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e.g.. | ompact "'uon “olenoid

The Detector and Detectives o P Tracker Pattern Recognition

. . ¢ - o Finely segmented silicon sensors " g i <
CMSis alarge technologically advanced detector INIOA" s i ek enatie charged el R e
corr)prlsmg many layers, 'ea‘:h of which is particles to be tracked and their mo- type of particle travelling through CMS leaves behind a character-
designed to parform a specific task. Together istic pattern, or ‘signature’, in the different layers, allowing them 1o
these layers allow CMS to identify and be identified. The presence (or not) of any new particles can then be
precisely the gies/momenta inferred.

menta measured, They also reveal
secondary vertices (from the decays
of unstable particles),

of all particles produced in collisions at
CERN's Large Hadron Collider (LHC).

) Electromagnetic Calorimeter ,
.

Around 80000 erystals of lead tung-

Ionmtun o insss e
state (PbWO,) are used to measure e, y . st S
the energy of incident electrons and L L L T I 1 i
phaotons, & Ko
— BN Chuged Hedoning Pl [——— thow
o
#
Hadron Calorimetersssssssassssscns
Layers of depse material (brass or
steel) interleaved with scintillators
{plastic or quartz) allow the estima-
tion of the energy of hadrons, that is,
partides such as protons, neutrons .
and pions. o -‘
.iﬁ.‘_ r
L
Muon Detectors soe***
Three varieties of detector are em- o
ployed by CMS to identify muons
(essentially heavy electrons) and "
measure their momenta: drift tubes, . = ] o]
cathade strip chambers and resistive 3 . . < 3
plate chambers . 1 S " % v]
iv
" Superconducting Solenoid 3 b
Passing 20000 A along a 13 m long, )
6m* diameter coil of niobium-tita- 4
¥ nium  superéonductor, oled 10 ]
-270°C, produces a magnetic field 7
of 4 teslas. This field bends the tra- 4
jectaries of charged particles, allow- i

ing their separation and momentum
measurement.

The CMS (21 m x 15 m x 15 m, 12,500 tonnes) is one of two super-fast & super-sensitive detectors,
consisting of 15 heavy elements, collecting debris from the collision and converting a visual
image for us. “Particle” Telescope at CERN vs. Hubble Space Telescope in outer space
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Supersymmetry (77 )

is Supersymmetrized Standard Model (“democratic”
solution between Fermions and Bosons) where Mg ., is at
TeV scale for three aspects.

A N\ Particslls —Patnsr supsrsimmeirico
giUL
» An elegant solution to solve the problem fji%I
associated with the Higgs mass el

o =

The Generations of Matter

» Beautifully connecting the Standard Model <=,
with an ultimate unification of the fundamental -
Interactions er

With Supersymmetry

» Cosmologically consistent with the lightest ¢ .. ... ..
neutralino (¥,) as dark matter candidate

Energy Scale, it [GeV]

The LHC and the Tevatron are the machines
to probe the TeV scale.

Teruki Kamon PPC at the LHC 6



?

Cosmological Connection: (2

v

2’

SUSY s an interesting class
—0 of models to provide a weakly
Z1 z interacting massive NéL
Neutral-ino s-leption s-quark SUSY particle (M ~ 100 GeV).
/

Teruki Kamon PPC at the LHC


http://www.statue.com/itemdesc.asp?CartId=&ic=FAP3869&cc=RODIN&tpc=�

Problng 1077 sec. after Blg Bang

Now "W
= 4;

‘ PPC cube
~380,000 years CMB IINEE)

Galaxy Formation

~0,0000001 seconds  ImmE)

7 annihilation

combination

Quantum Gravity [

Teruki Kamon PPC at the LHC 8



——————————————————————————

- - — | Co-annihilation (CA) Process

1
SUSsY Masses (at 1he LHC)

h=H /[100 km-s~Mpc™]
Teruki Kamon PPC at the LHC




“Probe” Metrice at Colliders

SHE IS SUPERSYMMETRIC!

Tevatron

. . )
Precision
Teruki Kamon PPC at the LHC 10



“Probe>” Metrie at the LHC

d_': - _3Hn—<av>(n2 - njq)+ S(¢)

d (extra time-dependence

Non=-Minimal
Models

Teruki Kamon PPC at the LHC
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1000

Elegant(?) SUSY World

> versality
800 | i faj, ;E Very simplified diagram
by o m
700 q P4
600 L ‘ﬁ }u
17 (N L o . = S
500 | a8 X2 m,
~0 /
400 ZE
' . . o “LSP = Cold Dark )
300 | i r 2 T A1 - ~—_ Matter candidate
G - | }
200 L 7 EHI IUg(Q} f”(_il_"l'
o : This model framework describes all
[ Hi Neutralino Gluine & SUSY masses with four parameters plus
0 Higgs Slepton & Chargino Squark " f P n piu

Ter u k| Kam O“Watever happened to elegant solutions?”

one sign.

My, = common mass for “spin %2 particles at Mgy

My

= common mass for ““spin 0” particles at Mgt

and (tang, A, , sign of z). So the dark matter
content can be expressed as:

Q2. h? = 2 (SUSY masses) = .2 (m,,m,, ,tanB, A,)

PPC at the LHC

12



1000

SUSY World with Universality

“Universality” allows
us to simplify the
SUSY world in a 2D
plane (M, —m, ).

Mass

LSP = Cold Dark |

i ———_Matter candidate ;

=
|

=| Mad ~1 =0
(=]

,\
N

log(Q) My

Gev) :
1) Myigs >114 GeV

2)  Mghargino > 104 GeV

3) 2.2x10~4<Br(b—s y) <4.5x10*
4) (9-2),: 3 o deviation from SM
5) 0.106<H(2ﬁ,h2 <0121

Teruki Kamon

PPC at the LHC

Mass of Squarks and Sleptons

?

Mass of Gauginos
my,

13



Allowed Region

Higgs Mass (M,

‘ Branching Ratio b — sy

e

Mass of Squarks and Sleptons

2N

N

Mass of Gauginos - COM allowed region?
My

Teruki Kamon PPC at the LHC 14




Cosmologically Allowed Region

Higgs Mass (M,

‘ Branching Ratio b — sy
L Magnetic Moment of Muon

EO - CDM allowed region
':.;\
\A 7
T*
N
‘\Tl ’ T

Co-annihilation (CA) Process (Griest, Seckel *91)

Mass of Squarks and Sleptons

What are the signals
from the narrow co-
annihilation corridor?

Mass of Gauginos *
My,

Teruki Kamon PPC at the LHC 15



“Cube™ Approach
Excluded by

Rare B decay b — sy
(b) No CDM candidate

Rouzbeh Allahverdi, Bhaskar Dutta, Yudi Santoso
(c) Muon magnetic moment

arXiv:0912.4329

mSUGRA/CMSSM, tan B=50, A,=0, >

CDMS 11 gi
; 3
i 510 %pb ===r---
. 10'8pb
m, =114.4 GeV i |
L 8A0TEe
: 9
Br(B, > pp)= 2x107° i 10 "pb
3x10°° i
4.7%10°°

5.10 " pb ====d4--

Teruki Kamon
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Experiment=Theory (ET) Collaboration Tl
Develop technique(s) - v

e o/
a) To measure SUSY masses in a minimal framework;
b) To determine model parameters;
c) To extract (amount of the dark matter) at
the LHC; = Oom
d) To expand to non-minimal scenarios:

and carry out at ATLAS and CMS!

QOur Focus: Missing E + Jets Final States

Why Missing E;?

Teruki Kamon PPC at the LHC 17



Missing ET(& Jets) at the LHC
Example: SUSY

£ 09, gq, or gg production will be dominant, followed
by their decays (e.g., § = qy,). = Jets

+ R parity conservation
» Stable lightest supersymmetric particle (LSP)

> If LSP is the lightest neutralino ( %, ),
e it will escape the detector = MET (E;)

e 7. = Cold Dark Matter candidate — Cosmology

» Thus, the evidence of SUSY-like new physics will appear
INn the Jets+MET final states.

+ Cosmology ® LHC -«
= [Exciting Motivation]®[Right Place& Timing] f=

MET - inferring NEW physics (e.g., Dark

Teruki Kamon PPC at the LHC N - 18



‘ PPC Projects at a Glance

*) Graduate student, ¥ REU student

[Case 1] “Coannihilation (CA)” Region
Arnowitt, Dutta, Gurrola,” Kamon, Krislock,”

Toback, PRL100 (2008) 231802

For earlier studies, see Arnowitt et al., PLB 649
(2007) 73; Arnowitt et al., PLB 639 (2006) 46

dn
—=-3Hn—(o-v)\n* —n;, )+ S
at < _ _(§>Zt(£q t m_e_o(igp_en 9(9%)0_6)

e.g., Quintessence
— Scalar field dark energy

[Case 3] “HB/Focus Point” Region

Arnowitt, Dutta, Flanagan,” Gurrola,” Kamon,
Kolev, Krislock® (in preparation)

[Case 2] “Over-dense Dark Matter™” Region
Dutta, Gurrola,”) Kamon, Krislock,” Lahanas,
Mavromatos, Nanopoulos

[Case 4] “Non-universality”
Arnowitt, Dutta, Kamon, Kolev, Krislock,” Oh

[Case 5] “LFV”

Allahverdi, Bornhauser, Dutta, Kamon,
Krislock,” Richardson-McDaniel™

Dutta, Kamon, Krislock,” Oh

[Case 6] “Bino-Higgsino” Mixing @

Teruki Kamon

PRD 79 (2009) 055002

o‘:),f\

‘—\—‘:_--.(’ ————— Ya""‘\,— ----- \\'.

'/’ ~\
3 I report Case 1 here A
»--  as an example. T, ./

-
\\~-_\—*~ _______ S /L ----- -

——————

PPC at the LHC 19




C? (Cosmologically Consistent Collider) Signals

This is one of the key reactions 4
that we want to discover at the

LHC.

SUSY Masses

Finding Smoking Gun(s) = Kinematical Templates

Teruki Kamon PPC at the LHC



Excess in Inclusive E, ™ + Jets

Excess in E;™ss + Jets + X

arXiv:0907.2713v1

Alan J. Barr and Claire Gwenlan

L. 0 L BRI RS LB R
§ QCD == SUSY signal (SPS1a)
; T 1Z-1T(l=e,1,1) 3
§ t D Z->vy N
- 1 W-lv(l=eu1) 7]
S [ acp 3
o .
; ,W////// I.”'"'-.nu ]
JE? 10 v ‘nl. __:_
z : //f/‘i 'i;' ‘ ]
: ' "

77 Ao

/// ,4 ) "lllm :

0 100 300

M, (GeV) e

An Excess — Not Good Enough

Teruki Kamon PPC at the LHC 21



Proving Inclusive E;™*+Jets+X

Excess in E;™ss + Jets + X

v

X = Dilepton mass endpoint from y,° decay to
reconstruct the SUSY masses

v

Nojiri, Polesselo, Tovey,
JHEP 0603 (2006) 063

Teruki Kamon

T

Qs sy pm =

PPC at the LHC

—J—Clarge tanﬂh

X=ee, uu, 1t X=17
i CMS .I . .
E+ - o Qo—anmhzlaﬂo@
H v
] AM =5-10 GeV
bl
M(I'T) (GeVic))

B Arnowitt, Dutta, Gurrola,
Kamon, Krislock, Toback,
PRL100 (2008) 231802

22



“W” Kinematical Template

[ W= ev] Distribution peaks just below
mw and falls shar'ply just below m,.

-¢- data

B Backgrounds

......

| A, L L
gﬂ &0 70 &0 o0 100 110 120

M (GeV/c?)

One heavy object,
followed by two-body
decay

< One missing v

= One template to

characterize the decay
of the W boson

Teruki Kamon PPC at the LHC
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SUSY Kinematical Templates

[SUSY] Distribution peaks below| « Two heavy colored

2 susy Ly : objects, followed by
__________________ . cascade decays

[No b jets; & ~ 50%] % Two missing ZIO'S

m,, = 335 GeV
MqPeek = 1220 GeV

m,, = 351 GeV
M2k = 1274 GeV

g | My, =365 GeV
B M2 = 1331 GeV

—
[ =]
=
=
17

1000

800

600

400

200

Events / (10 fb' X 50 GeV)

' 500 1000 4500 2000 .25"oo 3000 9 Many Templa'l'es
M, (GeV)

Teruki Kamon PPC at the LHC 24
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1% Kinematical Template

’ 3 r 3 [*] MTT
g 2 taus with p; > 40 and 20 GeV
§ Zg: STe ' M= 260.3 GeV :
x sop | il -
e 4o || L 3
S 30b [ —— M,=3215Gev |
(&) 5 N Ly e Dy e =
_ % 50 100 150 200 750
4 ;? M’ (GeV)
%
S peak _ ~0 =~0
| Identify Smoking-gun | | Prepare Kinematical | Mz L(4M. 7. . 1)
| signal(s) and Kinematical : : templates by changing :
: variables in a minimal : | one mass ai a time. :
 benchmark model. | Good kinematical template
(ISAJET/PYTHIA+PGS4)

Teruki Kamon PPC at the LHC 25



More Templates

qu = 260.3 GeV

2

e M.=321.5GeV

Counts / (10 fb™ X 10 GeV)
&
=)

Oy 50 100 150
M® (GeV)

> - ) K =]
8 I AM =16.9 GeV |
o F AM=10.6 GeV 3
: - SR AM =5.1 GeV X:
£ 1w | L. e
= = : 3
8 I S
; - 0 60 80 100
PY® (GeV)
[ %
[*] My,

Jets with E; > 100 GeV

> - T T T =
Q

O o M. =660GeV| ]
o B ae .
2 s o=
Q - -
S 20~ 840 GeV|
§ | LA

0 200 400 2) 600 800 1000
M) (GeV)

Teruki Kamon PPC at the LHC

for 3rd generation squarks

[*] M= B+ EJHES+E N+ Ef™
[No b jets; g, ~ 50%] ... insensitive

k.

=~ = | L | et e U e Mg s s | s e

% 12001~ m,, = 335 GeV

U] B

o 1000

n L

b4 800 r | o m,,= 351 GeV

;-e : ¥ b

o 600 m,, = 365 GeV

g N

~ 400

g -

o 200

> . ]

11} S W AL SN SRS B i,
00 500 1000 1500 2000 2500

M, (GeV)

We identified

3000

for 5 masses. e.g.,

M _. = f,(SUSY masses)

6 kinematical distributions

26



Teruki Kamon

Inverting Eqgs.

M, =748%25; M, =831+ 21;
M, =260+15;M , =141%19;
AM =10.6+2.0

M; /M., =3.1+0.2(theory = 3.19)
X2
M;/ I\/Iﬁ) = 5.9+ 0.8 (theory =5.91)

1] Established the CA region by
detecting low energy 7's (p+* > 20 GeV)

[2] Measured 5 SUSY masses and tested
gaugino universality at ~15% (10 fb?)

l-_

.

Determine the benchmark
model parameters

X 10fb -1

||||||||||||||||||||||||||

8 9 10 11 12 13
AM=M,-M_, (GeV)j

PPC at the LHC



Dark Matter Content

E&b

Good enough to confirm that the dark matter is
the SUSY weakly-interacting neutral particle.

52,0 | 2_,h* ~10% (10fb™)
~5% (50 fo )

h=H /[100 km-s‘Mpc™]

We can investigate elsewhere:
1) B—~uu at COF/DO and LHCb/ATLAS/CMS
2) CDMS-II, XENON, EDELWEISS, ..

Other PPC scenarios are ...

Teruki Kamon PPC at the LHC 28



I
LU I i 4 4
2000 [N
il 2 .
i -
e

e e T

1500
st

WG

(GeV)

1000 Note: g—2 data may still be controversial.

@ Over-dense DM Region

my

500 |7

e et '  sasermad
R o TS
e R T

250 500 750

m,,, (GeV)

Excluded by

(@) Rare B decay b — sy
(b) No CDM candidate

(© Muon magnetic moment

200
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2000 i —_ —~0 1500—
@ g—tty, e |
T > (Wh)WD)(IZ)) B
1500 [ E . — (11b)(Jb)(l Ill ) gm—
S £ : B. Dutta
% - @ : Talk at SUSY 2009
O - a <1Ix107 June 2009
<L S —:
- N . @ Zzo —> hlﬁo 0.12-
V/ i —> bbll Lt
500 ] ‘i f.“ 0.1~
= - PRD 79 (2009) 055002
200 L ol LA - )
500 750 B I T T
My, (GeV) P
0ot T SR Lf ANy %
Excluded by st 7 o e
@ No CDM candidate PRL100 (2008) 231802 0 09_ \h__soltgi :
- i 10fb? |
(© Muon magnetic moment 008
8 9 10 11 12 13
AM (GeV)
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Summary

CS1: Cosmology

at the LHC

C S I

\

1) Cosmologically Consistent Collider (C3) signals at LHC and Tevatron
2) Dark matter detection at COMS II, XENON100O, EDELWEISS, ..
3) Dark matter annihilation signals at PAMELA, FERMI LAT, AMS2, ...

Teruki Kamon PPC at the LHC 31



CBS comedy * Big Bang Theory”
(Season 2 Episode 5, Oct 20, 2008)

2007: TAMU

2008: Univ. of New Mexico
2009: Univ. of Oklahoma
2010: Torino/INFN

2011: CERN

2012: ?

Particle Physics
+ Cosmology

///;f IO wm\\
AANNANRN

// / RN

o 1e2007

Dark Matter & Dark Energy - CMB Measurements - Supernovae, Weak Lensing & Large Scale Structure -
Future Telescopes - Space Programs - Particle Cosmology - String Cosmology - Dark Matter Searches -
Collider Searches - Future Accelerators

http://ppc07.physics.tamu.edu

Program Advisory Committee Organizing Committee

B. Allanach {Cambridge) P. Jenni {CERN) A Riess (Johns Hoplins) B. Amewitt (TAMLUY A. Safonow (TAMU)
V. Barger (Wisconsin) G, Kane (Michigan) €. Ross (Oxford) E. Bryan (TAMU) N. Sumtzell (TAMLU)
VA, Bednyubov (JINR, Dubnu) 1.1 Kazakov (JINE, Dulma) P. Shapiro (UT Austin} B. Duita (TAMUT® 0. Tobaek {TAMLU)
D. Cline (UCLA) E. Eirshner (Harvard) M. Shochet (Chicago) T. Eamen (TAMU)* HN. Turok (Cambridge)
E. Cousins (UCLA) T. Kobayashi { Tokyo) GF. Smoot (UC Berkeley) P. MeIntyre (TAMIT) L. Wang (TAMIT)
W. de Boer (Karlsruhe) H. Montgomery (FRNAL) D. Spergel (Princeton) D Manopoulas (TAMID) . Wehh (TAMU)
B. Dutta (TAMU) M. Najini (REK) P. Sphieas {CERN/ Athens) M. Perry (Cambridge) 1. White (TAMU}

1. Ellis (CERN) F. Paigs (BNL) 5.C.C. Ting (MIT) C. Pope (TAMID *go-chairs

T Hewett (SLAC) 5. Perlmutter (LBNL) 5. Weinberg (UT Austin)

L HinchlifTe (UC Berkeleyh M. Peskin (SLAC)

Cambridge-Mitchell (TAMU) Collaboration in Cosmology
Texas A&M University, College Station, TX, USA
May 14-18, 2007

Credit and Copyright [Left to Right]: CERN Photo (CM S), Richard Massey/Nature, NASA/ Chandra X-ray Center
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PPC Case 1
“Coannihilation”



Case

SUSY Masses

No. 1

Suspect CA
PRL100

Report (2008)
231802

Minimal SUGRA

I?j—rt]- —3Hn—<ov>(n2 -n

Excesses in 3 Final States: E; ™'+ 4; ;

Teruki Kamon

PPC at the LHC

jtT

M.

E_I_miss+ 2j+27; E_I_miss+ b +3j

36



Teruki Kamon

§ i ;; bz € 73 A>
iy 3 51 e 7, 7z
431 748 728 705 319 329 260.3

725 561 645 251 151.3 140.7

PPC at the LHC
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Smoking Gun(s)

~0
X

~0
4

r—-————— - ——————

| [dentiiy smoking-gun

| sighal(s) and kinematical
| Variables in a minimal

| benchmark model.

Teruki Kamon

| Prepare Kinematical
| femplates by changing
| ONe mass at a time.

(ISAJET/PYTHIA+PGS4)

PPC at the LHC

[i] 2 taus with 40 and 20 GeV; M_, &

Pr» IN OS-LS technique
[&, = 50%, Try = 1%0]

Counts / (10 fb™' X 10 GeV)

Counts / 10 GeV

70E M., = 260.3 GeV E
60F . E
S0F- E
402— :"'. —E
3 —— M,=321.5GeV |
208 | i .
10 E

= — -.--'--I = I

Oy 30 100 150 200 250
M;® (GeV)

- ’ ------- 24-_—— AM = ]6.9 Gev ]
,035 AM =10.6 GeV 3
10 E 3

! = my 60 30 100

PT" (GeV)

38



>Vﬂl‘ying0/7/ynnemass :T%

. i, t, 1',”2 e, T, 7 s
ER z 5; ER ‘F‘ /?10 3 :: s
o 748 78 705 319 329 [2603 : Independent of the
725 561 645 251 151.3 140.7 " gluino masses!

zoA‘lA.nnlx““nl.l..‘.
é 750 800 _ 850 900 950

Clean peak even for low AM e
I Uncertainty bands %

. With 10 fb-1

LI S —T—T 7T

> f— I _f s %
o F M, = 260.3 GeV - 8
o 2 %2 = Z 40
2 F 3 .
‘?< E B o
'I"-e 3 t-- — 2567
- s E‘_ M, =321.5 GeV e z?oEo‘ e 0 0 300 320
3 uf : \ : M
—— = T |
= ! eak max ! -0
ﬂ I 1 p 1
S = , : MT‘F o« Mn' — X2
3 A W - v
o E= _-—1._1--1—.“:_.-. BN e K e B

) 150 200 250 peak —
MY (GeV) Mz = L(AM. Mz, M)
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6 equations for 5§ SUSY masses
ME = f(AM .7, . 7,) ° 11—

ng = 260.3 GeV

-— M., = 321.5 GeV

Slope = f,(4M 7))~ [ ES
\ 50 100 150 200 250

@
Counts / (10 fb'' X 10 GeV)

(2)peak __ ~ ~0 =0 Vs (Ge
sz'z' f3(qL’ZZ ’Zl) 1 \> . Mﬂ © V) .
(2)peak _ & wp i iM iﬁgez :
o g M= e E
Mg =1 (qL’AM’ZZ’Zl) >\ > S :
g e
MR = £, AM. 27.20) o]
\ 0 20 ;(\]’is (G {S,% 80 100
peak ) AT SEE | _
Ma = f.(9,d,) 3| 3 uf M, =660GeV| -
Invert the equations to determine 5 T ’
the masses S wp SA0GM
= Og 200 400, 600 800 1000

1] 2 taus with 40 and 20 GeV; M, & pr,, in OS-LS technique M) (GeV)
2| M, < M endpoints Jets with E+ > 100 GeV; M, masses for each jet; Choose the 2n
Iarge value - Peak value ~ True Value
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Templates in E;™*+4j KE ™"+ b+3j

M. 4= EJH+EJ?+EB+E 4+ E-™SS [No b jets; g, ~ 50%]

Mer® = B b+E1J2+E1J3+E1J4+ E;ms [j1 =D jet]

EJ1>100 GeV, E%34>50GeV [Noe’s, u’s with pr > 20 GeV]
Mst Mg > 400 GeV ; E;™ss> max [100, 0.2 My]

-~ :m1,2—3356ev : ltang =48 I
3M3] At Ma 1220 cey My P = 933 Ge |
@ 100 my, = 351 GeV > 2s0F tanB = 40
X g0 Mes peak =1274 GeV (0] - M._..0peak = 1026 GeV
- N W N 9 2000 et -
a ik m1/2 e GeV ; ]505_ ............................
< [ : M Peak = 1331 GeV : :
g 400__ .................................. “.e 100:_
g =
S 200 = so-
2 g L L

003004000 1500 2000 2500 _ 3000 E 0~=""500 1000 1500 2000 2500 3000

~ ~ b)peak
Meffpeak (GeV) = f6(g 1q|_) Meff( P (GeV)

M.+ can be used to probe A, and tang without measuring the masses of the
3rd generation squarks (i.e., stop and sbottom).

Teruki Kamon PPC at the LHC 41



_______________________________________________________________________________________________________

6 equations for 5§ SUSY masses

M = (A 7, . 7))
Slope = fz(AMu%f)

~0 ~0)

Mjir)rpeat = fB(qL’ZZ ’Zl~0 ~0
M%)lpeak = 1:4(9|_ AM ’%'g ’i{é)
M2 = £ (G, AM 7, . 1)

j72

M = 15(3.4.)

Hypothetical Experiments

(M, =748+25; M, =831+ 21;
M., = 260£15;M , = 141£19;
AM =10.6+ 2.0

Inverting Egs. s ng /M., =3.1£0.2 (theory = 3.19)

M;/ Mﬁ = 5.9+ 0.8 (theory =5.91)

Testing gaugino universality at 15% level.
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______________________________________________________________________________________________________

SUSY Masses

Inverting Eqgs.

M. =748+25; M. =831+21; ” -------------------------

b 7 | 131 Determine the bencllmark |
My = 200£15 M, =141215; 'model parameters |
AM =10.6+ 2.0

M; /M, =3.1£0.2(theory = 3.19)
X2
M;/ Mﬁ = 5.9+ 0.8 (theory =5.91)

[1] Established the CA region by detecting
low energy 7's (p+¥* > 20 GeV)

[2] Measured 5 SUSY masses and tested ____--_____ﬁl
gaugino Universality at ~15% (10 fb!)

| F A —
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M, = 831GeV [1] Established the CA region by detecting
M, = 260GeV low energy 7's (p+V' > 20 GeV)
M. = 151.3GeV
M’ 1407 GZV [2] Measured 5 SUSY masses and tested
B t ' ) gaugino Universality at ~15% (10 fb1)
m, = ; ; i
" _ X [3] Determine the dark matter relic density
ta:l/; _ by determining m,, m,,,, tang, and A,
A, = \ )
sgn(u) > 0 y Mljorej = Xy(My,,m;)
t > MPek = X, (m,,,m,,tanB, A,)
——————————————————————————— peak _
|Q~Oh2 — Z(mo, m1/2 tanﬂ AO) I\/Ieff - ><3(rnl/2 ’mo)
--------------------------- MEP = X,(m,,,m,,tanB, A,)

J eff
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_______________________________________________________________________________________________________

ea \ ( _ +
MP = X, (my,,m,) m, = 210+5
Mfreak = X,(my,,my,tanB, A;) > >< m,, = 350%4

ea -1 — +
MBS = X, (m,,,m,) 10 fb A, = 0+16
MEP = X, (my,,m,,tanB,A,) ./ _tang = 40+1

g R \ Q=B (my, my;, tanf, A,);
e 01 :.::.: .......................
&7 S shm)
ggz X=10fbt
R l\llllﬂ(elll{/‘ )' 713 | |62, 1 20 ~10%(10fb™)
A e .
- -/ ~5% (50 fb™)
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PPC Case 2
“Over-dense DM”



old N I P Lahanas, Mavromatos,
vid , New values for and Nanopoulos,

0.095 < 0th® < 0.1117 PLB 649 (2007) 63

1400 3, 114.0 GeV
i, Higgs

A,=0, tang=40

Case =) e s oo
NoO. 800 :
Over- BaP a n~[" (Gl v>dx
Suspect dense 4003 X e 0.23
DM 200 L/A 23
PRD 79 200 400 600 800 1000 1200 1400 1600 1800 2000
Report (2009) m
055002 172
‘Minimal SUGRA | YBER+0) %) KB+ ) %)
I T s B 20+ X)) (B) B +#) (%
| 2 2 I\ |
:E = —3Hn—<ov>(n - neq)+ S(¢): 86.8% 20.5

_________________________ 13.0 77.0%

Smoking gun signals in the region? — see an example for %
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__----__----__----__----__----__----__----__----__--T_-_____-_-_-_-_____-_-_-_-_____-_-_-_-_____-_-_-_-_____-_-_-_-_____-_-_-_-_____-_-_-_111111:-

N(b) > 2 with
pr > 100 GeV; 0.4< ARbb <1

1366 . , | |
gmo— .
~600 .
€500 T -
§400— .
§3oo— ~
2200 .
2100

% 50 100 150 200 250 300
My, (GeV)

— — (2)peak __

Xg —Xf Mjn - ><1(rnl/2’rno)
peak _

462 | .3 462 M = X,(mg,,,mg)

~ R (b)peak __

Xf — Meff - X3(m1/2 ’mO ’tanﬂ’AO)

249 Mrgeak — X4(m1/21m01tanﬂ’A0)
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v'Solved by inverting the following functions:

Mﬁ)rpeak Xl(m1/2’m0) \ ( m, = 440+ 23
M;iak = Xz(mllz,mo) —_— m1/2 - 60016
M@reak = X (m,,,,m,,tanB,A,) | 500 fb! A, = 0+45
Mrieak = X4(m1/2’mo’tanﬁ’Ao)J \tanﬂ = 403
/0.12 (""'- ~ _
ot s N %=500fbt
c:.é 0.1 \’\’\ ~
B : ~ —]
i N N |
| '\, \ |
0.09_ ~. - | . &Zoh2 / Qiohz _ 19%
008— . |,
7. 3% 3% 40 41 a2 4 b/c stau helps to determine tan
\~ tan? / gccurateuly) " | “
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PPC Case 3
“Focus Point/HB”

Teruki Kamon



Case
No. €
Suspect HB/FP

Report Done

‘Minimal SUGRA |
i(;—rt] =-3Hn- <o'\/>(n2 - njq) i

Teruki Kamon

Abram Krislock's image of HB/FP, October 2008

=gt ;
R o e e R
e e A

B G Gy
. ) -' ﬁ___‘.‘; Sh A
Bl 2
el £ b
r

Prospects at the LHC
A few mass measurements are available: 2nd
and 3" neutralinos, and gluino

Question
Can we make a cosmological measurement?
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MZSWS h B. Dutta

p p Talk at SUSY 2009
0 M, M,c,C; —M,CyS, June 2009
M., =
MzSwCs MzCyCp 0 —H
sw = sin(fy) cw = cos(fw)
K MZS\/\/S'B - MZCWS'B _ﬂ O ) sg =sin(8) cg = cos(f)
( )

M= Augq (Myp, 1, 1aNG)

\ . , K /

4 A\
Mg Dy =Mz =Mz Dy =Mz =M,

om,, and 6D, <> S and dtang

————————————————————————————————

Q _h>=2(m,,,utanp):
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> 1 1) OM;
& 5D21=17O}0) 6D31_110 ) M__45&) oM,

“ .
’5“ D,, D, g M,
(1) D. Tovey, “Dark Matter Searches of ATLAS,” PPC 2007

(2) H.Baeretal., “Precision Gluino Mass at the LHC in SUSY Models with Decoupled
Scalars 7 Phys Rev. D75, 095010 (2007), reporting 8% W|th 100 fb -1

2500 R e e e

3600~ 5 tan

35 r ¢ ﬂﬂ -~ 31% 1500 —_— = 56%
2.1500— ;2500__ an § F
\ 0 —fr ez 19:(; \:Jés 8 200 %% 70 15 20 tai's(m 36 35 40 45 50 0"~%56 780 al'mn;“za(zgewa-'w 380 380 j
1s00— T ; | 2

2 28%
8 ~ 0
§1m_ C G l D21 aﬂd D32 at 1'2% and
2 LH 0 -
: ] a1 gluino mass at 5%

%505 o1 o045 0z 0.25

Qhn
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Reconstructing two top guarks!

e.g., "'Perspectives for the detection and measurement of
Supersymmetry in the focus point region of mMSUGRA models
with the ATLAS detector at LHC,"

U. De Sanctis, T. Lari, S. Montesano, C. Troncon,
arXiv:0704.2515v1 [hep-ex] (Eur.Phys.J.C52:743-758,2007)

=> No gluino mass measurement.

Question (& HW)

Can we improve an gluino mass measurement by simultaneous
detection of neutralinos and top(s)?

g—>tty, > W D)W b)( ¢ z))
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PPC Case 4
“Non-universality”



[Non-universality Case]

Is a cosmological measurement possible?

1) Start with over-abundance region in Case2-like

MSUGRA (e.g., my,, = 500, m, = 360, m,,, = 360)
Case 4
No. 2) Reduce Higgs coupling parameter, u, by increasing
Non- My, (6.9, My, =500, my = 360, my,, =732)
Suspect universal - Extra contributions to £2h?
Higgs - More annihilation (less abundance)
- - Normal values of £h?
Report progress
3) Find smoking gun signals
'Non-minimal SUGRA ' Non-U Case 2
CUITITITITITITITIT 75> W*g? 42% 2.4%
Idn 2 2 \! ~
= —3Hn- (ov)(n?=nZ) Vi,  58% 98%
“““““““““““ ' 7, = 17 92% 99%

4) Technique to calculate £2h?
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m,,, = 500, m, = 360, tanf# = 40, m,,,=175 -~ 4
My, = 732, myq = 732 ~N 49 \) q
g — _iiL ~+ +
- (1161) (1114) > Zl % W
N
- - ~()
—) 4

- (946) Z z) b

L |
I« ]

(780)

AN
!
~

oy
z
g
!

i J Zl
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E M > 180 GeV; N(j) > 2 with p; > 30 GeV | Jet Mix to
N(J) > 2 with E; > 200 GeV; & N(b) > 0 with p; > 30 GeV & extract |
E. M + EJL + ELJ2 > 600 GeV 'N(f)=0withp;>20GeV | | Ws
""""""""""""""""""""" | Appendix

Note there might be b-jets and/or =jets in event, but not
counted as “J” nor “j)”.

i o g T Ture=714GeV (y) 00300732 |
L [Vetoing events with any t’ s with p; > 20 GeV]
~F +
Z_ ‘—)W_ AL L L N NN L B B L LN |
1 N ~() 800
Z] ?00;—
> 6003—
S ob Endpoint = 774 GeV
Ture =739 GeV (7,9 ¢
qL :l) q (Z4 ) % 400 Ture =739 GeV (Z40)
~0 + 3 300 =
14 -\—) W_ _ © 2005— —E
~ - =
Z —> W 100— 'q E___ =
\ = D_..—.I_.l U - =
/5?10 no—' s —io00 1200140000 o0 3000
Two Leading 4&\&') (GeV) [Fully Subtracted W]
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M, ,;~» shifting with my,_

.500-360-732. 000-360-694 -200-360-582........

800 : MU% 1000 : M(jw i 1000— : M(J\N)

700 : : Mﬂlﬂﬁtw) % ” C M HWVV) i 800 — Mg\ﬁl\ﬂ
§o- Endpoint = 774 GeV | | 5 L \1, E 8 E
g s Ture = 739 GeV (%) E : Endpoint = 856 GeV  [£ [ Endpoint = 900 GeV
§ sl _é § 400_— Ture = 813 GeV (,*) § 4ooj Ture = 867 GeV (,(fj')

On_' g0 id0~ 03500 '1006;:5;?_1:;;'1:06'1;05'2300 0n' 200 400 af 500 10_0‘(:_'1;;:_|I_1IT;;(1_1600_18;(1 2000 On:' 200400600 " 800 1000 1200 1400 1600 18 =

Two Leading M(jW) (GeV) [Fully Subtracted W] Two Leading M(jW) (GeV) [Fully Subtracted W] Two Leadinog M(?i(\):l) ((;:[\)IO) [FE:)I; S::?Jot?'ac::guwf w00 2000

M p-Mo-Myyy 500-360-732 500-360-694  500-360-582

Qh? 0.110 0.211 0.462

M (@~ 2, > W+, 714 (Br=0.20%0.42) 813 (0.31*0.48) 867 (0.57*0.31)

My (@=> 2, dW+p0>7h) 727 (0.46%0.92) 650 (0.35*0.54) 652 (0.087*0.30)

M (@~ 2, D W+2:.0>2) 652 (0.46*0.18*0.46) NAN (0.35*0.00)  NAN (0.087*0.00)

M 3 (G==> 22> W+2,%) 739 (0.24*0.74) 654 (0.19*0.85) 650 (0.053*0.56)

gluino 1161 1161 1161

U, Ug 1113, 1078 1111, 1077 1111, 1076

by, b, 1y, 1, 946, 989; 781, 992 048, 993; 787,996 954, 1005; 787, 996

A 291, 427 329, 442 376, 511

20~ 2.0 199, 293, 316, 432 202,328, 368, 445 205, 375, 482, 511
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Observable Model Parameters

Mesr(Mg, My5)
M Mg, My))
M (Mo, My, (Myy,), tanp)

M AMypp, (M), tanp)
M)(Mg, My, M), tanP, Ay) Ag

My, My

au(mHu)’ tanB

Work in Progress ...
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