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New proposal:
"New Physics at the LHC”

Tsinghua University:
Wang Qing, Kuang YuPing, Zhang Bin + 3 students

IPN Lyon:

G.Cacciapaglia, A.Deandrea, L.Panizzi + 2 students

The complementarity between the two groups
will allow us to study:
signals of New Physics at the LHC (model dependent and independent);

new physics using the chiral lagrangian technique: Higgsless models,
extra dimensions...



Example: a new scenario of Dark Matter
in 6 dimensions.

XDimensions are a versatile tool, many models have been proposed:
Gauge-Higgs unification, Higgsless models,
GUTs, composite Higgs, technicolour, QCD...

New DM candidate: KK parity makes lightest resonance stable.
Is it "natural” or ad-hoc? Is it generic in XD models?

@ Its not generically the case: interesting models do not have it!

@ we found a unique "natural” scenario in 6 dimensions where the
symmetry is a direct consequence of the compactification!

arXiv:0907.4993
G.C., A.Deandrea, J.Llodra-Perez
work in progress with
J.Llodra-Perez, B.Kubik, L.Panizzi



Intro to XD: a scalar field

Action for a massless scalar:

2%
S = / dxs 0,¢T0" ¢ — 050" 059
0

The equation of motion [p2 =+ 8?] ¢(p, £ZZ‘5) = ()
is solved by ¢ p, $5 L f(k) L5 Cb(k)( )
J(r) B il st

Note that under x5 -> -x5, cos -> + cos while sin -> -sin!
Also, k=0 only allowed for cos!



KK parity is not natural!
The typical situation is:

@ We start from, say, 1 compact
XD...



KK parity is not natural!
The typical situation is:

@ We start from, say, 1 compact
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@& We orbifold to obtain chiral
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Fixed points!



KK parity is not natural!
The typical situation is:

@ We start from, say, 1 compact
n/2 XD...

@ We orbifold to obtain chiral
- fermions...

@ We impose a discrete parity:
Kaluza-Klein parity!

The KK parity is added ad hoc,

it requires to identify two DIFFERENT
fixed points!




Orbifold without fixed points:

@ In 2D there are 17 orbifolds (discrete symmetries of the plane)...

@ of which only 1 does not have fixed points/lines and is chiral:

Real projective plane
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The real projective plane

peg.— a1 = L

B T st 14

L6 Y — 46

KK parity is an exact symmeiry
of the space!
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Spectrum of the SM on the RPP
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Splittings I: loops

@ Generic loop contributions can be written as:

II =11 7 +py llg +p, IR + pyp, Ll

o For gauge scalars, tier (I,O): Log divergence!
g”
oM e P —79Ts + 14¢(3) + m°n°L + ... ] ,
2
g
dmiy = A |—39T + 70¢(3) + 177°n°L + ... ]
2
Js
Qg Ty |—36T5 + 84¢(3) + 247*n°L + ... ] .

@ Divergence localized on singular points and proportional to the
tier mass!

Calculation in progress by

0 |
e Propor’rlonal fo the KK mass scale! J.Llodra-Perez, B.Kubik and L.Panizzi



Splittings II: Higgs VEV

@ The Higgs VEV does not mix tiers (v is constant!)
@ At level (0,0), we obtain the Standard Model!

® For massive tiers:

Mgy = (b7 + I5)mg g +mp

@ Mixing angle in the neutral gauge boson sector (A-Z): smaller than the
Weinberg mixing angle!

1773 Bn)( 5m%v+mf/2v Q—tanﬁv;/mévQ )(W;f)
—tan Oy mi, O0mp + tan® Opmsy,



Splittings II: Higgs VEV

| iR 20
@ The HiggS VEV does y / drsdrg |’DH|2 = / drsdxe 777,%[/1/[/2
0 0
@ At level (0,0), we ob

| = Z m%VW,f’l
@ For massive tiers: Ll

M,y = (k% + 1°)mi g +mg

@ Mixing angle in the neutral gauge boson sector (A-Z): smaller than the
Weinberg mixing angle!

7773 Bn)( 5m€v—|—m%,2v ;tan@vgmf/v2 ><W;§>
—tan Oy miy,  Odmp + tan® Oymiy,



Phenomenology: interactions I

@ Bulk interactions: same as SM couplings, conservation of XD

momentum!
(¥0)) \
/ (k+1,0) or (Ik-1,0)
(1,0)

@ Only pair production off SM states is allowed!
e (00)i=. (20} +£20)

® Phase-space suppressed decays:

e (2O 0+ (1,0)
(2,0) = (2,0) + (0,0)



Phenomenology: interactions I

@ Pair production rates are large:

Thanks to Bogna Kubik-Deriaz

Preliminary!
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Phenomenology: interactions II

@ Loop interactions: suppressed, but less constrained.

@ Single production and decays

(X0))
\
(0.0) /

} (2,0)

e #(2,0) = 10,00+ (00)

Calculation in progress by J.Llodra-Perez



Phenomenology at the LHC:
tiers (2,0) and (0,2)

o Decay in pair of SM particles (via vertices at 1-loop)

@ Small splittings: suppressed or forbidden decays in pair of (1,0)

W(ZIO)'Z(Z'O) =% I(LO) I(LO) Preferred range
'|'OP(2,0) -> Wauo bao by DM

go) => quo) quo) gluon

i
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Phenomenology at the LHC:
tiers (2,0) and (0,2)

@ Decay in pair of SM particles (via vertices at 1-loop)

@ Small splittings: suppressed or forbidden decays in pair of (1,0)

Z_(Q,O) [ ] Z_Z(Q’O) . l_l V
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Phenomenology at the LHC:
(2,0)-(0,2) degenerate case

@ loop induced mixing cannot be neglected: one heavier state, and a
lighter (cut-off independent) one

@ More (1,0)-(1,0) channels are open
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Conclusions and outlook

There is a unique 6D scenario with “natural” KK Dark Matter:
interesting phenomenology!

Small splittings make detection of lightest tier challenging: need
boost to see!

Tiers (1,1) and (2,0) decay to SM particles: nice resonances, but no
MET! Interesting degenerate case.

Tier (2,1) decays in (1,0) + (0,0): SM + MET!

We implemented the model in FeynRules: easy interface with
calcHep, Madgraph, FeynArt...






Example: a scalar field

Action for a massless scalar:
27
S= [ drsdeg 0,606 — 0561056 — 0a1 04
0
The equation of motion [p2 -1 (9? —+ 8§]¢(p, G 5176) =18

is solved by  )(p, x5, Tg) = L f(k,z)(%, ) ¢(k,l)(p)
k,l

with: [ cos(kzs

foe (@5, %6) = 4




Example: a scalar field

The parity of the field selects the solutions!

" cos(kxs) cos(lxe) + P P
) cos(kzs) sin(lxg) - ~pi P
f) (@5, T6) = < sin(kxs) cos(lxg) - P P
g Sin(k335) SiIl(lCI?6) + - Pkl Pk.!
pk,l. il (_1)k—|—l
Rotation: { IR
LG T g
: Ln vy L 1T
KK ;
parity { T e

375%5654—7'('
Lot I

Glide: {



Gauge bosons

1 1

27
Sgauge = / dzs dze {—ZFaﬁFQB ST (0, A* — £(05 45 + 36146))2}
0

gauge fixing ferm

After solving the Equations of Motion,
and imposing orbifold parities [u = (++4), 5 = (-+), 6 = (--)]
the spectrum is:

prx = (1) Mg,y = Vk? + 17
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(Do | | Lcoskzsooslay | b sinkssooslay | - b coska
(FDcrsoas | = | Lsinkassinlay | -l ok sinla,




Splittings III: localized operators

@ Can add kinetic terms on the two singular points:

% (6(x5)d(xg) + 0(x5 — w)d(zg — 7))

T

1 A 2

(85 As — 36A5)2)
5 (6(z5)d(xg — ) + 6(z5 — m)d(2g))

Vectors: Scalars::

. yASR
m. ) = Vk? + 12 (1 — 2k +)

42 A2

Note: remove degeneracy between (k,1) and (l,k)!

Small and arbitrary corrections: neglect for now!



Relic abundance

200 < mKK < 400 GeV



Phenomenology at the LHC:
tiers (1,0) and (0,1)

@ Small splittings make detection of lightest tier challenging:
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