+ If the co-annihilation region is realized
in nature it provides a natural Smoking

Gun

+ The LHC should be able to uncover the
striking small-AM signature with
~10 fb-! of data in multi-t final states
and make high quality measurements wi
the first few years of running

* The future is bright for Particle Physics
and Cosmolo1g_y as these precision
measurements should allow us to measure
AM without Universality assumptions,
test Universality and make comparisons
to the precision WMAP data

SUsY 2007 Dark Matter in SUGRA Models and the LHC
July 28th 2007 Dave Toback et. al., Texas A&M University
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1 | Title

2 | Intro with Physics Goals

3 | Outline and Overview of Analysis Methods

4 | Co-annihilatino and constraints

5 | What are we trying to measure: 4 values in mSugra, Omegah?2
6 | Feynman diagrams and final state

7 | Sample of Chi2, not any tau will do

8 | Discovery Lum 1

9 P+ and Nevents, DeltaM and Mgluino variation

10 | Chi2 mass and mtautau variation

11 | Squark Mass and m(jtt) variation

12 | 4 observables and translation, new version of previous slide...
13 | DeltaM vs Mgluino assuming Universalithy

14 | MO and M1/2

15 | Test Universality: chi2 and chil

16 | Omega H2 in both

17 | Conclusions

SUsY 2007 Dark Matter in SUGRA Models and the LHC 13
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Cosmology Measurements

With the same assumptions we can use
AM, M, to measure .Q},Zohz to 7%

(Compare to WMAP which is 57%)

18Q_h?/Q_ohP| = 5%
% X,
VR P T T T ] | — 3PP/ HP| = 10%

- ~, % A

- \

0.08- '~ A,=0, tanB = 40

- ~,

— == .
0.06¢ | sign() =1
0.04— T~ =

- \ —
0.02= N\ ~]

EIE of 7 _
o< 7F o\0 -
-0.02P~ /\ <]

S R .
-0.04[— '~ .

- ~. b ]
-0.06— N \ =
-0.08 '~ E

-0 1|_ | T R R SR BT TR | | \| T R | n
' -0.06 -0.04 -0.02 52 0.02 0.04 0.06
g
- 21
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Some caveats

sSUsYy 2007 Dark Matter in SUGRA Models and the LHC 23
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Introduction and Physics Goals

*What problems are we
trying to solve?

- Dark Matter

- Hierarchy problem in
the Standard Model

- Other Particle Physics
problems...

*Is there a single solution Particle Physics
to both of these solution to this

problems?
.. : roblem?
- Minimal solution? P

sSUsYy 2007 Dark Matter in SUGRA Models and the LHC 24
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Aside...

We note that while the analysis
here was done with mSUGRA, a
similar analysis is possible for
any SUGRA models (most of
which possess a co-annihilation
region) provided the production
of neutralinos is not suppressed

SUsY 2007 Dark Matter in SUGRA Models and the LHC 25
July 28th 2007 Dave Toback et. al., Texas A&M University



The Players and their Roles

Cosmologists/ Particle Particle
Astronomers Theorists Experimentalists
SUsY 2007 Dark Matter in SUGRA Models and the LHC v

July 28th 2007 Dave Toback et. al., Texas A&M University



Structure of the Analysis

1. Use the current
constraints/understanding to
motivate the co-annihilation
region of Supersymmetry in
mSUGRA

2. Assume this is a correct
description of nature and
see how well we could
measure things at LHC

3. Convert these results into
useful numbers for both
particle physics and
cosmology

sSUsYy 2007 Dark Matter in SUGRA Models and the LHC 27
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Hypothetical Timeline

* Pre-2005: Strong constraints on
Dark Matter density, the Standard
Model and Supersymmetry

+ 2005: Phenomenologists use these
results to constrain a SUSY model
-> Tell the experimentalists at LHC
where to look

- 2008-10: Establish that we live in
a Supersymmetric world at the LHC

»+2011: Precision measurements of
the particle masses and SUSY
parameters - compare Dark Matter
relic densitz predictions to those

from WMA

f -
i

.-w\r

F"‘I__ o

T
.'*
'

i
.

sSUsYy 2007 Dark Matter in SUGRA Models and the LHC 28
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Astronomy anc :
Cosmology tell us
about Dark Matter

Predicts Supersymmetry
~>Dark Matter Candidate

Learn more about Convert the masses into
the universe with SUSY model parameters

two separate and QA%
measurements of

Do we live in a world with
QK Universal Couplings?
SUSY 2007

Dark Matter in SUGRA Models and the LHC
July 28th 2007 Dave Toback et. al., Texas A&M University

Th Players and Their Roles

AL/LHC do direct
searches for SUSY
particles

Discover SUSY
and measure the
masses of the
superparticles

29



MSUGRA in 1 Slide

4 parameters + 1 sign

My, Gaugino mass at Mgt
mg Scalar soft breaking mass at Mg ¢
Ay Cubic soft breaking mass at Mgt

tang <H,>/<H,> at the electroweak scale
sign(x) Sign of Higgs mixing parameter (W@ = g H; H,)

Translation for Experimentalists and Cosmologists:
Each combination of these parameters uniguely

determines the masses of all the superparticles
and the Relic Density ( .(2;?0112 )

SUsY 2007 Dark Matter in SUGRA Models and the LHC
July 28th 2007 Dave Toback et. al., Texas A&M University
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Outline

* Supersymmetry and the Co-annihilation region
- The important experimental constraints

- A Smoking 6un: Small AM = M ,-M,

» Identifying events at the LHC +————
- Discovery and Experimental Observables

* Measurements of

- Particle masses: AM, Mg, & M,

- Supersymmetry parameters: M, and M, ,,

- Cosmological implications: Q, ;ph?

» Conclusions

sSUsYy 2007 Dark Matter in SUGRA Models and the LHC 31
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Structure of the Analysis

1. Use the current
constraints/understanding to
motivate the co-annihilation
region of Supersymmetry in
mSUGRA

2. Assume this is a correct
description of nature and
see how well we could
measure things at LHC

3. Convert these results into
useful numbers both particle
physics and cosmology

sSUsYy 2007 Dark Matter in SUGRA Models and the LHC 32
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“Vanilla” mSUGRA and Cosmology Gz 04

MmMSUGRA parameters
uniquely determine the

- LSP mass

- Interaction Cross 1 f
Sections hHAZ

- Sparticle abundances  f

in the early universe :
2N

- Relic Density today h f

Use WMAP Relic 1
Densit hmeasuremqn’rs Typically the following
to further constrain annihilation diagrams
SUSY parameter space are important...
sSuUsy 2007 Dark Matter in SUGRA Models and the LHC 33
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Problem

* Most of mSUGRA space
predicts too much Dark

Matter today

+ Need another mechanism
to reduce the predicted
LSP relic density to be
consistent with the

amount of Dark Matter
observed by WMAP

sSUsYy 2007 Dark Matter in SUGRA Models and the LHC 34
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Experimental Constraints

Particle Physicists:

* Non-observation of the Higgs and the
Gauginos and their mass limits

* Measurement of branching ratio of the
b-quark->sy

Astronomers and Cosmologists:

* WMAP measurement of the Relic Density
oM > 114 GeV

Higgs

M, >104 GeV

©«2.2x10% < Br (b - sy) < 4.5x10*
ea, x 1079 =27 + 10 (g - 2)
©0.094 < Q,h* < 0.129 (WMAP)

SUsY 2007 Dark Matter in SUGRA Models and the LHC
July 28th 2007 Dave Toback et. al., Texas A&M University



-0.04— |
-0.04 1 T T B .
R j - AM=106GeV |
g SR o M,=1407 GeV _|
-0.06 M, = 260.3 GeV et = *i .
: Lo E M, =260.3 GeV |
M. = 831.0 GeV &
= 2 ] N O A
-0.08 — g
o " R el
: | @ oaf |
(1] - A
— o L -
ﬂ:— -01 i B B
-0.12
-0.12 5 — - R
1 014 —
'0'14’.> R L ety i i e i
|6 . 5 . 1|u —— 1|2 W— 1|4 —— 115 . 750 800 850 900 950
GeV
AM (GeV) §(GeV)
0.04——— e
.0_(]4_..[ T """""""'I"']""l""l""_ - AM = 10.6 GeV
i AM=106GeV | -0.06/ M, =140.7 GeV
006 M.=2603GeV - M, =831.0GeV -
5 M, = 831.0 GeV ] -0.08)— ]
-0.08/— — §L
3 . 7 04f |
o - d —
n - o
o .0_1_ - i i
i fi -0.12— —
-0.12— = L §
- i 014 —
044 il " =l - PR T /ST SRR (N0 OO ) (S T O
L 4 200 220 240 260 280 300 320
P | v b goger brpogowoy fopgonplopengop Flygogey Ligogggilogopes g By pog i’u(GeV)
100 110 120 130 _140 150 160 170 180 2
1, (GeV)
IS AT E=\IJS I [SACIANNAALSY A -]} 'n SUGRA MOdels and *he LHC

July 28t 2007

Dave Toback et. al., Texas A&M University

36



||1¥

500 M, = 140.7 GeV

so|  M:=2603GeV
- M, =831.0GeV

400

300

200

100
= 1 I | PR N L 1
3 8 0 12 14 16
AM (GeV)
= L B L | =
600 — AM =10.6 GeV
M, = 260.3 GeV ]
500 ki
- M, = 831.0GeV |
400}~ —
300} .
200( |
100~ -
ul S T S Sl A RSN A SRS S | =

7, (GeV)

OIS AT E=\IIT

July 28t 2007

00§10 120 130 140 150 160 170 180
[ LS TN 4N "u.\l'rer in SUGRJ
Dave Toback et. al., Texas A&M University

= T 7
6001 AM=10.6 GeV =
- M., = 140.7 GeV E
500 = ' —
M., = 260.3 GeV ]
2 400
e
5 [
S3o0-
2001 =
100 o
= P [ W TS ST (R W [ T Y T PR ' ii=y
750 800 850 900 950
§ (GeV)
F T ™ A
600 AM = 10.6 GeV ]
I Mi° = 140.7 GeV .
500 : —
M, = 831.0 GeV

W f i

i E=

)

i T——— _
2001 J
100 —

= il I PR ST W SN VAT SN WO (AN TN W T Y H
200 220 240 260 280 300 320
xz (GeV)

37



70: T T T T
70F ——— T3 o 3 AM=106GeV
65} M.=140.7GeV e M= 1407 GeV 3
60— M., = 2603 GeV = B M, =260.3 GeV
550 M =831.0GeV s o £
- - o -
< 501 — e 45 = =
] - | = b o
g45T g - =
= s0f = e E
351 = e E
30/ = 25 ]
- = 203 L [T V| [ UL PR S LA =
251 — 750 800 850 900 950
S ! | ! e §(GeV)
20 :
6 8 10 12 14 16
AM (GeV)
——T e
B AT A RS R SR AR ERECE MATED REas: 650  AM=10.6GeV =
AM=106GeV - 60F M. =140.7 GeV 2
: M, = 260.3 GeV 550 M. =831.0GeV E
55 M, = 831.0 GeV < 50— -
: - [] - -
g e E < a5t !
€ asf = —
= - E 35 =
350 30} _
i - S 2517 5
25— — Boce i PR (ST ST v P VR [ S VR SR i
E ] 2y 220 240 260 280 300 320
1| I NPT WIS S WS WU W W R o 7 (GeV)
100 110 120 130 _140 150 160 170 180 2

%, (Gev)

in SUGRA Models and the LHC 38
July 28th 2007 Dave Toback et. al., Texas A&M University



390 T | T S P R P e E S P
380 Mie =140.7 GeV —;
370 sz=250.3 GeV _
. M, = 831.0 GeV _
| L | L | L L L | L i | i | :
6 8 10 12 14 16
AM (GeV)
390p T ; : e
3801 AM = 10.6 GeV

o)
T

I TR

M, = 260.3 GeV

%
Mﬁ =831.0 GeV

] R A

ol
100 110 120

[
OIS AT E=\IIT

July 28t 2007

5| TE RS i
130 140 150 160 170 180

7, (GeV)

390
380
370
360
< 350
€ 340
=330
320
310
300
290

AM = 10.6 GeV
M:Ef =140.7 GeV

M.x: = 260.3 GeV

AN RAAAN RARRYLARAY LLARY RRRRN RARL

750

i L L L i i i i | i
800 850 900

§ (GeV)

"‘gu i
o

AM = 10.6 GeV
“ie = 140.7 GeV

M, = 831.0 GeV

11111

T S |

-||||I'.

kbl

PR T T THR (N TR M
29950 220 240 260 280

L | s
i 300
X, (GeV)

[SAS IR ANNAALS S I A =1 | lll SUGRA MOdels and the LHC
Dave Toback et. al., Texas A&M University

(2]
(&
o

39



80

70

60

50

40

30

20

Counts / (10 fb"' X 10 GeV)

10

l\\l!ll\l\!ll}l\H[llll‘\l!\l\l”}l\l\‘”l

AM = 10.6 GeV
Mz =140.7 GeV

Mg = 831.0 GeV

M, = 748.0 GeV

Min =260.3 GeV

SUSY 2007
July 28t 2007

100 150 200

M., (GeV)

Dark Matter in SUGRA Models and the LHC
Dave Toback et. al., Texas A&M University

Counts/ (10 b’ X 10 GeV)

F T \ T E
i -
na AM=106Gev 3
E M., = 140.7 GeV 3
60— x, —
5ol M,=831.0GeV
40— M, = 748.0 GeV
30 — -
8 M, =321.5GeV |
20 : —
= 1 1 1 — 7 E
0o 50 100 150 200 25
M., (GeV)

40



Discovery Luminosity

Depends on the number of observable
asses

M, = 850 GeV AM = 9 GeV
10t
 Above ~5 GeV I
[ get more 2.5 Fewer events as

the production

8: events as more
. events pass \ Cross Section

: . o
ol kinematic cuts h = dr'ops
[/}}
I s | /
I = |
4 — 1.5 —
2 20% Erroron 1 20% Error on E
i Fake Rate | - Fake Rate
0_ ||||||||||||||||||||||||- Cl oo v b v b v by 17
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AM (GeV) Gluino Mass (GeV)
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Some Technical Details

Use event kinematics to separate
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Outline

* Supersymmetry and the Co-annihilation region
- The important experimental constraints

- A Smoking 6un: Small AM = M ,-M,

» Identifying events at the LHC

- Discovery and Experimental Observables

* Measurements of —rmmmmm—mpm n—pn
- Particle masses: AM, Mg, & M,

- Supersymmetry parameters: M, and M, ,,

- Cosmological implications: Q, ;ph?

» Conclusions
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SUSY, mSUGRA and Cosmology

- Many models of |
Supeyr's mmetry provide a Cold !-B-EFHA
Dark Matter candidate

* Work in an Minimal
Supergravity (mSUGRA)
framework

- Build models from M., to  Lighest SUSY Farticle
Electroweak scale 0
* Models consistent with all Lightest Neutralino
known experiments )
* Universal Couplings 70
o 1
- Straight-forward {0500, 0
predictions
Cold Dark Matter
SUSY 2007 Dark Matter in SUGRA Models and the LHC 49
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Small T Mass

In mSUGRA models the mass of the
lightest T can be close to the 7’ mass

because of the Renormalization Group
Eqguations (RGEs) for small m,

For small mass difference we can
get the righ

sSUsYy 2007 Dark Matter in SUGRA Models and the LHC 50
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Outline

* Supersymmetry and the Co-annihilation region
- The important experimental constraints
- A Smoking 6un: Small AM = M ,-M,

» Identifying events at the LHC

- Discovery and Experimental Observables
* Measurements of

- Particle masses: AM, Mg, & M,

- Supersymmetry parameters: M, and M, ,,

. . . . N
- Cosmological implications: Q, ;A°
- Conclusions
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Particle Physics Constrained Region

HiggsMass (M,)

‘ Branching Ratiob — sy
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AR
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What if the Co-Annihilation Region is

nonalived in Natiina?D
I8 | | o

1.Can such a small mass
difference be measured at the

LHC?

The observation of such a
striking small AM would be
a smoking gun!

- Strong indication that the
neutralino 1s the Dark
Matter

2.If we can observe sqch a
signal, can we make important
measurements?

SUsY 2007 Dark Matter in SUGRA Models and the LHC
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Aside on our Assumptions...

The WMAP constraints limits the
parameter space to 3 regions that
should all be studied:

1. Thq stau-neutralino co-annihilation

olC
ﬂ ° °
region is lef

Concentrate on this reqion for the
rest of this talk...
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Outline of the Talk

* Co-annihilation Signals at the LHC
- A Smoking 6un: Small AM = M, ,-Me
» Experimental Observables and Discovelias
* Measurements
- Particle masses: AM, Mg 0. Mo M|
- Supersymmetry parameters: M, g¢hd

Mo Mo ghd
- Do we live in a mSUGFTI:’ePtli;"l'lrlP Phveirc

< @ MoK ightest T is a
- Cosmological implicatic
» Conclusions

good candidate
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- Combine next two

- Sample of Chi2, not just any
tau will do

sSUsYy 2007 Dark Matter in SUGRA Models and the LHC 59
July 28th 2007 Dave Toback et. al., Texas A&M University



Not just any 1 will do!

Our 7's are special!
1. X, decays produce a pair of opposite
sigh T's
* Many SM and SUSY backgrounds,

jets faking 1’s will have equal
number like-sign as opposite sign

2. Each y, produces one high energy t and J
one Jow energy t

3. The invariant mass of the t-pair
reflects the mass of the SUSY
particles and their mass differences

2 2
M < M 1 M
~0 -
SUsY 2007 Dark Matter in SUGRA Mo X2 M,.,Zo M~2
July 28th 2007 Dave Toback et. a/., Texas



Measure AM and the Gluino Mass

* The slope of the P+ S ——
dis.rr,ibu.l.ion Of .rhe T.S 9002— (Results for M, = 830, AM = 10‘:‘69—:
only depends on the S T

AM

- The event rate
depends on both the
Gluino mass and AM —

+ Can make a -
simultaneous o
measurement 8 9 ey 2"

0] :

g mass (GeV)
2
=
I

Results for ~300 events
(10 fb-! depending on the Analysis)

An important
measurement

without Universality

assumptions!

ind the LHC 61
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Add in the Peak of M_.

2 2
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s °r peak rises yd -
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Add in the Peak of M. _.
—
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gmass (GeV)

What if we Assume the Universality

Ra ! n-l-i anc?
Use Events, M_ and Slope to measure
AM, M. and M., simultaneously

(Results for M. = 830 GeV, AM = 10.6 Ge V)

| 900 — —]

e00f Results for ~300 events B - _
gso| (10 fb-! depending on the = = B
Analysis) S ALY Y 880 -
860l _: % E B LR L LT P > |
g0l B S 840:— | ~15 Gev
. § 20l or ~2%
820 = S PP > o ]
00} ‘ [ETIREEEE, S P ) =
et R g ~0.5 GeV or ~6%
760?\ P R S (N S NN W SR AN T S SR SR AN S SR S N S S SR Ii TBDT' S S S S T S It
8 9 10 1 12 13 8 9 10 11 12 13
AM (GeV) AM (GeV)
Analysis only assumes Analysis assumes
M;o ~ 01 7,1,15 M,\”é’ ~ 0.32M,
1
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and M., ~ 0. 17 M.
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Measuring the SUSY Masses ;

For our sample of events we can make four
measurements

1. Number of events

2. Slope of the P; distribution of the softest t

3. The peak of the M_ distribution

4. The peak of the M distribution

Since we are using 4 variables, we can measure 4
things

Since A, tanf and sign(u) don't change the

phenomenology much (for large tanB) we choose to
use our three variables to determine AM, M,,,, and

the %, and ¢; Masses

Model par'ame‘l'er's Univer§i1‘y Test
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What are we trying to measure? &5~
S PP EERT . S PR  SE PR S PR S PP EERT U

Our mSUGRA model (described by m, and m,,,)
can be written, equivalently, by

M&‘ and AM = M M,,a{_
*7 Measure thesel!

The Universality relations
" determine” the other

mass values
M. ~ 0. 3’2/14~ and M,,o ~ 0. 17/1'1~

X2

Check these!
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