Hunting light-weight and very weakly coupled particles

Babette Dobrich (CERN)

Kitzbiihel 06/16

Run Infos
Run Type Fw_303_T10_33ell

Start Time 2015.11.15 18:40:56.812
End Time 2015.11.15 19:35:52.498
Beam Type

Shift crew Martellotti Piccini

StartRun  Axion run: K12 tax closed. LKr > 1.3 GeV/1. T10 31.7. No
Comment 6K

EndRun End of axion run. NTI threshold scan during run. Last
Comment 10 bursts have special triggers (SOB/EOB) only.

RunNumber Burst # 21

Burst State .
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New physics at low masses,
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New physics at low masses, extremely weak coupling?

Energy,Mass N
/

@ particle physics not complete

@ could be at high energy/mass
(traditional paradigm)

@ could be at low mass and very small
couplings (pragmatic paradigm)

N
Small Coupling
Precision, Intensity
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New physics at low masses, extremely weak coupling?

Energy,Mass

N

7 e particle physics not complete

@ could be at high energy/mass
(traditional paradigm)

@ could be at low mass and very small
couplings (pragmatic paradigm)

@ presentation will just pick
representative examples (biased by
my experience)

N
Small COUpIing Portal ‘m| Operator(s)

Precision, Intensity “Vector” W ~ gt B
Pseudoscalars fialﬂ“,F o Gm,,G " d““yw“q )

“Higgs” Dark scalars (,uS + )\SZ)HTH
“Neutrino” |Sterile neutrinos ynLHN

[from arxiv/1311.0029]
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New physics at low masses, extremely weak coupling?

cleans (detergent!)

0—10

finetuning of ~ 1 @ particle physics not complete

@ could be at high energy/mass
(traditional paradigm)

@ could be at low mass and very small
couplings (pragmatic paradigm)

@ presentation will just pick
representative examples (biased by
my experience)

@ e.g. Axion predicted to explain 6
parameter ~ 0 and (is DM
candidate at same time!)

[Peccei, Quinn, 77; Weinberg, Wilczek, 78]
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New physics at low masses, extremely weak coupling?
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@ interplay of different physics fields
[created through paperscape.org] and dlfferent ScenaI’iOS
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Typical treasure map for weakly-coupled particle hunters

[adapted from 1311.0029] @ mass vs

coupling-to-known:

axion-like to two-v
@ colored is excluded

(except yellow)
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Typical treasure map for weakly-coupled particle hunters

[adapted from 1311.0029]

@ mass vs
coupling-to-known:
axion-like to two-v

Vacuum

@ colored is excluded
(except yellow)

@ interesting regions
(overlap with
nearest searchable
regions..):

e cold Dark
Matter (axion
and ALP)
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Typical treasure map and hunter’s tools

search strategy? (specify to particle & m, g)

Log Coupling [GeV~"]
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Typical treasure map and hunter’s tools

search strategy? (specify to particle & m, g o

Log Coupling [GeV~"]

Vacuum

e.g. astrophysical processes
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Laboratory ‘Light-Through-Walls’

o very weakly interacting: ‘easy’ to get rid of Standard Model
background by a ‘wall’ (albeit a potential signal could arise from
different Beyond-Standard-Model scenarios)

@ depending on mass range, intense photon source of appropriate energy

@ very low mass: laser in Dipole magnet field (virtual photon source):
ALPS experiment at DESY [enret et al Phys. Lett. B 689, 149 (2010)], currently
undergoing upgrade: ALPS-II [Bshre, BD et al. JINST 8, Tos001]

/aboratory/ laboratory

Log Mass [eV]
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Laboratory ‘Light-Through-Walls' I, high masses

fl

Vacuum /
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T ALPS—II eXpeCted I’eaCh 2018 [gain 3 orders of magnitude in sensitivity!]
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Laboratory ‘Light-Through-Walls' I, high masses

< high mass region?
intense photon source?

f
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accelerate charged particles!
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and highly charged particles — fixed target/dump
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Example: ‘Light-Through-Walls' at NA62 at CERN

na62.web.cern.ch/NA62/ o NA62 currently taking data for
measurement of Kt — 7#tui at
CERN SPS (400GeV protons)

1576 (7 km)

ATLAS

BOOSTER

»ion > e » B lentiproton) ~—— /entiproton comversion b 1

> electron

e Hacieon Colider._SPS._Syner Prator
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Example: ‘Light-Through-Walls' at NA62 at CERN

@ NAG62 currently taking data for

measurement of K™ — v at

| @ CERN SPS (400GeV protons)

p+
gor;net @ K™ created by protons on Be,
. : |
-~ o - potentially new physics source!

K+ & more|

o

——————

L
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Example: ‘Light-Through-Walls' at NA62 at CERN

@ NAG62 currently taking data for
measurement of KT — 7w at
CERN SPS (400GeV protons)

0Gev

- P+ @ @ K™ created by protons on Be,
target potentially new physics source!
T56eV @ can run as dump, ‘few’

K+ & more| o p,

background s expected

——————

L
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Example: ‘Light-Through-Walls' at NA62 at CERN

@ NAG62 currently taking data for
measurement of KT — 7Tvi at
CERN SPS (400GeV protons)

@ KT created by protons on Be,
potentially new physics source!

@ can run as dump, ‘few’
background ~s expected

o toy Model: novel sensitivity in 1

10" day (%) (month (xx)) runtime
m, [GeV]
[BD, Jaeckel, Kahlhoefer, Ringwald, Schmidt-Hoberg JHEP 1602, 018]

o ideally parasitic (under study)

cHop
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Treasure map |lI: Dark Photon Dark Matter
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if weakly coupled stuff = DM itself, convert it to visible
(recoil measurement as for WIMPs less feasible)
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Direct Dark Matter search at low-mass

@ shielded microwave resonator
— Haloscope [sikivie s3],

- Uéwié feavity ~ Maxion (With (axions)
or w/o (dark photon) B-field)

@ results by ADMX (phys.Dark Univ. 4,

14-16] but many new efforts (korea

CAPP, ADMX-HF CERN CAST, Munich MPP...)
ADMX Achieved and Projected Sensitivity

Dark Matter laboratory

Cavity Frequency (GHz)
10

Axion Coupling [0y, | (GeV™)

Axion Mass (peV)
= = =
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Direct Dark Matter search at low-mass

10"

Coulomb

@ shielded microwave resonator
— Haloscope [sikivie s3],

E ° nuta:uowed
fen ™ ] fravity ~ Maxion (With (axions)
o ] or w/o (dark photon) B-field)

153 | allowed DM

1 @ results by ADMX (phys.Dark Univ. 4,
R T T T T T
0 AT 0T A e I ety O T 14-16] but many new efforts (korea

Hidden photon mass [eV]
CAPP, ADMX-HF CERN CAST, Munich MPP...)

1

@ broadband-technique
(half-resonator) [Homs et al. JcAP 1304,
o16]: giant mirror in ‘dark room’,
Dark Photon Dark Matter data

taking at KIT

even better:

Dark Photon ‘radio’:
Chaudhuri et al PRD92,0750
Arias et al Eur.Phys.J. C75

FUNK Experiment Collaboration: PoS ICRC2015, 1191 o
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Thank you for your attention!

@ new particles could have ‘small mass’
(below GeV) (if very weakly coupled)

@ presented various non-colider tools:
light through walls with lasers or
particle beams, direct Dark Matter
searches...

@ searches for these particles often make
use of existing infrastructure (of very
different kinds)

@ selection of results upcoming, stay

|
Life in the ~hidden sector ... tuned!

| cordially acknowledge my past and present collaborators
from ALPS-II at DESY, from NA62 at CERN, from FUNK at KIT, and phenomenologists all over the place
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