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Our Universe
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The Standard Model Lagrangian

L = _iFSVF‘WV ) @Dw gauge sector
+ sz‘)\ijwj h + h.c. flavour sector
+ |Dh|? =V (h) Higgs sector
+ %Li)‘;‘/j[’jhz or Li)\z’.’ij v mass sector

+ are there new particles and forces
(that solve some of the mysteries)?




(Some) interesting questions for particle physics
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What is the origin of flavour?
— Why is the mixing matrix so different in quark and neutrino sector? ¢ > °
— Are there flavour changing neutral currents? w —— ’

Why is there any matter left in our Universe? K

°=Slrange quark
)

Muon
Down quark

...
]

— Which mechanisms exist to fulfill the three Sakharov’s conditions?

— How did electroweak phase transition occur?

— Is there CP violation in the neutrino sector?
Is Dark Matter a particle?

— Can we produce it from known matter?
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— Is there a dark world? ,. fecrn- I Q@ @ cuor
— And... what is Dark Energy? e SSRGS T
Is the Universe natural? Natural Highly

Unnatural

— Why is the Higgs mass so low?
— Are there new symmetries in Nature?

m.m



Big Questions and the Higgs Boson

Weak interaction vs
gravitation
102 vs 1018

Inflation, age of
universe, ...
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. Flavor puzzle



The Flavour Puzzle
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Higgs is the only SM boson that distinguishes flavour



The Flavour Puzzle

I. Rabi Mo Quark mixing Neutrino mixing

ordered
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Flavour puzzle today (adapted from Y. Nir):

e ( l T — Why is there so much structure in the quark sector?
— Why is there no structure in the neutrino sector?

tom
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Leptons Quarks

tau
I ll III — Why are there no flavor-changing neutral currents?
* What is source of CP violation explaining lack of anti-matter?

* Flavour is also excellent probe of high-scale physics
— New physics tends to break accidental symmetries of SM 7

Die Generationen der Materie



Why is there Flavour?

Is it like a periodic table?

O
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Why is there Flavour?

Do we have a completely wrong perspective?

Epicycles
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The ATLAS det
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The Higgs Mechanism

1964
— P. Higgs, R. Brout, F. Englert
New scalar self-interacting field with 4 d.o.f.

V(®) = 2

Z(c1>"‘<1> — 1v%)?

Ground state: non-zero-value breaks
electroweak symmetry generating

— 3 Goldstone bosons: W*,Z,

— 1 neutral Higgs boson

(®%) = v/\/2, where v = 246 GeV.

v
Masses of fermions m; proportional to My = gfﬁ X
unknown Yukawa couplings g;
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fermion 12
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Higgs Boson production & decay
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Higgs boson production and decay
complex and through many signatures
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Higgs Boson production & decay

Initial observation: decays to yy,ZZ, WW
4 Data S/B Weighted
——— Sig+Bkg Fit (mH=126.5 GeV)
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* Fermion coupling to top, b,

Higgs boson couplings

tau and muon seen
* All agree with expectation
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Higgs boson couplings
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Why measure couplings with precision?
Reminder: beta-decay
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Why measure couplings with precision?

Reminder: beta-decay

S
]’71“9‘:( J ffu’i';"“‘*;o ”;“9
CCG? .
e
n I’éf - N w
)7 ™K ‘;
© T Mg i o

Precise measurement of process at low energy probes mass
scales at high energies



Why measure Higgs couplings with precision?

@® Doesnot
exist in SM

Can teach us about new interactions

19



Why measure Higgs couplings with precision?

Size of Higgs
Coupling deviations?

Tree level origin Loop level
- 9 5
M? (4m)2 M?

AN Y

SM Neutral SM Charged e gs:::all\ll:ru g?\lglet Swh;l gh:allgg:;
e.g. scalar singlet e.g. 2HDM | e.. stops in SUSY
(x,{gs ) v (Agvz) v2 ( Aizsz) v? _1mf
~\az) i =ANE ~\ 4872 ) M2 4m?
L 2M* ) M 3 L M M o e y k. 7 §
M < 1.7TeV M <0.8TeV M < 0.1TeV M < 0.9TeV
M < 5.5TeV M <1.4TeV M < 0.4TeV M < 2.8TeV

Conservative Scaling for Légper Limit on Mass Scale Probed by Higgs Precision
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Future Higgs Prospects
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Future Colliders

Proposed colliders:
* Linear e+e-: ILC, CLIC
e Circular e+e-: FCC-ee, CePC

* pp: HE-LHC, FCC-hh, SppC
* ep: LHeC, FCC-eh
Planned location and artists rendering fILGY comp. RF
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Artist's rendering provided by the Linear Collider Collaboration
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Future Colliders

“Higgs is the most important actor
... the reason for building the
next colliders is to study the
Higgs boson to death, full stop”
(Nima Arkani-Hamed)

tune-up dump

Planned location and artist’s rendering of IL'c!
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Energy Consumption / Recovery

Accelerators require a - N
Iot Of energy, e.g other beam for collisions

g everment o D s rom
CERN: 1.3 TWh/year e

multiple turns towards higher energies
@ beam dump

at low energy

phase-shift
= .
ACCELERATE DECELERATE
energy in cavities is given energy of particle beam
to the particle beam goes back to cavities

@ energy recovered to accelerate
the next particle beam

24



PERLE at JClab

Proto-type for LHeC with 250 MeV electrons
and interesting use for nuclear physics

Conceptional Design Report: https://arxiv.org/pdf/1705.08783.pdf
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Higgs: Coupling Constraints: Future Colliders
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arXiv: 1905.03764

26



Higgs: Coupling Constraints: Future Colliders
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Many different probes of flavour

Current sensitivity: g=1 10 E
N

N

11
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Wy

I direct reach

_ EW precision
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Current sensitivity: MFV

Observable

Rare processes at B- and Kaon and Muon factories can

probe higher scales than the LHC direct searches!
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Belle Il

New IR
———e

i
New beam pipe SuperKEKB

g _&bellows

Add / modify RF systems
for higher beam current

Low emittance positrons
to inject

Damping ring ’
Wy

Low emittance gun

, _Positron source

New positron target /
capture section

Low emittance electrons
to inject

Belle Il and LHCb

Lyeax = 4.65 % 10%* cm2s?

5 . . .
Crab Cavity Crab Cavity —~4F
37 SE
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1) Crab Cavities 3 Sk ‘J
OLA_A —
- 400:— delivered
% \“1\ P r recorded
y P tw C20f
Kollision =0
ohne 0 T T T T T T T T T T
Crab Cavities 05/01  09/01 01/01  05/01 09/01 01/01 05/01 09/01 01/01  05/01
2019 2020 2021 2022

LHCb at LHC/CERN
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Anomalies in Flavour Physics

Lepton universality Status 2019

. . . R, Belle
* Flavour physics can probe physics at * 11 < g2 <60 GeV¥et
much higher energy . R Belle
. . . . * ' 0 2
* Test universality of such interactions g 008 << GVt
: R . Belle

10< g2<6.0GeV¥c*

. R,..LHCb 9 fb"
: 0.045 < g2 < 6.0 GeV*/¢*
b 8 ? b S E
— R LHCb 9 fb™ 2
e+ ﬂ+ L 1 1 L i L L L 1 1.11< q2|<601GeV I/C4 Il
B 0 1 2
e ﬂ_ RK(*)

R — B(B— K®ete / B(B— K®u*p)
K® = B(B— Jh)(ete) K(*) B(B— Jhy (ptp~) K®)
—




Lepton

SM: same electroweak
couplings to all lepton gen.

e, U, T
Z
VAVAVAYA €4
et ut, Tt
e, U, T
w-
VAVAVAYA €47
v, Dﬂ, U,
e—a ,Ll_, T
4
VATAVAVA &S
e+9 ,U+, T+

M. F. Sevilla, EPS 23

Flavour Universality Tests: 2022

. r,.
100.28% m _Zom _ 5 0009 + 0.0028
Z decays Z—ee LEP, Phys. Rept. 427 (2006)257
- BW - ev
To 0.8% in (W= e) = 1.004 + 0.008
W decays '%(W - lll/) CDF + LHC, JPG: NPP. 46. 2 (2019)
| I
Ty _ 1.0016 + 0.0031
Jly—ee PDG (BESII), RPP. Chin Phys. C40 (2016) 100001
o) -
fo02% I _aer _ (134 +0.003) x 104
meson decays S PiENo, Phys. Re Let. 115, 071801 0015)

rL1-6
3.1¢ " B—=K+uu

tension rlT

B—K+tee

To 0.14% 1n

T— I/”I/IJ PDG. A

= Rg = 0.84610-03
mcu,mmm_ﬁ.mozz)

g,/g, = 1.0018 + 0.0014
- Pich, Prog. Part. Nucl Phys 75 (2014) 41

Z27 — 1.0019 + 0.0032
Z—ee 1P Phys Rept 4272006257
Wozv

= 1.070 + 0.026
W—pw LEP Phys Rept 532, 119 (2013)

2.66 tension

D—tv

= 9.95 £ 0.61
D,—pv HFLAV, Eur Phys J C77 2017) 895

R(D) = 0.357 £ 0.029

HFLAV, Summer 2023
Z(D*) = 0.284 + 0.012
3.36 tension

g./g, = 1.0030 + 0.0015
PDG, S. Pich, Prog. Part Nucl Phys 75 (2014) 41
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Lepton Flavour Universality Tests: 2023
SM: same electroweak

couplings to all lepton gen.

- | N I
e, OOIem T - 10009 +0.0028 —Z2% _ 1,0019 + 0.0032
7 ’ ’ dccays Z—ee LEP, Phys. Rept. 427 (2006) 257 Z—€€  1Ep phys Rept 42700061257
VVVVXEz L BWoe r
100.8% m W=) _ 1004 +0.008 Wow — 0.992 +0.013
€+, ,u+, zt W decays BW — ) CDF + LHC, JPG: NPP. 46.2 (2019) Wouv  AtLAS, Natwe 17813 0021)
- r,. .
e, U, T LY — 1.0016 + 0.0031 .
W~ rJ/zy—»ee PDG (BESII), RPP. Chin Phys. C40 2016) 100001 - =995+ 0.61
VAVAVAVA €4'% To 0.2% in I‘”_)ev 4 FDS—>yp' HFLAV, Eur Phys J. C77 (2017) 895
’ ‘ = (1.234 £ 0.003) x 10~
v,v, U meson decays T PiENu, Phys. Rev. Lett 115, 071801 2015) | GR(D) = 0.357 + 0.029
e “w Yz Lis HFLAV, Summer 2023
i 5" T _p _oossos R =02845 0012
y rllil,_I?+ee LHCb, PRL 131, 051803 (2023) 3.36 tension
8e
WA T00.14% mn g /g, =1.0018 + 0.0014 g./g, = 1.0030 + 0.0015
€+, /4'*', Tzt T — VU PDG, A. Pich, Prog Part Nucl Phys 75 2014) 41 PDG, S. Pich, Prog Part Nucl Phys 75 2014)41

M. F. SEVi”G, EPS 23 32



New from Belle II: B - K¥vv

SM Average A. GIaZOV, EPS 2023
7 ( *\ 1+0.4 - R
- ] ans \ .
— : e Belle II (362 fb!, Combined)
The decay B+ > K_'_I/V : 24407 H‘ preliminary .
. Belle II (362 fb'!, Hadronic)
H 1 1 1 This analysis. preliminary
v i e ?3\('“‘"‘ l‘l“'}i“i‘gﬂnr"}.Ml‘l‘lf“‘lll.\’i\'l‘I
Z N PR Belle IT (63 fb-!, Inclusive
v : - ; *
W N B B( Il( (411 ﬂ)' Se nnkptom(l
: 1 PRDAG, 091101
.:_._ B( ll( (711 ﬂ] I Hadronic ]
b S : 1 30416 PRDSZ, 111103
woet : ——.—IL B\l) wr (418 ﬂ)‘ Combined)
H I 0.8+0.6 PRDS7. 11
—O—— i B\])Al (418 ﬂ) ! Semileptonic)
H 12408 PRDSTY.
_%)_ Babar (429 ﬂ) ! Hadronic)
. . i | R I sl s N
Complimentary probe of BSM scenarios 0 > 4 6 8 10
Many BSM models can be constrained like: 10° x Br(B*—K * vp)

Dark Matter (PRD 98 055003 (2018)),
Leptoquarks (PRD 102, 015023 (2020)),
AXIioNnS (PRD 101, 095006 (2020))

: . ¢ New result:
Z’ (JHEP 1411 (2014) 121) . 36 i
b < :!S e.g. .00 evidence
Leptoquark « 2 80 higher than prediction

LOQ
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Big Questions and the Higgs Boson

Weak interaction vs
gravitation
102 vs 1018

Inflation, age of ]
universe, ... - © '
oo §
8_69
N §

' Flavor puzzle
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A brief history of the Universe

hot 104K 100K 3,000 K C(I)Id —_—
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A brief history of the (very early!) Universe

hot 100 GeV 1 MeV
L | |

Temperature /
ks=1
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& 60 :
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How much matter and anti-matter?

Today: per litre in Universe:
« 550000 photons

* 0.001 baryons

« 0 antibaryons

—
n = F ~6x10710
Yy

baryons = protons, neutrons,...

Particle Data Group

100 10!
baryon—to—photon ratio n,,



Matter-Antimatter Asymmetry

During very early Universe

38






Materie-Antimaterie Asymmetry

Now

1 0
O
Matter Antimatter
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The three conditions of Andrei Sakharov

A. Sakharov, 1921-1989

Three conditions have to be fulfilled
simultaneously:

1. No thermal equilibrium
2. Violation of Cand CP

3. Baryon number not conserved



Matter antimatter oscillations: CP violation

# candidates / 0.2 ps

» Tagged mixed
e Tagged unmixed

-~ Fit mixed
—— Fit unmixed

decay time [ps]

Matter-antimatter oscillations occur in the quark sector:

E.g. 4 billion times per second for B, meson
Rate not sufficient to explain asymmetry in Universe



Is there CP violation in the neutrino sector?

LBNF/DUNE (2029+)
Ginormous cable * Phase 1:1.2 MW beam

spooly thing prairie

................... ‘ = * Phase 2: 2 MW beam

. 30“
e®

- ot nd‘
< de\'g!:ou
O AR

800 miles
whee! fiying ol

i - boxes with
really huge, blinky lights
cold bathtubs L

H H For Accelerator/Atmospheric/Solar/
O [J eratlon Sta rt ln 202 Supernova neutrinos, and proton decays
High power proton beams

J-PARC/Hyperkamiokande (2027+) 7 \§ Do Sl o :;m?:dbykem

1.3 MW beam o R SenERiviy

>
71 m

Hyper-Kamiokande Detector

Hyper-Kamiokande 3
(hosted by the University of Tokyo)
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The electroweak phase transition

hc|>t 100 IGeV

Temperature /
ke=1

c| e ¢ g| Dida phase transition happen?
Of, 9 v
8 ZNf/?»’o What is the order of the phase transition?
£l 8 ,
¢ q 5| Isthereany way to test it?
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Electroweak potential

Standard Model Alternative idea

» Electroweak phase transition (EWPT) ) Eﬁﬁgﬁ%ﬁ‘gt%ﬁg? ttrrgrrm];lcﬁgr? via
IS a “smooth crossover”

— Two phases co-exist

» Electroweak symmetry restored for » Electroweak baryogenesis possible if
T2T:=130 GeV strong 1st order transition

2.0

1.5¢
1.0¢

—~
. 05
S——"

> 0.0/@

-0.5¢

-1.0f

-15% 50 100 150 200 250 300

0 50 100 150 & 200 250 300

Figures by G. Servant ¢
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Electroweak potential

Standard Model Alternative idea

» Electroweak phase transition (EWPT) ) Eﬁﬁgﬁ’%‘?ﬂ‘gt%ﬁgzﬁ ttrrsgsiit?gg via
is a “smooth crossover”

— Two phases co-exist

* Electroweak symmetry restored for - Electroweak baryogenesis possible if
T2T:-=130 GeV strong 1st order transition (1) _—
Ty ~°

Continuous Crossover First Order Phase Transition

f Increasing time increasing time



Di-Higgs Production: LHC result
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E ATLAS = Observed limit (95% CL)

Expected limit (95% CL)
- Vs=13TeV, 126—139 fb~" == (unw =0 hypothesis)
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Constraints on k) :
LHC (now) -0.4<kK;<6.3 at 95% CL

Nathanial Craig



Di-Higgs Production: LHC result

P. Meade

B N , - g ’

Nature could have any of these!!

LHC (now)

Nathanial Craig



Sensitivity to k,: future colliders

Higgs@FC WG September 2019

di-Higgs  single-Higgs
HL-LHC HL-LHC HL-LHC
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What might we learn about the H potential?

Ak < 50% Ak < 5%

LHC (now) HL-LHC uC (10 TeV)

Nathanial Craig (or FCC-hh)




Big Questions and the Higgs Boson

Weak interaction vs

gravitation 1] g\
102 vs 108 HoN BN

Inflation, age of
universe, ...

oo ol
°' 9 ﬂ ' e Flavor puzzle
% ‘/ € f
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Composition or the Universe

Universe Mass
Composition

Stars
0.5%

y Free Hydrogen
and Helium
4%

Dark Matter
23%

Dark Energy
72%

NASA Figure
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A brief history of the (very early!) Universe

h<|)t 100 lGeV 1 MeV 3000 K
| !

Temperature /
ks=1 wW

hat don’t we know
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85% of the matter in the Universe is invisible!

DIT [uK?|

6000 ™
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3000 f
2000 |

1000 F

W. Hu 11/00 10

Dark matter only known through gravitational interactions

1000




Dark Matter: annihilation in the early Universe

DM Time

D.““_.%‘_. o —
DM freezeout |
)@( =
DM e l
—

time JE 5 10 20 50 100 200
’IIID}u/T

* Lee, Weinberg, Phys. Rev. Lett. 39, 165 (1977).



The WIMP(*)-Miracle

(*) WIMP=Weakly Interacting Massive Particle

101

Number denisty: n/s
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Dark Matter candidates: WIMPs or axions?

WIMP Axion
mpy = 100 GeV mpy ~ 10713 GeV
. 10cm ®
3
" i 30 Mld. pro mm
10cm

Dark matter density today: 300 GeV/liter



Direct Searches for WIMPs

 —
Earth
=
WIMP
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wind December
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top PMT array
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. bottom PMT array

Y7
Ca. 1400m below surface

Gran Sasso, Italy



Searches for WIMP Dark Matter

Underground direct detection
experiments: XENON1T and LZ

XO
LZ, Phys. Rev. Lett. 131, 041002 (2023)
XENONNT, Phys. Rev. Lett. 131, 041003 (2023)
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WIMP Dark Matter: next generation

3rd generation noble liquid
tank WIMP searches planned:
* DARWIN/XLZD: Liquid Xe
* ARGO: Liquid Ar

Will test much of parameter
space of supersymmetry

Dark matter-nucleon g5, (cm?)

10—37
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10740 :

1074 L

104

104 £

1078 |
104 b

10750 [ 2

1 0—42 L
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107 L

I g |

]
" A MSSM: higgsino-like Extra dimension (blue oval)
. . MSSM: wino-like SUSY MSSM (red circle)
'
‘3 2 ‘ MSSM: A funnel

\ . MSSM: bino-stop coannihilation

“\ * MSSM: bino-squark coannihilation

\

103 102 107" 1 10 102
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Simplest supersymmetry scenarios predict “Wino” or “Higgsino” with
masses > 1 TeV => difficult (but possible) to test 61



Does Higgs couple to Dark Matter?

DM DM
2y 5 i :
DJ[\ SM Y /D.v\[
» e SM SM 4
p el | h”* " ~<
/ | \ |
DM, SM /\ \DM
N N
<(7 ‘l’> ODM—N 5'f.'s".'\1
DM annihilation DM-N Scattering DM production
early Universe & (XENONIT etc.) early Universe &

satellites LHC
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“Invisible” Higgs decays?

Higgs can decay to dark matter
candidates if my >2m,

Current limit: BR<10.7%

95% CL upper limiton B, , .,

1
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“Invisible” Higgs decays?

* Higgs can decay to dark matter

. . R ) Direct Search
candidates if my > 2 m, FCCee/ch/hh |

e Fit to Bry,
FCCee1s5 [} Higgs@FC WG

e Current limit: BR<10.7% FCCeepso T |
CEPC I
CLIC300

CLIC 500
CLIC35
ILCsp
ILCag

LHeC N

HE-LHC I
HL-LHC

0 0.5 1 1.5

ra
o
N
d

 HL-LHC will improve by factor 10 compared to now
* Future ee colliders gain another factor ~10
* And... FCC-hh yet another factor 10!
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Comparing direct detection and Higgs constraints

. arXiv:1910.11775
Dark Matter can be scalar, vector or fermion:

3 — XENON1T

PRL 121 (2018) 111302
— PandaX

PRL 117 (2018) 121308

3 = DarkSide-50

Scalar DM 10"

= PAL 118 (2017) 021303

4 =— DarkSide-Argo (proj.)

] DarkSide-Argo EPPSU submission
~— DARWIN-200 (proj.)

= JCAP 11 2018) 017

4 =—HL-LHC: BR<2.6%

- Higgs PPG, a00V-1905.05784

1] = HL-LHC+LHeC: BR<2.3%

BRinv = F(H — XX) — O->S<§?
ORI ATH = xx) TR ry+os

107°¢

ag, (x-nucleon) [cm’)

1074

va“da*

_45 -_ - Higgs PP, aniv:1905.08764
10 E 3 — CEPC.FCCes,,,. ILC,,:BR03%
. ] Higgs PPG, a00v-1905.03764
with 7, = F(H — XX)/O'SI C 7 — FCC-eeleh/hh: BR<0.025%
X Xp 1 0—46 ] Higgs PPG, anOv-1905.05784
109 E | DarksSide-Argo (proj.) E
E Higgs Portal model
. - Direct searches, Scalar DM PR
10~ E Coliider limits at 95% CL, direct detection limits at 90% Ct.~ ~ = a
C 1 Lo a gl " b ™l 1 ae T 44 gl . |
1 10 102 10° European Slrateq)

m, [GeV]
e Approaches are complementary
— Higgs more sensitive at low mass, direct detection more sensitive at high mass

e Comparison is model-dependent

— This is good: if we see signal we will learn physics from it! .



Dark Matter

WIMPs and/ or axions Axion Dark Matter WIMP Dark Matter
102 10¢ 10¢ 1012
mass [eV]
APS April Meeting Abstracts
701 mmm Axon Dark Matte i Mevieon
mm Both Axion/WIMP Dark Matter ° Tradltlona”y Strong
up down
focus on-WII\{IPs b.ut (@ @-i
Interest In axions Is \ .
H \\\ down
grOWIng \\\ -;e /
 QCD axion is the *only* i
solution to strong CP i
problem <3x1026 e cm

J. Ouellet



Axion Status

Current constraints
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Theory expectation for axion
as dark matter (in simple
models)

107 < Mgyion< 1072 eV
Will cover entire mass range
down to 102 eV in the next

decade or so!

Very dynamic area!

Axion Status

Future experiments
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Search for Axion-like particles at DESY, ALPS II:
Can light travel through a wall?

Wall

Light Light?




Any Light Particle Search Il

20 years in the making...

- Available online at www.sciencedirect.com _
NH,
Fg SCI!NG!@DIR!CT‘
PHYSICS LETTERS B
Laser
ELSEVIER Physics Letters B 569 (2003) 51-56

www.elsevier.com/locate/npe

Solar-Ge
Production and detection of very light bosons in the HERA tunnel

A. Ringwald

D hes Elek Synch DESY, Hamburg, Germany
Received 17 June 2003; accepted 3 July 2003
Editor: P.V. Landshoff

Abstract
A A ‘ A A Microwave Gav@y, .
There are strong theoretical arguments in favour of the existence of very light scalar or pseudoscalar particles beyond the
Standard Model which have, so far, remained undetected, due to their very weak coupling to ordinary matter. We point out that - A,, o
after HERA has been decommissioned, there arises a unique opportunity for searches for such particles: a number of HERA’s P -

four hundred superconducting dipole magnets might be recycled and used for laboratory experiments to produce and detect light
neutral bosons that couple to two photons, such as the axion. We show that, in this way, laser experiments searching for photon

regeneration or polarization effects in strong magnetic fields can reach a sensitivity which is unprecedented in pure laboratory 1 O-a l 0-7 1 0-3 l o-6 1 ()-4 1 0-3 1 0-2 l o-l l Oo 1 0l

experiments and exceeds astrophysical limits from stellar evolution considerations.
© 2003 Published by Elsevier B.V.

Particle Physics @ DESY | 168th SC Meeting May 2023 |
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Any Light Particle Search Il

Recent achievements
* 12/2021: magnet string at T=4 K.
* 06/2022: world-record cavity storage

Cleanroom with
cavity optics and
HET detection.

Cleanroom with “wall”

and optics to match
both optical cavities.

time: 6.75 ms.
* 11/2022: observe first calibration signal
* May 24th: first science run

7 coll. institutions [ @0 0 . <_

Cleanroom with
high power laser.

7
-
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b @ DESY | 168th SC Meeting May 2023 |
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Current and Future Axion Experiments at DESY
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Conclusions

Particle physics plans a balanced portfolio of complementary
experiments to understand the quantum Universe
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. . —— : : V. Rubin: “Science progresses
Time 1ns ls 380,000 500 million 5 billion 13.7 billion 0
— s best when observations alter

our preconceptions”



