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Kaluza Klein dark matter
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Preliminary commen ts I

Supersymmetry is a great thing

it 1Is motiv ated

dark matter
MSSM has a lot of parameters

If and when the LHC discovers new physics, how do we know
it is really supersymmetry?
Exp.: \Don't bother me now, we'll worry about this when the
time comes..."
Th.: \Be serious, what elsecan it be?"
FP: \If it quacks like SUSY, if it walks like SUSY, if it looks
like SUSY, then it is probably SUSY!"

but...
JF: If it quacks like a pion (charm), then it is ... a muon (tau)!
and, by the way,

What about bosonic supersymmetry? Cheng,KM,Schmaltz
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Sup ersymmetry
l.e. fermionic extra dimensions

Supersymmetry is an extra dimension theory with new
anticommuting coordinates

(x;)= x)+ ) +F(Xx)
If are the SM fermions, are their superpartners
(sfermions) with
spins di ering by 1/2
identical couplings

unknown masses

Discovering new particles with those properties IS discovering

supersymmetry
R-parity consenation =) stable LSP.

Neutral LSP (neutralinos) =) SUSY WIMPs.

Bosonic Supersymmetry Konstantin ~ Matchev, University of Florida - 4

€&

%



&

Bosonic Supersymmetry Konstantin ~ Matchev, University of Florida - 5 @

Bosonic supersymmetry ,
l.e. bosonic extra dimensions, UED

App elquist, Cheng, Dobrescu, hep-ph/0012100

Universal Extra Dimensionsis an extra dimension theory with
new bosonic coordinates y (spanning a circle of radius R):

X
(x3y)= (x)+ "(x )cogny=R) + "(x )sin(ny=R)

i=1
If isaSM eld, " and " are KK partners with
identical spins
identical couplings
unknown massesof order n=R

Discovering new particles with those properties IS discovering
extra dimensions

Consenation of K K -parity ( 1)* =) stable LKP.
Neutral LKP (B') =) Kaluza-Klein WIMP .

%



Tree Level Mass Spectrum I

The tree-level spectrum is extremely degenerate:
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n R 0
Cheng, KM, Sdimaltz, hep-ph/0204342
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The radiativ e corrections are crucial for phenomenology e.g.

e ! 1607

m
Me, (M, +me) R? Rel R '10 °

Lots of stable (charged, colored) heavy particles...
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Radiativ e corrections to KK masses .

If 5d Lorentz invariance were exact, the KK masseswould be
xed by the dispersion relation

E=p+piemi=p o+ mg
and the KK masssplittings would only depend on the myg's.
\Bulk" radiativ e corrections: 5d Lorentz invariance is broken

at long distances by the compacti cation, loops wrapping around
the extra dimension nd out about this:

The corrections are nite and scalewith R 1.

m, R 1

No loss of predictiv e power! (yet...)
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\Boundary" radiativ e corrections I

There can be local interactions on the orbifold boundaries
which also break 5d Lorentz invariance. In fact, such localized
interactions are always generated at one loop, for example

Georgi, Grant, Hailu hep-ph/0012379

(xs)+ (Xxs R)

Ga( ) F?

The corresponding corrections to the KK massesare

proportional to & and log enhanced:

2

Mp mp In —

The \b oundary" corrections are larger than the \bulk"
corrections and involve many new parameters...
What about predictivit y???

The usual approach: parameterize our ignorance.

MUEDs (M U E D S).
the boundary terms vanish at the scale .
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Bosonic supersymmetry spectrum I

Including radiativ e corrections, the mass spectrum of

level 1 KK modeslooks something lik e this:
Cheng, KM, Sdimaltz, hep-ph/0204342
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Mimics (fermionic) supersymmetry!

Seemsdi cult to discover at the LHC, but...

W, , Z1 have pure leptonic branchings!

sin 3, 0=) ' B! similar to B in SUSY.
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The KK Weinberg Angle I

Mass matrix for the neutral gauge bosons

B+ FGIVC+ "mp, 06V’
Loigv? 1+ tgdvi+ "md,
The Weinberg angle , at KK level n
At tree level: the samefor all n
At one loop: decreasingwith n, much smaller than .
Cheng, KM, Sdwmaltz, hep-ph/0204342
0 —

tree—level, any n
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Level 1 Spectroscop y I

Allo wed dominant transitions

g

KK gluon: B(g1! QiQo)' B(g1! i)' 0:5.
Singlet KK quarks: preferentially q! 10
Doublet KK quarks:

B(Q:! W; Qp) 65% B(Qi! ZiQo) 33%

KK W - and Z-bosons: only leptonic decays!
KK leptons: 100% directly to the LKP.

We want: strong production, weak decays!
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Bosonic supersymmetry discovery reach
at the Tevatron and LHC

Discovery reach in the Q1:Q1! 4 Et channel.

Cheng, KM, Sdmaltz, hep-ph/0205314
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Typical signatures include:
soft leptons, soft jets, not a lot of E+

a lot of missing mass (LHC can't measureit)
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Bosonic or fermionic supersymmetry?

Can you tell SUSY from UED?

Yes. Tenth Conferenceon String Phenomenologyin 2011.
J.Ellis hep-ph/0208109

Look for the higher KK levels, e.g. KK gluon at level 2.

Single production of KK level 2 is suppressed(involves
KK-n umber violating couplings).

q o] q 07) q q
g2 02 02

55% 35% 10%

g2 appearsa high massdijet resonance. Coloron? Z'?

Pair production? Typically the rate is too small.
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Looking for KK level 2 I

Z, appearspromising: Z»>! Qi1Qi and Z»>! Q2Qq are closed.

N AN

Lots of hard leptons? No! Z> ! QoQo wins over Z> ! "¢ o.

Z» branching fractions:
Datta,Kong,KM preliminary
2.00 R D D

-1_
1.00 | Z2~QoQ0 R =500 GeV .
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Z» also a high massdijet resonance. Coloron? Z'? g»?
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Looking for KK level 2 I

o appears most promising. All ! fafgand ! fif;
decays are closed. Every , decay dumps a lot of energy.

» branching fractions:
Datta,Kong,KM (preliminary)
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» also a high massdijet resonance.Coloron? Z'? g2? Z2?

In all casesthe natural width is negligible compared to the
detector dijet massresolution.
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Datta,Kong,KM (preliminary)

UED phenomenology: Lepton colliders I

We implemented the UED model in COMPHEP .
Comparativ e study of SUSY and UED at LCs under way.
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Bosonic vs fermionic extra dimensions .

The spin information is encoded in the angular distributions!

Compare SUSY and UED fore'e ! | ;:
Datta,Kong,KM (preliminary)
0.0125 I T T T T ‘ T T T T ‘ T T T T ‘ T T T T ]
- Rinv = 500 GeV, sqrt(s) = 3 TeV 1
0.0100 ——  UED with ISR correction —
r — SUSY with ISR correction b
:E L
£ 0.0075—
S I
73 B
o]
O L il
T 0.0050 — —
b = -
o] L J
0.0025 — —
e"e™>(2,7,Z5.Bs)»u "B, B,
1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1

1.0

Signi cant di erence in the total cross-sectionas well!
The massescan be extracted from the E distribution.

Threshold scanwould conrm the spins.
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Kaluza-Klein dark matter '

Relic density: G.Servant, T.T ait, hep-ph/0206071
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Unlik e supersymmetry: no helicity suppression

,  1.0410° Gev ' x¢ _ Mk«
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Unlik e supersymmetry: coannihilation lowers the bound
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KK WIMP Direct Detection .

As usual, spin-dependert and spin-independert cross-sections.
Cheng, Feng, KM, hep-ph/0207125
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The signals are enhanced near the s-channel resonance:
(Mg mga) 2. Unnatural in SUSY, guaranteed here.
Cheng, Feng, KM, hep-ph/0207125
Servant, Tait, hep-ph/0209262
Majumdar, hep-ph/0209277

Constructiv e interference: lower bound!
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KK WIMP Indirect Detection: Positrons

Annihilation into fermion pairs is not helicity suppressed.
B(B'B'! e"e )= 20%

There is a bump! The positrons are monoenergetic at birth.
Some smearing from propagation through the galaxy.

Cheng, Feng, KM,

hep-ph/0207125
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A smoking gun signal!
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KK WIMP Indirect Detection: Neutrinos

Cheng, Feng, KM, hep-ph/0207125
Seweral channels: T T tt, bb, cc, hh...

Discovery reach of neutrino telescopes: including hadronic nal
states and neutrino oscillations
Hooper, Kribs hep-ph/0208261
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Summary and Outlo ok I

The UEDs have interesting phenomenology which for a long
time went unnoticed.

The radiativ e corrections to the KK mass spectrum drastically
change the phenomenology (discovery signals))

Collider phenomenology{ similar to supersymmetry with
degeneratespectrum and a stable Bino LSP

motiv ation for studying \degenerate" supersymmetry
a strawman model for comparing against SUSY

Both UED and MSSM are now fully implemented in COMPHEP
and can be studied side by side.

The LKP is a good dark matter candidate and o ers excellernt
opportunities for detection.

Bosonic versus fermionic supersymmetry? The role of
astroparticle physics experiments.
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