/777 INSTITUT FUR

THEORETISCHE PHYSIK

Heidelberg
University

\. Goodsell*, S. Gardiner ,
ndoX, A. Ringwald*, S



/77;INSTITUTFUR
THEORETISCHE PHYSIK
He d Ib erg
rsity

Where we want to go...

Un

The Standard Model The Hidden Sector

+

Beyond the SM
(directly acce
to_colliders)
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Explor'ing iS (at least) 2 dimensional THEORETISCHE PHYSIK

Energy,Mass

Precision,
_ DM Laser+ss Intensity,

Small coupling




Physics beyond the
Standard Model
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Hints for new Physics
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UglyneSS Of Old models THEORETISCHE PHYSIK

+ The Standard Model has many free
parameters: O(30)

* Naturalness problems. Finetuning.

Examples:
Higgs mass, 6-angle (strong CP-problem)
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A dir""y Ii'l""le Secr'e‘l'. .. THEORETISCHE PHYSIK

1
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+ The 6-term is CP violating!
+ Connected to strong interactions!
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Neutron electric dipole moment TEORTHCEASK

+ 6 would cause neutron EDM mmmp Experiment
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‘ Measure transition frequency.
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No neutron electric dipole moment... [

\cfi < 3107 *%c em
=310 e fm
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No neutron electric dipole moment... [

d| < 310~ *%c cm
— 310 e fm <=z

‘ Very unnaturall
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UglyneSS Of Old models THEORETISCHE PHYSIK

+ The Standard Model has many free
parameters: O(30)

* Naturalness problems. Finetuning.

Examples:
Higgs mass, 6-angle (strong CP-problem)

» Gravity separate, i.e. not unified.
* (Probably) Breaks down at a finite energy

scale
Landau poles etc.
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Unex plal ned Stuff THEORETISCHEPHYSK

- Dark Matter (25%)
(astrophysical + cosmological observations)

* Dark Energy (70%)
(astrophysical + cosmological observations)

* Mass Hierarchies
(colliders, neutrino exp, etc)

+ Small parameters (6-angle, again)
(neutron electric dipole measurements)
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BSM PhYSI CS @ Work THEORETISCHEPHYSIK

* (g-2), deviations from SM prediction

- DAMA anomaly
+ CoGeNT eftc.

- PAMELA observation

- WMAP observes extra “neutrinos”



Hints for new Physics

2

Top-down
- (theory)

‘ Fix problem Go back to drawing board
here and now’ " Start from scratch’



TP INSTITUT FCR

The S1'r'0ng CP pr'oblem: Axions THEORETISCHE PHYSIK

* Introduce new Peccei-Quinn symmeitry to
solve naturalness problem

* Predict as a consequence a new particle:

(it's a Weakly Interacting Sub-eV Particle)

|

Dark matter candidate

'



Hints for new Physics

2

Top-down
- (theory)
. g




Exploring fundamental high energy physics...
+ The direct approach: MORE POWER

LHC, Tevatron + ILC,CLIC

+ Detects most things within energy range
+ E.g. may find SUSY particles, WIMPs etc.
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B u.'. * " THEORETISCHE PHYSIK

- May miss very weakly interacting matter
(Axions, WIMPs, WISPs..)

» Current maximal energy few TeV

- Man its DANGEROUS...
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B u 1- . THEORETISCHE PHYSIK
* May miss very weakly interacting matter:

, (Axions, WIMPs, WISPs..)
* Current maximal energy few TeV

* Or much much more horrifying:



Complementary approaches
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Light shining through walls

“Light shining through a wall”
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Light shining through walls

“Light shining through a wall”

X
——@\VWW- Y

De‘l'ecfr'
1/s

* Enormous precision!
+ Study extremely weak couplings!
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Photons coming through the wall

* It could be Axion(-like particle)s!

.
- Coupling to t L —al'F ~ —aE-B
oupling to two photons Ma Ma
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nghT Shmmg Thr'ough Walls THEORETISCHE PHYSIK

* A lot of activity
- ALPS
- BMV
- Gamme (&L
- LIPPS

Calibration diode

. Plunger
Tevatron magnet (6m)

Monitor sensor

Injector
Superconducting rf linac 3

UV wiggler
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Sma" Coupling, Small mass THEORETISCHEPHYSK

o

g
CAST .||II||“|I

SUMICO

m\ll\ \

Axionband
|||u|||J|l| -

6 9

;‘_'
&
.’h
'
50
30
&
—_

Log,, my[eV]




/—777 INSTITUT F(R
THEORETISCHE PHYSIK
Heidelberg

Helioscopes

CAST@CERN
SUMICO@Tokyo

SHIPS@Hamburg
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Perfect for astronomy in bad weather THORTICHEFS

y

\ &

This isn't Dark natter,
T just forgot to take off the lens caf
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WISPS=Weakly interacting sub-eV particles

« AXions

* Massive hidden photons
(without B-field)
=analog v-oscillations

+ Hidden photon + ‘

miniChOr‘ged par"riC|e Y B v L
(MCP)

oY
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LSW already competitive + testing interesting area

Hidden Photons

o Jupiter Earth

Coulomb

)
g
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Hints for new Physics



HOPEf or light particles?

WARRANTED AT




HOPE\for light particles?
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C 0 i nc i d ences ? THEORETISCHE PHYSIK

- Neutrino masses:

m, ~ meV

+ Scale of dark energy:

4
pA ~ (meV)
* Energy density of the Universe:

Ptoday ™ (meV) :
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LSW already competitive + testing interesting area

Hidden Photons
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High Scale

v

Small Coupling
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Example . AXion COUPI |ng THEORETISCHE PHYSIK

+ Effective higher dimensional coupling

A I/ -~
» Small coupling for axion scale:
Y
small -

77 g,
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Huge sca|e> > LHC Ener‘gyl THEORETISCHE PHYSIK
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High Scale

4

Small Mass
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Example: AXion See-Sqw THEORETISCHE PHYSIK

- The axion mass is small, too!

Small m
m \m N ’}Tf’ﬂ'

) Ja
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Example: AXion See-Sqw THEORETISCHE PHYSIK

- The axion mass is small, too!

Small m
m \m N ’}Tf’ﬂ'

) Ja




TP INSTITUT FCR

Example: AXiOﬂ See-Saw THEORETISCHE PHYSIK

- The axion mass is small, too!

My [

Ja

my ~
1019 GeV
~ (0.0 meV

/ Ja

Sub-eV mass




Large Scale but light!
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Hints for new Physics

2

Bottom-up
(pheno)

Go back to drawing board
" Start from scratch’



WISPs

from

String Theory
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S"'rl i ng Theo rly THEORETISCHE PHYSIK

+ Attempt to unify SM with gravity
* New concept: strings instead of point particles



Axion(-like particles)
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String theory: Moduli and Axions

+ String theory needs Extra Dimensions

v

Must compactify

+ Shape and size deformations
correspond to fields:

Connected to the fundamental
scale, here string scale

'




Axion (like particles): Where are we?
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Axion (like particles): Where are we?
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Hidden Photons
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String theory likes extra gauge groups BT

Heidelberg
University

‘ Many extra U(1)s!
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Hidden by weakness

Orientifold plane

Hidden hyperweak U(1)

hid = Volume®

27 qs M2\"*
— ~ = |
(3) <

Visible U(1)

Small cycle
for volume
stabilization

GvisGhid 27795 iMSQ

XN ~/ ~/

167+ Volume®/? M¢
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Hidden Photons, all over the place

Stiickelberg
anisotropic .
<10’ <10° Wo<103 l anigK'K

Hidden Higgs (my;, ~m.)

-18 -15 -12 -9 -6 -3 0 3 6 9 12 15
Log,,my[eV]



Hints for new Physics

<

$
BO"""Om = Llp ”

(pheno)
$

New, cool



) INSTITUT FOR
/77 THEORETISCHE PHYSIK

Hidden Photons: Back to Experiment

o mmmagll!

Stuckelberg
anisotropic

<107 <10° Wp<l0® [

Log,,x

Hidden Higgs (my;, ~m.)
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Secret door



Dark Matter(s)
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(includes non-minimal coupling to gravity (R/ 12)X X wo)

- H >> m.+ 9 overdamped
oscillator

+ H < m~/ 9 damped
oscillator
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Hidden Photon Dark Matter

1
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o 7p INSTITUT FOR
Use a plentiful source of HPs

* Photon Regeneration

s s
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Signal: Total energy of hidden photon

RF AE/E ~10-17
Receiver > <
Power AE/E ~ 1075
‘ -
>. |
A .- ; e ’
V Frequency
_'V ~ 10_6 Maxion (energy)
n ‘_
LA "k-, A A

Frequency (GHz)

hy = 771@(:2[1 + O(f)’z ~ 10_6)]

Virial velocity
in galaxy halo!
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Electricity from Dark Matter :-). S

U

* Photon Regeneration
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An extremely sensitive probelll TR ISK
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Broadband
Search Strategy



Dark Matter Antenna

Antenna converts HP->photon

Radiation concentrated in center

Detector

Solar
Lifetime

Probes here;
very sensitivell

o)
2
3
o
S

(]

L
9
s
@
E
o
<}
o
<
o

S
)
w

Logomy[eV]



/77) INSTITUT FUR

Wor'ks Q|SO for' a)(ion-like par"ricles THEORETISCHEPHYSK
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Tests new area
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Conclusions
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CO"CIUSi ons THEORETISCHE PHYSIK

Good Physics Case for Axions and WISPs

mmp explore °

Low energy experiments test energy scales
much higher than accelerators

» Complementar‘yl The Standard Model The Hidden Sector

Beyond the SM _——~

(accessible fo CO”ldet‘S)
p < Herebe Dragons

May provide information on
hidden sectors and thereby
info the underlying
fundamental theory

Dark Matter may be WISPy ©



. Hiddes

cover th



Something to Revive?!?



Test for hidden photons and MCPs
* WISPs modify Coulomb’s law

+ Hidden photons:

* Minicharged
particles

2

ae” exp(—2mr)

4T (mr)e
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Cavendish Experiments ERETSCEFSK

Charged with Q

uncharged

Measure Voltage
=0 for exact Coulomb
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QU ite sensitive THEORETICHEPHYSK

dep |y 3s) EW

Jupiter

Coulomb

e
g
Y

Y.

-3

Log,,my[eV]

+ Best experiment 40 years old!!!!



Dark Matter(s)
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(includes non-minimal coupling to gravity (R/ 12)X X wo)

- H >> m.+ 9 overdamped
oscillator

+ H < m~/ 9 damped
oscillator
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Hidden Photon Dark Matter
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o 7p INSTITUT FOR
Use a plentiful source of HPs

* Photon Regeneration

s s



== INSTITUT FUR
17 THEORETISCHE PHYSIK

Signal: Total energy of hidden photon

RF AE/E ~10-17
Receiver

Power AE/E ~ 1078
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Virial velocity
in galaxy halo!
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Electricity from Dark Matter :-). S

U

* Photon Regeneration
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An extremely sensitive probelll TR ISK
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Broadband
Search Strategy



Dark Matter Antenna

Antenna converts HP->photon

Radiation concentrated in center

Detector

Solar
Lifetime

Probes here;
very sensitivell
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Wor'ks Q|SO for' a)(ion-like par"ricles THEORETISCHEPHYSK
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Tests new area
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Good Physics Case for Axions and WISPs

mmp explore °

Low energy experiments test energy scales
much higher than accelerators

» Complementar‘yl The Standard Model The Hidden Sector

Beyond the SM _——~

(accessible fo CO”ldet‘S)
p < Herebe Dragons

May provide information on
hidden sectors and thereby
info the underlying
fundamental theory

Dark Matter may be WISPy ©
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