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Fundamental cosmological backgrounds
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Fundamental cosmological backgrounds

STARGAZING LIVE THE UNIVERSE THROUGH TIME
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very weak backgrounds, of fundamental origin, permeate the Universe...
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To-be-detected fundamental backgrounds

Neutrinos (Standard Model + Beyond SM portal)
<nown but puzzling particles
Produced In nuclear reactions (astrophysical dense objects/ early Universe)

OPEN QUESTI®NS [t's mass (why so light?)/ nature/ why their family structure/
| new interactions/messengers of early cosmological times

Gravitational waves (SM + BSM) Ve
Ripples of space time so far detected only in a narrow band (~100 Hz)

Universally produced in all energetic events (e.g. dark universe)

what happens at other frequencies?/ will we detect GWs
from early Universe”?/ new events beyond SM?

OPEN QUESTITNS

Dark matter (BSM)

Leading explanation of lots of astrophysical data.
Permeates the Universe, in particular your laboratory.

its direct detection
its mass/ its nature (wave, particle, compact object)/ interact.

OPEN QUESTITINS




Connection to your laboratory

How can | add these backgrounds to my analysis®



Connection to your Iaboratory

How can | add these backgrounds to my anafyérs’? -



Connection to your Iaborator),.:::

How can | add these baokgrounds to my analye:rs’?

e.q. absorption process scatterlng process '
gw, nu, dm
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Connection to your Iaboratory

How can | add these baokgrounds to my analyS*S’P %

The second job of the theorist:
connect fundamental terms to the effective theory relevant for the experiment
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Connection to your Iaboratcry
How can | add these backgrounds to my anaiy’%lrs’?

The second job of the theorist:
connect fundamental terms to the effective theory relevant for the experiment

—

. - e.g. IEGV'LLVWwDe)_(VMX * Se ' ﬁX

NN compare with standard EM interactions
(Ae VeV Ve Ay i pe - A , GeSe - B

doing this comprehensively is a pending task!



Connection to your Iaboratory

How can | add these baokgrounds to my anaIVS*S’P %

The third job of the theorist:
evaluate the operators of the effective theory for the fundamental background



Connection to your Iaboratory
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Connection to your Iaboratcry
How can | add these backgrounds to my anaiy’%lrs’?

The third job of the theorist:
evaluate the operators of the effective theory for the fundamental background

e.g. if X isthe dark matter p—
Sun bige ——_|) flux on Earth
| Milky Way _ 1010 ( MeV 2 1
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| st Conclusion

We need tLhe Comprehensivemapbete h
fundamental backgrounds and new interaction terms of Hamiltonians
relevant for the Iaboratory

fundamental backgrounds q H=H 0 T H; int

.9, § Se ' <ﬁx>

‘anomalous’ magnetic field

=

‘ Th|s S Somethlng feaS|bIe and will |
J( for the next steps |n t

e.g. with bounds on (J we can already explore several models.

important: the fundamental background may
offer new handles (e.g. anual modulation, oscillations...)




Part Il: two examples

i) DM and cosmic neutrinos w/ atomic clocks and co-magnetometers



Problems to detect DM

spin-independent WIMP-nucleon interactions
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dark matter halo
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Problems to detect DM

spin-independent WIMP-nucleon interactions
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Measuring at ¢ = O: phase shifts in atomic clocks

Ramsey sequence

VA WA
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\ Py = cos[AwT/2]* with Aw=w— (Ey— E;)
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R.Alonso, DB and P. Wolf
1810.00889 & 1810.01632

Du et al. 2205.13546



Measuring at ¢ = O: phase shifts in atomic clocks

Ramsey seguence in the presence of DM
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R.Alonso, DB and P. Wolf
1810.00889 & 1810.01632

Du et al. 2205.13546

scattering amplitude at g = 0

0P, =0

Px

Wmax = AFE + 0pMm

Re[f1(0) — f2(0)] sin[AwT]

QM allows us to measure at ¢ = 0 and hence move to low DM masses!



One example: complex scalar DM
Alonso, DB,Wolf 1810.00889

nucleons DM
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co-magnetometers
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m, (eV)



One example: complex scalar DM
Alonso, DB,Wolf 1810.00889

nucleons DM
Ling = —G /dgx (ﬁv*”%n) (ix‘y@ X + h.c.) 5 o
111 n I3 L. _ S . /U
n " Ux

previous bounds
(astrophysics)

N\

co-magnetometers

10~21 10-18 10~ 19 10~ 12 10~9 10~6

m, (eV)

for cosmic neutrinos see Alonso, DB, Wolf 1810.00889
Bauer & Shergold 2207.12413



Part Il: two examples

ii) GWs in (superconducting radio-frequency) cavities



“All the News
That’s Fit to Print”

VOL.CLXV ... No.57,140 +

The first direct detection of GVVs is a great
achievement, but...
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Late Edition
Today, some sunshine giving way
to times of clouds, cold, high 28. To-
night, a flurry or heavier squall
late, low 15. Tomorrow, windy, frig-
id, high 21, Weather map, Page Al9.

$2.50

Clinton Paints
Sanders Plans

As Unrealistic

New Lines of Attack at
Milwaukee Debate

By AMY CHOZICK
and PATRICK HEALY

MILWAUKEE — Hillary Clin-
ton, scrambling to recover from
her double-digit defeat in the
New Hampshire primary, repeat-
edly challenged the trillion-dollar
policy plans of Bernie Sanders at
their presidential debate on
Thursday night and portrayed
him as a big talker who needed to
“level” with voters about the dif-
ficulty of accomplishing his agen-
da.

Foreign affairs also took on un-
usual prominence as Mrs. Clinton
sought to underscore her experi-
ence and Mr. Sanders excoriated
her judgment on Libya and Iraq,
as well as her previous praise of
former Secretary of State Henry
A. Kissinger. But Mrs. Clinton
was frequently on the offensive
as well, seizing an opportunity to
talk about leaders she admired
and turning it against Mr. Sand-
ers by bashing his past criticism
of President Obama — a remark
that Mr. Sanders called a “low
blow.”

With tensions between the two
Democrats becoming increasing-
ly obvious, the debate was full of
new lines of attack from Mrs.
Clinton, who faces pressure to
puncture Mr. Sanders’s growing
popularity before the next nomi-
nating contests in Nevada and
South Carolina.

She is wagering that even vot-
ers excited by Mr. Sanders’s in-
spiring message will reconsider
their support when they learn of
his lack of experience in foreign
policy and his vague explana-
tions for how he will pay for his
expansive government pro-
grams.

Mrs. Clinton pounced from the
start, after Mr. Sanders de-
murred in saying how much his
proposals would increase the size
of the federal government. She
stepped in and said that by econ-
omists’ estimates, the govern-
ment would grow 40 percent un-
der Mr. Sanders.

And rather than bashing him
as she did at their debate last
Thursday, she appeared to try to
get under his skin by implying
that he had not been transparent
about the cost of his programs,
such as his proposed expansion
of government health care.

“This is not about math. This is

Continued on Page Al6

CALTECH.M LT-LIGO LABORATORY

A worker installed a baffle in 2010 to control light in the Laser Interferometer Gravitational-Wave Observatory in Hanford, Wash.

Long in Clinton’s Corner, Blacks Notice Sanders

By RICHARD FAUSSET

ORANGEBURG, S.C. — When
Helen Duley was asked whom
she would vote for in the South
Carolina primary, she answered
as if the very question were ab-
surd.

“What I'm seeing is a bunch of
confusion, hearsay and foolish-
ness,” said Ms. Duley, 60, a re-
tired nursing assistant who is Af-
rican-American, shortly after fin-
ishing breakfast at the downtown
McDonald’s. “What I also see is a
veteran who's already been in the
White House eight years. A vet-

Courted Hard in South
Carolina, Loyalists
Listen Closely

eran: Hillary Clinton.

But that was late January. In-
terviewed again Tuesday as Mrs.
Clinton's rival, Senator Bernie
Sanders of Vermont, was surging
toward an overwhelming victory
in the New Hampshire Demo-
cratic primary, Ms. Duley found
herself suddenly intrigued by a

candidate she barely knew. “It
makes me feel good,” she said,
chuckling, “that young people
are listening to the elderly peo-
ple” She now said she was an un-
decided voter and planned to do
some homework on Mr. Sanders.

Mrs. Clinton has long looked
forward to the Feb. 27 Demo-
cratic contest in South Carolina,
the first state where blacks will
make up a dominant part of the
primary vote. African-Americans
accounted for more than half the
voters in the 2008 Democratic
primary, and she has been count-
ing on them as a bulwark, not just

Continued on Page Al8
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Last Occupier
InRural Oregon
Is Coaxed Out

This article is by Dave Semi-
nara, Richard Pérez-Peiia and
Kirk Johnson.

PRINCETON, Ore. — They im-
plored the last holdout in the
armed occupation of a wildlife
refuge here to think about the
Holy Spirit. They explained that
the First Amendment was about
freedom of speech and the Sec-
ond was about the right to bear
arms, and said that they were in
that order for a reason. They
asked him what he thought Jesus
would have done in his situation.

He, in turn, asked for pizza and
marijuana, criticized a govern-
ment that condoned abortion and
drone strikes, and talked about
U.F.O.s and dying rather than go-
ng to prison.

In the final moments, a stand-
off fed by big ideas about the role
of government came down
Thursday morning to the griev-
ances and fears of one troubled
young man, and the tense but
successful efforts of his sympa-
thizers and F.B.l. agents to coax
him to surrender, ending the oc-
cupation of Malheur National
Wi Refuge in_southeaste

WITH FAINT CHIRP,
SCIENTISTS PROVE
EINSTEIN CORRECT

A RIPPLE IN SPACE-TIME

An Echo of Black Holes
Colliding a Billion
Light-Years Away

By DENNIS OVERBYE

A team of scientists announced
on Thursday that they had heard
and recorded the sound of two
black holes colliding a billion
light-years away, a fleeting chirp
that fulfilled the last prediction of
Einstein's general theory of rela-
tivity.

That faint rising tone, phys-
icists say, is the first direct evi-
dence of gravitational waves, the
ripples in the fabric of space-time
that Einstein predicted a century
ago. It completes his vision of a
universe in which space and time
are interwoven and dynamic,
able to stretch, shrink and jiggle.
And it is aringing confirmation of
the nature of
black  holes,
the  bottom-
less  gravita-
tional pits
from  which
not even light
can  escape,
which  were
the most fore- |
boding (and
unwelcome) part of his theory.

More generally, it means that a
century of innovation, testing,
questioning and plain hard work
after Einstein imagined it on pa-
per, scientists have tapped into
the deepest register of physical
reality, where the weirdest and
wildest implications of Einstein's
universe become manifest.

Conveyed by these gravitation-
al waves, power 50 times greater
than the output of all the stars in
the universe combined vibrated a
pair of L-shaped antennas in
Washi State and Louisi
known as LIGO on Sept. 14.

If replicated by future experi-
ments, that simple chirp, which
rose to the note of middie C be-
fore abruptly stopping, seems
destined to take its place among
the great sound bites of science,
ranking with Alexander Graham
Bell's “Mr. Watson — come here”
and Sputnik’s first beeps from or-
bit.

“We are all over the moon and
back,” said Gabriela Gonzélez of
Louisiana State University, a
spokeswoman for the LIGO Sci-
entific Collaboration, short for

0
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La sombra de
una nueva crisis
bancaria hunde
los mercados

El Ibex cae un 4,88% y la prima de
riesgo llega a 169, maximo desde 2010

CLAUDI PEREZ / IGNACIO FARIZA
Bruselas / Madrid
Las dudas sobre la salud de la
banca europea hundieron ayer
los mercados, temerosos de que
se repita una crisis como la de
2008, que llevé a Lehman Bro-
thers a la quiebra. En esta oca-
sién las miradas de los inversores
estdn puestas principalmente so-
bre el mayor banco alemén, el
Deutsche Bank, cuyos titulos caye-
ron un 6,1%. También existen du-
das sobre la entidad francesa So-
ciété Générale, que se dej6é un
12,57%, y sobre la fortaleza del sec-
tor italiano en conjunto.

La caida de la Bolsa espafola
—un 4,88%, la mayor desde agos-
to— solo fue superada por el des-
plome en Milan, del 5,63%. Paris
se dejo un 4,05%, Londres un
2,39% y Francfort un 2,93%. La
prima de riesgo, el diferencial en-
tre el bono esparfiol a 10 afios y el
alemadn, lleg6 a los 169 puntos ba-
sicos, por encima del nivel que
en 2010 llevé al expresidente del
Gobierno José Luis Rodriguez
Zapatero a acometer un duro
plan de ajuste.

Los lideres europeos trataron
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Instein was right! Congrats to
LIGO on detecting gravitational waves - a

huge breakthrough in how we understand the
universe.
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Expected gravitational soundscape ca. 2040
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Milky Way In visible band pi s
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Our control of light in the lab is excellent!
T—
Interaction of GWs with light?



Interaction GWs with light!

fundamental backgrounds/interactions

gravitational wave + EM field = current!

h*” AH




Interaction GVWVs with light: loaded cavities

/’7+EM f/'e/d = Cur/’enz‘/ MAGO design from CERN (gr-qc/0502054)

EM-coupling Mechanical-coupling
(shaking the walls)

: S




A. Berlin, DB, R.T. D’Agnolo, S. Ellis,
R. Harnik,Y. Kahn, J. Schutte-Engel
2112.11465 (PRD)& To appear

axion

Projected Sensitivities of Axion Experiments

wg/2m € [0.65,1.02] GHz

J1Q~8x10% Bp=75T
ADMX Veav = 136 L, Tsys ~ 0.6 K

wg/2m € [5.6,5.8] GHz

J1Q~3x%x10% By=9T
HAYSTAC Veav = 2 L, Tsys ~ 0.13 K

wg/2m € [1.6,1.65] GHz

JlQ~4x10% Bp=73T
CAPP Veav = 3.47 L, Tsys ~ 12K

wg/2m = 26.531 GHz
11Q~13x%x10% By=7T
ORGAN ‘/Ca,v ~J 0.0078 L, Tsys i 4 K

wg/2m € [1,2] GHz
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+ It's directional and not degenerate with axions
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2nd Conclusion

® Dark matter and cosmic neutrinos may leave impact in quantum devices

(e.g. atomic clocks/magnetometers) even if the momentum transfer is &~ 0

This opens new exiting possibilities

B SRF cavities is a mature technology to look for GWs at GHz either

Still far from getting to expected backgrounds, but there may be surprises



Road ahead

Our first task: dictionary

fundamental backgrounds
(high) flux, (low) momentum and small coupling

FP

*QT H = Hy+ Hiu

(in)coherent/modulated/material dep/CP odd...

Our second task: genuine symmetric dialogue

oY

we have been (mostly) recycling techniques ®# ¢

-

we need a more fluid dialogue with QT colleagues for more genuine ideas

he most promising set-u

H = Hy+ Hjy QT* P backgrounds

bs and dedicated improvements (e.g. read-outs)

B Dedicated resources (dec

icated simulations, theory + exp work, schools, time)

* Sub-task: we are far from the limit: e.g. get more quantum

e.g. sing

le-photon detectors,

using entangled samples...
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Back-up slides



LIGO - A GIGANTIC INTERFEROMETER

GRAVITATIONAL WAVE BLACK HOLE SPACETIME

MIRROR The light abiadidils

waves bounce
and return:

7

A "beam splitter” splits the
light and sends out two
identical beams along the

4 km long arms.

4 Kkm

A gravitational wave affects the
iInterferometer s arms differently;
when one extends the other contracts
as they are passed by the peaks and
troughs of the gravitational waves.

Laser light i1s sent into
the instrument to

measure changes in
the length of the two

arms. Normally, the light returns unchang-
/-/"'FHJJ ____“__,;.—_,_,_,/_::—-’ 5 ed to the beam splitter from both
r arms and the light waves cancel

- each other out.

LIGHT WAVES
><><>< CANCEL EACH
¢ OTHER OUT

BEAM SPLITTER LIGHT DETECTOR

6 If the arms are disturbed by a | ‘ L IGHT WAVES HiT
gravitational wave, the light waves = YOOAA | | TUE LIGHT DETECTOR
will have travelled different distan-

ces. Light then escapes through the  ggAM SPLITTER LIGHT DETECTOR
splitter and hits the detector.




DM-atom interaction in co-magnetometers

N.. ~ 10°?

same with

WE75:7(B| > fol_f(0)2>
o (F0) = F(02)
Modified Larmor frequencies

Can be also understood as a phase difference
Co-magnetometer: eliminates B

Aw 5 10_9 HZ Brown et al. 2010



The Gravitational Soundscape at high frequencies

Crucial question: what sources above kHz? review
Aggarwal et al,2011.12414
Stochastic Coherent
Standard Model: Q Q
Thermal plasma fluctuations
Ghiglieri & Laine (2015) ‘?

Ghiglieri et al (2020)
Ringwald et al (2020)

BSM: Q

Inflation PBH inspirals
Phase transitions Superradiance

Cosmic Strings Exotic objects
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