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Roadmap of the talk

» Briefly review WIMP dark matter

* Explain what a well tempered neutralino is

» Astrophysical constraints from Indirect/Direct
Detection

» Discuss why well tempered neutrinos are hard to find

» Show example of new strategies

 Parameter space covered with strategies
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Dark Matter Overview

VELOCITY IN PLANE OF GALAXY (km/s)

i K—N\Gcw
l
|
- 1
1 L d L A

el

0 5 10 15 200 10 20 30 40 kpc
m | | T T " T T T T T T T
100 21Sc GALAXIES -~

NGC 4605 I
or NGC 3672 [‘00""‘ ¥
GC 1035 |
NGC 1421
NGC 4062
1
NGC 4321
/’ NGC 2742
NGC 701 / " NGC 2715
3 ee——TIC 467
NGC 7541
/\//NGC 3495
I
NGC 7664
NGC 1087 ;

T S 1

NGC 2998
ucc 3691 1
)

NGC 753

A A A L A
T 1 T 1 L | 1
S~ I
NGC 801
!

ry
”

A

/
! \
! N ~ I l
L. 4 NS .
200+ ./\ UGC 2885 -
1
100 |
o i
1 1 — 1 1 1 1 71# 1 1 1
0 10 20 30 40 50 60 80 100 120

DISTANCE FROM NUCLEUS (kpc) [H=50km s Mpc]

Evidence for DM

Rotation curves
Gravitational lensing
|a supernovae
Cosmological
nucleosynthesis
CMB anisotropies
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Dark Matter Overview

VELOCITY IN PLANE OF GALAXY (km/s)
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Evidence for DM
e Rotation curves
» Gravitational lensing
e |a supernovae
» Cosmological
nucleosynthesis
 CMB anisotropies

What do we Know?
eDensity ¢
e = P
e|nteracts with gravity, not
photons

= 0.2568
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Dark Matter Overview

VELOCITY IN PLANE OF GALAXY (km/s)
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Evidence for DM
e Rotation curves
» Gravitational lensing
e |a supernovae
» Cosmological
nucleosynthesis
 CMB anisotropies

What do we Know?
eDensity ¢

(Ve = p775 = 0.2568
3H?
e|nteracts with gravity, not
photons

Still need to know:
Mass, spin, interactions...
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WIMP Dark Matter

Assume that DM does interact with the SM by means beyond
gravity

Bryan Ostdiek



WIMP Dark Matter

Assume that DM does interact with the SM by means beyond
gravity
eDM can be in thermal
equilibrium with SM in the early
universe

eLxpansion leads to freeze-out,
“WIMP miracle”

d(nxa)
At — _(n?X o n%(,eq)a3<o-v>
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WIMP Dark Matter

Assume that DM does interact with the SM by means beyond

gravity
eDM can be In thermal .
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WIMP Dark Matter

Assume that DM does interact with the SM by means beyond
gravity

eDM can be in thermal .
equilibrium with SM in the early  10°
universe |

eLxpansion leads to freeze-out,
“WIMP miracle”
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WIMP Dark Matter

Assume that DM does interact with the SM by means beyond
gravity

DM can be in thermal |
equilibrium with SM in the early 1~
universe e

eLxpansion leads to freeze-out,
“WIMP miracle”
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eProduction at colliders
Use supersymmetry as a WIMP model. Extra

particles affect (ov)
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Dark matter from supersymmetry

Spin 0 Spin 1/2 Spin 1
N

q, |
Vu
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Dark matter from supersymmetry
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Dark matter from supersymmetry
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Dark matter from supersymmetry
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Dark matter from supersymmetry

Spin 0 Spin 1/2 Spin 1
h

~

q, ¢ i
V. Vs
N——"
Higgsinos and Gauginos mix to form Neutralinos and
Charginos
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Dark matter from supersymmetry

Spin 0 Spin 1/2 Spin 1
h
q, " i
V, Vi
) ——
Higgsinos and Gauginos mix to form Neutralinos and
Charginos
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Dark matter from supersymmetry
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Dark matter from supersymmetry

Spin 0 Spin 1/2 Spin 1
h

~

q, ! |
V, Vi
N~
Higgsinos and Gauginos mix to form)Neutralinos @
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(ov) determined by M, M>, 11, and tan 3

R parity doesn’t allow LSP to decay
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|lsolated EW-Inos

What mass is needed to quench relic abundance?
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|lsolated EW-Inos

What mass is needed to quench relic abundance?
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|lsolated EW-Inos

What mass is needed to quench relic abundance?
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|lsolated EW-Inos

What mass is needed to quench relic abundance?
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Co-annihilations

Why are the relic abundances ditterent for the pure
electroweakinos”
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Co-annihilations

Why are the relic abundances ditterent for the pure
electroweakinos?

N
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Co-annihilations

Why are the relic abundances different for the pure

electroweakinos?

~0
X2

/
:

Annihilation cross section atfected by particles near in mass
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Co-annihilations

Why are the relic abundances different for the pure
electroweakinos”

Annihilation cross section atfected by particles near in mass

tunes the values of M, M,, u, and tan /3
to achieve observed relic abundance
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The Well Tempered Surface

tunes the values of My, My, i, and tan S
to achieve observed relic abundance

* Decouple all supersymmetric scalars (heavy Higgs and
sfermions)

 Chose a value for tang (10)

e Scan over values of M+, Mo, and u
(Spectrum calculated with SUSPECT)

 Keep model point if 2h2 =0.12
(DM properties calculated with micrOMEGAS)

e Points left over define the

Next set of plots were first presented in J. Bramante, P. J. Fox, A. Martin, BO, T. Plehn,
T. Schell and M. Takeuchi, “Relic neutralino surface at a 100 TeV collider,”
Phys. Rev. D 91, no. 5, 054015 (2015) [arXiv:1412.4789 [hep-ph]]
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The Well Tempered Surface

M,[TeV]

Mass of the lightest neutralino

mx;

tanB=10
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The Well Tempered Surface
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Mass of the lightest neutralino

mx;

tanB=10

Bryan Ostdiek

<100 GeV
250 GeV
500 GeV
1000 GeV
1500 GeV
22000 GeV



The Well Tempered Surface

Mass difference between the lightest two neutralinos

Am(x3,x3)
tan=10

® =<2GeV
® 10 GeV
20 GeV
® 30GeV
® 50 GeV
® 2m; GeV
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The Well Tempered Surface

Mass difference between the lightest two neutralinos

Am(x3,x3)
tan=10

® =<2GeV
® 10 GeV
20 GeV
® 30GeV
® 50 GeV
® 2m; GeV
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The Well Tempered Surface

Mass difference between the lightest neutralino and chargino

M,[TeV]

Am(x3.x3)
tanB=10
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The Well Tempered Surface

Mass difference between the lightest neutralino and chargino

M,[TeV]

Am(x3.x3)
tanB=10
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Transition () OrREGON

What have we learned?

- SUSY with R-parity provides a DM candidate
-+ Not all SUSY DM candidates give correct DM

abundance
- Well tempering leads to small mass splittings
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Transition () OrREGON

What have we learned?

- SUSY with R-parity provides a DM candidate

-+ Not all SUSY DM candidates give correct DM
abundance

- Well tempering leads to small mass splittings

Modifications and improvements
- Sommerfeld enhancement substantially increases pure
Wino annihilation cross section
- Some effect for pure Higgsino
- How Is the surface affected?
+ Use DarkSE code by Hruczuk

J. Bramante, N. Desai, P. Fox, A. Martin, B. Ostdiek and T. Plehn, “Towards the Final Word on
Neutralino Dark Matter,” arXiv:1510.03460 [hep-ph]

Bryan Ostdiek 12



What is the Sommerfeld enhancement?

“The modification of the wave function of the incoming non-
relativistic particles due to their mutual interaction”

tree with SM runned ¢

10? : tree x SE

1 = loop level + SE (1 = loop)
| = 1 — loop level x SE (full)

SM runned g and s,
W £h W . W
Z,y i
~ ' //
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- \\\ 5 /
: X /
) 0

@
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X w+ | X B
NN Y 1
0 0
X A A A
1) 5)
102 =
E X% = WHW
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m [GeV]

A. Hryczuk and R. Iengo,“The one-loop and Sommerfeld electroweak cor-
rections to the Wino dark matter annihilation,” JHEP 1201, 163 (2012) [JHEP

1206, 137 (2012)] dos:10.1007/JHEP01(2012)163, 10.1007/JHEP06(2012)137
larXiv:1111.2916 |hep-ph]]
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Sommerfelded Surface

M 2 [T@V]

-3
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my o= 0.1 [00.2 |e0.5 | @]1.5|02.0|02.5 TeV

No Sommerfeld =

Bryan Ostdiek
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Where are we going? ()| OREGON

Can entire surface be discovered with current/future
experiments?

e Examine indirect/direct detection constraints
* Explore search techniques at high energy colliders

e Complementarity between experiments

Bryan Ostdiek 15



Where are we going? ()| OREGON

Can entire surface be discovered with current/future
experiments?

e Examine indirect/direct detection constraints
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Indirect Detection

<ov3, . (95% CL) (cm’/s)

* Annihilations still happen in dense regions
» Can do yx—-yy (Ey=my)
* [ ack of signal leads to constraints
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Indirect Detection

V2Oy>yz+ Opyryy = 1024 | @107 | @102 | | @107 | @107 |@<10733 cm’/s
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~
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Sommerteld effect enhances annihilation to photons

Bryan Ostdiek
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Indirect Detection

* Constraint
depends on DM
orofile
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Indirect Detection

e Constraint tan p=10

depends on DM

. 1---- .

i
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] '
profile - |
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| Dark Matter Halo Profiles | -4 -3

Excluded: HESS-Burke| HESS-NFWee| HESS-Eineee

Projected Exclusion: CTA-Eineecee

* Pure Wino plane excluded
* Wino-Higgsino sheet in future

Bryan Ostdiek
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Indirect Detection

e Constraint tan p=10

depends on DM
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Direct Detection

e| ook for DM scattering off nucleon in detector material

Bryan Ostdiek
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Direct Detection

e| ook for DM scattering off nucleon in detector material
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Direct Detection

M,[TeV]

M2 [TGV]

M 1 [TGV]

-4 pulTeV] Spin-independent ony

—4 ulTeV] Spin-dependent Gny
(01040 |@104 |@>10-** cm?

o(y,'n—y,'n) = o<10% @104 |e | 010! |@10-40 |@>10-3 cm?

o(y,'n—y,'n)= <10-" |10 |e |

oxCoupling to Z oxCoupling to h

Accidental cancelations in coupling of LSP to Z(h) leads to
blind spots
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Direct Detection

* Spin-independent
bounds are much better

e Exclusions depend on
tan

M2 [TCV]

M2 [TCV]

-4 p[TeV]

Excluded: XENONI10Oe |[LUXeo®

[Projected Exclusion: XENONITeee [LZecee
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Direct Detection

* Spin-independent
bounds are much better

e Exclusions depend on
tan

* Bino-Higgsino and Wino-
Higgsino are or will be
excluded

* M1, M> <4000 GeV not

decoupled enough...

"Pure’ Higgsino

discoverable in future

* Pure Wino mostly covered

Bryan Ostdiek

u[TeV]

Excluded: XENON100e |[LUXeo®

[Projected Exclusion: XENONITeee [LZecee
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Where are we going? ()| OREGON

Can entire surface be discovered with current/future
experiments?

« Examine Direct/Indirect Detection constraints

* Pure Wino and Wino-Higgsino covered by indirect
detection

* Bino-Higgsino , Wino-Higgsino, Pure Higgsino’, and
some Wino surface covered by direct detection

* No coverage for Bino-Wino
* Depend on astrophysical assumptions

Bryan Ostdiek 22



Where are we going? ()| OREGON

Can entire surface be discovered with current/future
experiments?

Explore search technigues at high energy colliders

3 Cover Bino-Wino surface
J Resolve conflicts with pure wino

LHC Detectors can distinguish
Leptons (electrons and muons)

Photons
Anything with quarks seen as ‘jet’
Neutrinos and dark matter not detected; conservation of

transverse momentum

Bryan Ostdiek 23



What limits exist already?

LSP mass [GeV]
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What limits exist already?

CMS \s=8TeV L=19.51fb"
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What limits exist already?
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What limits exist already?
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Reminder of mass splittings A
3 p-nmmm3eT T 3 ™
§ 3 E \\\ eteseie ‘
9
% 32 e —
E 1 '_' ) 3 4
4 ) 5 1 0 I
4 -3
HTVT NLSP-LSP mass splitting
my o-my = o<1 [0 10| |30 |#40 |#>60 GeV
%
)
s
Z
)
S

—4 u[TeV]

CLSP-LSP mass splitting
my, .-my = ©<0.15 e | o1 |20 |e>40 GeV
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What limits exist already?

400 CMS \'s =8 TeV L=19.5fb"
;l : | | | | | | | | | | | | | | | | | | | | | | | | :
> C - 7%, (noT, BF(WZ)=1) n
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What limits exist already?

CMS \s=8TeV L=19.5fb"
';' 400_ —r 1t 1t | 1 1T 1T 1T [ Tt T T T [ T T T T ] T T T T ]
) = 0 s N
Q) 350" PP%XZ X, (nol, BF(WZ2)=1) -
¥ a00f T © LEP: m,+>94 GeV
E 300F--- pp—=% % (noT BRWH)=1) . = X
250 T 4 Surface:
- O, e AN 1 mo+,myo < moo + 30
— X'7 A “¢¢ ’ . s X . X ~ X
200 a //((\fl:\ “““““ - ((\<,‘i\‘ L. - 2 1
S PR e’ ]
150 .7 -
100 :"_:‘ \\“\}\' : _:
f\ W v ]
50 \\\\:\:“,\\‘""\:\“‘ -
:' ] |I“‘ | ] | ] ] ] ] | ] ] ] ] | ] ] E ] | ] ] ] ] :
100 150 200 250 300 350
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X
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Need new methods () OrREGON

e Few SUSY searches so far use photons
 Can light be used to search for dark matter?

pp%W—I—ijg_—l-ET

Neutral current aimed at production of x3x3

- J. Bramante, A. Delgado, F. Elahi, A. Martin and BO, “Catching sparks from well-forged neutralinos,”
Phys. Rev. D 90, no. 9, 095008 (2014) [arX1v:1408.6530 [hep-ph]]

pp =y +LF + B

Charged current aimed at production of x5x:

« J. Bramante, P. J. Fox, A. Martin, BO, T. Plehn, T. Schell and M. Takeuchi, “Relic neutralino surface at a 100 TeV
collider,” Phys. Rev. D 91, no. 5,054015 (2015) [arXiv:1412.4789 [hep-ph]]

« J. Bramante, N. Desai, P. Fox, A. Martin, BO, and T. Plehn, “Towards the Final Word on Neutralino Dark Matter,”
arXiv:1510.03460 [hep-ph]
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How to get a photon

e 2-body phase space
* | oop factor ~1/16m?

Bryan Ostdiek

28



How to get a photon

0
X3,2

Bryan Ostdiek

e 2-body phase space
* | oop factor ~1/16m?

* 3-body phase space

L, 1 1d°p
~2BPS (27?)3§Ep ,
e / propagator ~

e BR(Z-IH)~7%

28
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SM Backgrounds

’ /ytt‘dilepton

*y Y/ Z (7777 ) |aitepton
« 7Y Vv|dilepton
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SM Backgrounds

’ /ytt‘dilepton

*y Y/ Z (7777 ) |aitepton
« 7Y Vv|dilepton 2
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SM Backgrounds

’ ’ytt‘dilepton

*y Y/ Z (7777 ) |aitepton
« 7Y Vv|dilepton 2

Angle between leptons
Transverse mass

Angle between leptons and photon
o1(y), Total MET

Bryan Ostdiek
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pp — Xoxs = Y+ + By

Most discriminating cut is my

D

<
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pp — Xoxs = Y+ + By
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pp — Xoxs = Y+ + By
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Most discriminating cut is my
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pp — Xoxs = Y+ + By

Benchmark points Point A Point C
Lt -150 GeV  -145 GeV
M, 125 GeV 120 GeV
tan 3 2 10
M50 124.0 GeV 105 GeV
e 156.9 GeV 150 GeV
M50 157.4 GeV 163 GeV
(v/s =14 TeV) [ L needed [fb™"] 430 4300

Small mass splitting is good for cuts, bad for triggering

we were using 8-TeV di-lepton trigger, small efficiency

What if the system is boosted off a hard ISR jet to trigger on?

Bryan Ostdiek
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What if the system is boosted off a hard ISR jet to trigger on?

pp — XaXT =Y+ LT+ B

Bryan Ostdiek
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What if the system is boosted off a hard ISR jet to trigger on?
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What if the system is boosted off a hard ISR jet to trigger on?
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What if the system is boosted off a hard ISR jet to trigger on?

pp %—> VLT + By Dominant Background

Bino-Wino

Bryan Ostdiek 32



Parameter space for pp — xaxi = v+ + Erp

tan p=10' ' |

CLSP-LSP mass sphttmg _ -
m, .-my = ©<(0.15|e® | o1 |@20 |®>40 GeV S "= t
0= sSee

1

M2 [TCV]

NLSP-LSP mass splitting
my, -y = ®<1 [0 0] |30 |@40 |e>60 GeV
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pp — XaX] — v+ + Er

Larger pr(]) yields more separation from background

Bryan Ostdiek
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pp — XaX] — v+ + Er

Larger p1(j) yields more separation from background
Higher Energy Collider

Bryan Ostdiek
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pp — XaX] — v+ + Er

Larger pr(]) yields more separation from background

Higher Energy Collider

1,0%,4) signal and Wy background 1,0, 4] signal and Wy background
Background Leptons

Background Photons
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pp — XoXiT — 7+ 4T + Fr Results

PT ¢ = :10 — 60: GeV 77g| < 2.5
= [10 — 60] GeV |nvy| < 2.5

pr; > 0.8 TeV |n;| < 2.5

ET > 1.2 TeV pT,’Y —
l
M7y <10 GeV ARy, > 0.5

MG5aMC@NLO, Pythia6.4, Delphes3/1 OOTe\{SnowmassQard ) .

4r tanB 10: .

3L .‘
> !
= 2F :
=

/3 — 100 TeV piTeV Significance, 15 ab™!
o<().l|e]l | @2 | |0l |0>50

pp—Lyjpr
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pp — X2X1 — v+ {47 + B Results

PT ¢ = :10 — 60: GeV 77g| < 2.5
= [10 — 60] GeV |nvy| < 2.5

pr; > 0.8 TeV |n;| < 2.5

ET > 1.2 TeV pT,’Y —
M7y <10 GeV ARy, > 0.5
MG5aMC@NLO, Pythia6.4, Delphes3/100TeVSnowmassCard ) .
4 ‘ tanB 10: ..
3 ' Cover most of
the Bino-Wino
plane!

/3 — 100 TeV piTeV Significance, 15 ab™!
pp— Lyjpr o<(.1|®l |02 |c |ei|0>5G
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Where are we going? ()| OREGON

Can entire surface be discovered with current/future
experiments?

* EXplore search techniques at high energy colliders

3 Cover Bino-Wino surface
7 Resolve conflicts with pure wino
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Where are we going? ()| OREGON

Can entire surface be discovered with current/future
experiments?

* EXplore search techniques at high energy colliders

¥ Cover Bino-Wino surface
3 Resolve conflicts with pure wino
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Resolve contlicts with pure wino

 Pure Wino mass splittings come at loop level

* Small mass splitting — little p
* ook for chargino traveling a
decaying to pions (soft and u

nase space — large lifetimes
macroscopic distance then

ndetected). i.e. disappearing

~_Chargino lifetime

track

T [mm/c]
~

(O)]
T T T T
e

\\\\\\\\\\\\\\\\\\\\\

Chargino Mass
e 1900 GeV

® 2050 GeV
e 2200 GeV

2350 GeV
o 2500 GeV
® 2650 GeV

0.20 0.25 0.30 0.35

Am(x3,x7)[GeV]

Bryan Ostdiek 37



Disappearing lrack

What process gives a background for a disappearing track?

10°

8 (| ATLAS —— paan ¢ Atlarge pr dominated
é 103 Vs=8TeV, _[Ldt=20.3fb" °°°°°°° ;MISg:on é by pT m|SmeaSUI’ed
T S RV tracks
tof- , 1« Fit by pr-a with
Wy L 1 a=1.78+0.05
10 /7 -",{,;.’?:._..-,:,/;{)."::::_l.:"\/ Y / 555 17‘.’ - .
102 I Extrapolation
10°  Assume same shape
= 25 —
< 48 L SO 2 O ‘{l e Scale total background
8 feeat et A e N T . -
5 08' ,,,,,,,,,,,,, T Sosetth o ¢ S¥ ¢ 98- A 1'11 @ 8 Tev to ratIO Of
20 30 40 100 200 300 1000 — .
Track p, [GeV] pp — VUV +
pry > 90 GeV, P >90 GeV, Aglh P > 15 between 100 TeV/8 TeV
Isolated track (with largest pT) with :
30 o L < 80 om * Same detector size

Bryan Ostdiek
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Disappearing lrack

pr; >1TeV, Ep>14TeV, A "1 5 15

man
PT.j, > 500 GGV, PT track = 2.1 TeV
Isolated track (with largest pr1) with 30 cm < Lt < 80 cm

MG5aMC@NLO, Pythia6.4,FastJet,Delphes3/AtlasCard . . . :
4 tan =10

M2 [T@V]

Ml [TGV]

TeV ..
V3 =100 Tev HlTeVl Significance, 15 ab!

pp—disappearing charged track+jpr e<(.1|e]l|02|c |0l |0>50

M. Low and L. T. Wang, JHEP 1408, 161 (2014) [arXiv:1404.0682 [hep-ph]].
M. Cirelli, F. Sala and M. Taoso, JHEP 1410, 033 (2014) [JHEP 1501, 041
(2015)] [arXiv:1407.7058 [hep-ph]]

Bryan Ostdiek
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Where are we going? ()| OREGON

Can entire surface be discovered with current/future
experiments?

* EXplore search techniques at high energy colliders

?over Bino-Wino surface
R

esolve conflicts with pure wino
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More soft objects In energetic events

Extend methodology of the j+y+1[* search to soft dileptons

pre = [10 — 50] GeV, pr; > 100 GeV,
Myp < m%ax, T > 500 GeV

Relic neutralino 56 discovery with soft dileptons (3 ab™!)

o
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More soft objects In energetic events

Extend methodology of the j+y+1[* search to soft dileptons

pre = [10 — 50] GeV, pr; > 100 GeV,
Myp < m%ax, T > 500 GeV

Relic neutralino 56 discovery with soft dileptons (3 ab™!)

Soft dileptonic decay
of x9 allows for

HHEHHTE discovery of much of
i Bino-Higgsino and

i some Bino-Wino

o

Bryan Ostdiek



Where are we going? ()| OREGON

Can entire surface be discovered with current/future
experiments?

 Complementarity between experiments

Bryan Ostdiek 42



20 Exclusions

| @ Tracks | @Compr.+Direct| e Compr.

p[TeV]

Putting the searches together

eDirect | @Direct+Indirect |

43

Bryan Ostdiek



UNIVERSITY OF

Discusion OREGON

o\\Vell tempering uses co-
annihilation of electroweakinos
to set the observed relic

abundance |
* Does not have to be supersymmetric z \

e Small mass splittings result

M;[TeV]

206 Exclusions

o We a k |_ H C | | M |'tS ( h a rd tO [ eDirect | eDirecttIndirect | | | eCompr.+Direct| eCompr. |

trigger)

e Searching for soft objects e A few holes remain
recoiling off hard jet allow for e "Pure Higgsino’ needs
collider coverage of most of much more decoupled
the surface Wino and Bino
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Questions? () OrREGON

e J. Bramante, N. Desai, P. Fox, A. Martin, BO and T. Plehn, “Towards
the Final Word on Neutralino Dark Matter,” arXiv:1510.03460 |[hep-ph].

e J. Bramante, P. J. Fox, A. Martin, BO, T. Plehn, T. Schell and M. Takeuchi,
“Relic neutralino surtace at a 100 TeV collider,” Phys. Rev. D 91, 054015
(2015) dos:10.1103 /PhysRevD.91.054015 |arXiv:1412.4789 |[hep-ph]].

e J. Bramante, A. Delgado, F. Elahi, A. Martin and BO, “Catching sparks
from well-forged neutrinos,” Phys. Rev. D 90, no. 9, 095008 (2014)
dos:10.1103/PhysRevD.90.095008 [arXiv:1408.6530 [hep-ph]].
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Back Up

Benchmark points Point A Point B Point C  Point D
14 -150 GeV  -180 GeV -145 GeV 150 GeV
M, 125 GeV 160 GeV 120 GeV 125 GeV
tan 2 2 10 10
mgo 124.0 GeV 157 GeV 105 GeV 103 GeV
Mg 156.9 GeV 186 GeV 150 GeV 153 GeV
Mo 157.4 GeV 188 GeV 163 GeV 173 GeV
o(pp — X5X3) 394 fb 200 fb 345 fb 287 fb
BR(X3 — X37) 0.0441 0.0028 0.0017 0.0014
BR(X9 — X34+ ¢7) 0.0671 0.0712 0.0702 0.0700
BR(32 — X%7) 0.0024  0.0767  0.0115  0.0102
BR(X3 — X341¢7) 0.0714 0.0613 0.0447 0.0304
a(pp — XoxX3 — YT X3X5) 1297 fb  1.125fb 0.279fb  0.205 fb
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Back Up

@ Scan over all possibilities for each cut (not my)
e Pick cut which maximizes S/v/B

@ Repeat until no gain in significance or each cut has been used

‘small mass splitting’ cuts Cross section [ab) Significance

Cut Signal A Signal B VW~ tty Z/TTy S/B

0) Basic Selection 281 169 5830 18900 24500 5.7x107> (3.4x1077)
1) Njets = 0 181 108 4820 1220 21400 6.6x1073 (3.9x1073)
2) |A¢el,22) < 1.0 118 79.5 580 201 567 8.8x1072 (5.9%1072)
3) 1® Ge:;',f( eT)Tg%)o Sy Gev} 52.4 38.2 033 328 92.2 0.24 (0.17)

4) |Adpp—~| > 1.45 49.9 37.0 65.2 25.0 67.8 0.32 (0.23)

5) 30 GeV < pr ., < 100 GeV 36.9 28.2 36.6 17.2 19.0 0.51 (0.39)

6) ET cuts 26.8 20.2 24.6 3.90 0.00 0.94 (0.71)

7) mgp < 24 GeV 23.3 19.3 9.29 0.00 0.00 2.5 (2.1)

@ Discover ‘A’ with 430 fb~!
@ Discover ‘B’ with 620 fb—!

Bryan Ostdiek

(125 GeV DM particle)
(157 GeV DM particle)
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Back Up

@ Points ‘C" and ‘D’ have larger mass splittings

@ Cuts not as effective

@ More possibility of ‘Alternative Signal’

‘large mass splitting’ cuts Cross section [ab Significance

Cut Signal C Signal D VV~y tty Z/TTY S/B

0) Basic Selection 256 411 5830 18900 24500 5.2x107> (8.3x10?)

1) Njets = 0 157 227 4820 1220 21400 | 5.7x1073 (8.3x1079)

2) |A¢g1,32‘ < 1.05 68.3 109 618 208 608 4.8x1072 (7.6x10™2)
10 GeV < m7(£41) < 100 GeV -2

3) 10 GeV < mr(£y) < 95 GeV 47.9 72.2 389 127 117 7.5x102 (0.11)

4) 8 GeV < ET < 95 GeV 45.8 69.4 375 116 84.1 7.9%102 (0.12)

5) mgy < 39 GeV 42.8 64.0 228 35.9 51.5 0.14 (0.20)

@ Discover ‘C’ with 4300 fb~!
e Discover ‘D’ with 1900 fb—!

Bryan Ostdiek

(105 GeV DM particle)
(103 GeV DM particle)
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