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Prediction is difficull, especially about
the future

~Neils Bohr




LHC: a pp machine going to 14 TeV,
L~300-3000/fb

TLEP: a e*e machine going to ~350 GeV,
L~100-1000/fb

LEP: a e"e- machine going to ~200 GeV,
L~10-100/pb
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TLEP: a e*e- machine going to ~350 GeV,
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TLEP: a e*e- machine going to ~350 GeV,
L~100-1000/fb

in *

LEP: a e"e- machine going to ~200 GeV,
L~10-100/pb
*this would be embarrassing




Couplings
New states coupled only to leptons

Direct constraints from LEP
Indirect constraints from precision leptonic observables

o 1071 e
m 4N —
n U — 0—2 -

Plenty of room for something new

Z’, extra Higgses, dark sector, neutrino sector
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Z’
Easy to add a new U(1)’

Introduce a new vector and a Higgs:Z/,¢

Couplings to SM fields!?

Flavour universal couplings: anomalies, new heavy chiral
fermions, non-standard representations

Flavour non-universal couplings: complicates Yukawa

textures, makes some couplings non-renormalizable, forbids
CKM entries
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Effective Z’ approach

Leave the SM as intact as possible

L = £SM + L:Z’,gb =+ L:higher dim. )“H|2|¢|2

e

]\Cjz (G’ )(@*Dyup) O g’ ]\Cj; (@7"d?) (9" Z,,9)

SM “effectively” charged under U(1)’
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Effective Z’ approach

Only add vector-like matter in SM reps.
Which reps. determine which ¢-kawaallowed

¢
*Effective coupling g.;r < ¢

*Only one linear combination
SM leptons mix withf. Rank
of ¢, determined by # of L
*Heavy leptons predicted at
scale < 4nMyi/gess
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(Toy) UV Model

LD —pQ" — yopql)”

New “¢p-kawa” coupling mixes states ing— _ Ui9)

~

() = cos 0() + sin Oq g = —sinA() + cos fq

Generates effective Z' coupling for SM quark
QDA O ¢ sin” 07Z,47"q
1

Yeff
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(Toy) UV Model

heavy quark, - |

SM quark, 0

\ /
LD —pQQ" — nyQC

/ breaks U(l)’, +1

heavy quark, +|

New “¢p-kawa” coupling mixes states ing— _ Ui9)

~

() = cos 0() + sin Oq g = —sinA() + cos fq

Generates effective Z' coupling for SM quark
QDA O ¢ sin” 07Z,47"q
1

Yeff
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Astrophysics anomalies
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Positron excess but no antiproton excess

Kinematics--light mediators!?
or dynamics-- leptophilic DM?
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Astrophysics anomalies
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Collider bounds on leptophilic DM
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Collider bounds on leptophilic DM

D, — (X5 x) (€t 50)
A= A2 :
(x€)(Lx)

Op = 225

500 - ,

N
-}
-}

Cutoff scale A [GeV]

350 DELPHI 650 pb™! T

"|[] DELPHIMC

250 |i....i our MC

[\
o
-

[E—
()
-

Events / 650 pb™!

DTyl 90% C.L.

WIMP mass m, [GeV]

Thursday, 25 July 13



Reg3 (ULTRACLEAN), E, =129.6 GeV

' ' | ' ' | ' ' ' |
40 | Signal counts: 53.4 (4.260) 80.5 - 208.5 GeV |

Gamma-ray line from the o] e s

(approximate) centre of the °
galaxy, E~130 GeV

Rate is high ~10-%cm3s’! :
X \‘\‘\‘\‘\17 E [GeV]
><'F
X 1/'/"'4,7
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Fermi line [Weniger]

Reg3 (ULTRACLEAN), E, =129.6 GeV

' ' | ' ' | ' ' ' |
40 | Signal counts: 53.4 (4.260) 80.5 - 208.5 GeV |

Gamma-ray line from the o] e s

(approximate) centre of the
galaxy, E~130 GeV

Counts

Rate is high ~10-%’cm?s’!

Counts - Model
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<

", New light charged states
Ny

=
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Fermi line

Fermionic DM
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A probe to very high scales?
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[Degrassi et al:
1205.6497]

In SM Higgs quartic becomes negative, universe unstable?
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A probe to very high scales?
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A probe to very high scales?
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Higgs physics

| | | |
ATLAS Preliminary

W,ZH — bb

Vs =7 TeV: [Ldt=4.7 fb"

Vs=8TeV: [Ldt=13fb"

H— 1t
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\s = 8TerLdt 13fb1

H—ww" - v

\s=7TeV: [Ldt=4.61b"
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H— vy
\s=7TeV: [Ldt=4.81b"
\s= 8TerLdt 20.7 b

H— zz" - 4l
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Combined
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Higgs physics

ATLAS Preliminary (Simulation)

/s = 14 TeV: [Ldt=300 b ; [Ldt=3000 fb"
[Ldt=3800 b extrapolated from 7+8 TeV

O 02 04 06 0.8
A(FX/FY) A(KX/KY)

FX/FY KX/KY

TLEP design study

my (MeV) 7

Al'w / T'y 1.3%
Al'iny / T'H 0.15%
Aghyy / Hyy 1.4%
Aghgg / 8Hag 0.7%
Agwa / SHww 0.25%
Aguzz / 8Hzz 0.2%
AgHyy / Huu 7%
Aan / SHrr 0.4%
Achc / ZHcc 0.65%
Aghbb / EHbb 0.22%

Thursday, 25 July 13



Higgs portal

The Higgs is narrow, so small couplings to NP can be
Important

L= gaQ\H\Q
For c~0.02 A — aa is comparable to b-quark BR.

Depending on decays this BR may be very hard to see at
LHC

h — aa — 4g

£
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Rare Higgs Decays

[Harnik, Kopp, Zupan:1209.1397]

Higher dimension operators can lead to flavour violating
Higgs decays

/

N
ALy = —A—g(fog)H(HTH) +he A+

e.g. h — ue, utr, et
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Higgs physics

| | | |
ATLAS Preliminary

W,ZH — bb

Vs=7TeV: [Ldt=4.7fb"
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u=1.30=+=0.20

| -o-

-1 0 +1

Signal strength (u)

New physics in loops, coupled
to Higgs and photons

e.g. light staus, 2HDM
(Type |, works best)
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Higgs physics
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Higgs physics

| | | | | | | . .
ATLAS Preliminary n-=sev | New physics in loops, coupled
W,Z H — bb .
g e —— | to Higgs and photons
H— 5
\s=7 TeE:l}Ldt =46fb" ._'
Vs=8TeV: [Ldt=13fb"
H— WW" — vlv - P ;
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Vs =8 TeV: [Ldt =20.7 fb”
H— : - _
R S pos CMS Preliminary m,=125.7 GeV
Vs=8TeV: [Ldt=20.7fb" : p_ . = 0.65
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Combined u=1.30+0.20 n=115%+0.62 :
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Supersymmetry

Reasonable SUSY models can be hard to see (invisible?) at
the LHC

*Light sleptons, electroweakinos, but coloured states
heavy?--Only LEP bounds for sleptons

*Compressed spectra--makes jets soft
*RPV--removes MET signal

*Light stops, with nearly degenerate neutralino

Can they be made visible at TLEP?
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LHC: a pp machine going to 14 TeV,
L~300-3000/fb

TLEP: a e*e machine going to ~350 GeV,
L~100-1000/fb

LEP: a e"e- machine going to ~200 GeV,
L~10-100/pb
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VHE-LHC: a pp machine going to 100
TeV, L~300-3000/fb

LHC:a pp machine going to 14 TeV,
L~300-3000/fb

TLEP: a e*e machine going to ~350 GeV,
L~100-1000/fb

LEP: a e"e- machine going to ~200 GeV,
L~10-100/pb




VHE LHE: ath e gins V00
Ee‘éd(r-?g ofRP0/fb

TLEP: a e*e machine going to ~350 GeV,
L~100-1000/fb

LEP: a e"e- machine going to ~200 GeV,
L~10-100/pb




Dijet resonance
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