ot Weak Interactions

The Theory of GLASHOW, SALAM and WEINBERG ~ 1959-1968

more details: (Nobel 1979)

Lecture L. Beresford
Lecture H. Kim

' G 1 4 &
- . 1 i e £ }
= e . \ 3 ¥
o - ] ] 5 - i
. . [
x i
‘ i e
3 &

Theory of the unified weak and electromagnetic interaction,
transmitted by exchange of “intermediate vector bosons”

Jem — Jwesk = '
e g9 g
p — P p n P p
1 ' 1 I
—Gy wt
q? (q2+M,2') eauv. z
e_ e' ‘-)‘ e+ v y
e g
mass generated g
i . . . (
(a) Electromagnetic (b) Weak scattering by nggs field (c) Weak scattering
scattering (charged current) (neutral current)

23.-24.7.25 A. Geiser, Particle Physics 1



Dlscover'y of 'rhe W and Z (1983)

To produce The heavy W and Z bosons (m 80 90 GeV)
need high energy collider!

1978-80: conversion of SPS proton accelerator at CERN
into proton-antiproton collider
challenge: make antiproton beaml!

success! 70 -> e*e;ﬂ.—-—""’UAl
-> first W and Z produced [
1982/83

(Nobel 1984)

Simon
van der
Meer

Carlo
Rubbia

23.-24.7.25 A. Geiser, Particle Physics 2



number of events / 1 GeV

Z production at LHC

CMS
10 E T * f & T T ¥ & & g W % & @ g o 3{][}?1%3 T T T [ T T T T [ T T 71 T T 1 T T
R z =3 ee 36pb' at\s=7TeV - E _ g
I - T "ATLAS Preliminary ..
10° g 250+ Data 2012 ({5 =8 TeV) JLdt=511b 1
: - [ ] Z—un ]
“F I o mz -
10 = 1501 =
| [T :
| i B ]
' 501 _‘
5 I B i
0f - .
P G Babismmibindi 0 rarsh IR ARt

50 100 150 200 70 80 90 100 110

M(e'e) [GeV] my, [GeV]

Now millions of events ...
yesterday's signal is today's background and tomorrow’s calibration

23.-24.7.25 A. Geiser, Particle Physics 3



Three Boson Coupling @ LEP f

W/Z bosons carry electroweak charge (ike colour for gluons)
-> measure rate of W pair production at LEP IT

— 30 | . I I1 1 m?.fzrtitdm?,
o) LEP
4 _ e PRELIMINARY
& W = ] .
= NoZWW vertex
v © g 7
20 - i
+
e+ W ' ’ p—t—vt+—v"
S A
10- .
YFSWW/RacconWW
; _...no ZWW vertex (Gentle)
jﬁﬁ“l' ....only v_ exchange (Gentle)
g I 0 T r ; 1 ;
EXISIS! 160 180 200
23.-24.7.25 Vs (GeV) 4



Electroweak Physics a

t HERA

Neutral Current (NC) interactions
[
e .- ! Proton - I [
s R [ v/ Z
RN, [
Quark
i q q
Charged Current (CC) interactions
e
W:I:
; 4]
23.-24.7.25 A. Geiser, Particle Physics 5




Weak interactions are "le

ft-handed"

—1

~ HERA Charged Current ep Scattering

lefthanded electrons interact (CC)

: .
e- @ — —

; _
/) 80|

o)
Q.
—
o}
QO
©

100 —

e-

120 I I I | | I I ! | I | | I ! I I I | I

e'p - vX

® H1

0 ZEUS

== HERAPDF 1.5

ep—-ovX T_
I [a ® Hi :
, I 0 ZEUS :
righthanded electrons do not! 60— I
e @ 40/ _
! + " 1
20 Q2 > 400 GeV> |
cross section linearly proportional _ y<0.9 i
to polarization e S I B R
-100 50 0 50 100
. . P, [%
izati e
m m left polarization vight
o P =qxpywt P
polCC — unpolCC Il work8|
23.-24.7.25 A. Geiser, Particle Physics 6



Electroweak Unification

H1 and ZEUS
rﬁ""‘\ = I T T TTT | T T I T T TTT | I I T T 3
> - e =
6 1054 NC O HERANCep04fb'
= - SN 1 O HERANCEpOSH!
A= e a s HERAPDF2.0NCep 3
ol — q q =]
= 4 C By - mssm HERAPDF2.0NCe'p 1
S (U 5 3
=] E::'—-l:'ﬁ‘-‘:-—.ﬁ_’_'j_‘- =i @ ¢ ¢ E
= CC‘"' ' :: - ' =
103E y<09 LN -
- \s=318 GeV = -
E =L
= e =)
% C ® HERA CCep0.4 b’ ]
10 = m HERACC¢p 05! -
~  mssm HERAPDF2.0 CC ep \Q
3 \irg
= wess HERAPDF2.0 CC e'p \&
- ; gj 3
1 0-7 | | | i ] e e | | 1 | | qzl T T | ! 1 | | \"-
10° tw
M., 2 Q°/ GeV
wW
23.-24.7.25

Strengths of weak and
electromauentic
forces hecome similar

A. Geiser, Particle Physics

at scale 0° ~ M,

1 1
~ o’ @ EQDNC(%QZ)
. 2
M2, 1
~ G% W ) ~doe (2,Q2)
g (M%,-|-Q2 r



The Ques'r for Unification of For'ces

‘{f \ \

| —— =

Electroweak Unification

Grand Unified Theories ? (GUT)

Superstring Theories ?

» LHC
g Elektro-t . e,
D = magnetische c
5 1000000 Kraft §_§
:(0 - == 5
I 100000 -, at ¥
ec [} »
10000 £3 Lo 2
' Schwache Kraft - E E; @ >
] > - =
Maxwell's : £5 £ ¥
ions 5 |
! L] o
equations * " HERA | A 5T
\ I | | ! | Y | l_ >
\ 0°987 6 5 4 3 12 10" 10" 10
\ | Abstand in Metern
i | | |
|  StarkeKraft strong I I

electric

Elektromagnetische Kraft
electromagnetic
Schwache Kraft

l electrowea

Elektro-

weak schwache Kraft

Solar system
gravity schwerkraft

23.-24.7.25 Nlew-ron A. Geiser, Particle Physics
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0 running and Grand Unification

—_—

as(Q

0.25 S amma S
i —4— CMS Rj; ratio —>= HERA
| —— CMS ft prod. —— LEP
0.20] —&— CMS incl. jet —\— PETRA |
[ 4 —— CMS 3-jetmass —V— SPS _
: —(O— Tevatron .
0.15} '
0.10}
[ —— as(Mz) = 0.1171+33028 (3-jet mass)
0051l B os(Mz) = 0.1185 4+ 0.0006 (World average) i
10 100 1000
Q [GeV]
23.-24.7.25

A. Geiser, Particle Physics

with SUSY (see later):

(73]
Q
T 1 1T 11Tl T15r50T ]

D 1 1 1 L L {'
10% 105 1010 10141
Q [GeV]

LHC 6UT

L o, =0.118 0.003

25

24

L1 |-II016
Q [GeV]

hep-ph/0407067 B.Allanach ... P.Zerwas

1019
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An‘rimah:_er'

relativistic Schrodinger equation (Dirac equation)
two solutions:

one with positive, one with negative energy
Dirac: interpret negative solution as a“[inar[ime

1932 antielectrons (positrons) found in conversion
of energy info matter €.D.Anderson

(Nobel 1936)

1995 antihydrogen consisting of antiprotons and ‘ *
positrons produced at CERN £

P.AM.
Dirac
(Nobel 1933)

lllllll

Equal amounts of matter and antimatier are produced

il energy 15 converted o matler |
In principle: antiworld can be built from antimatter
In practice: produced only in accelerators and NS
In cosmic rays

23.-24.7.25 A. Geiser, Particle Physics 10




The Matter Antimatter Puzzle

Why does the Universe look like
this that?

Ly - &

Hubble Deep Field HST - WFPC2

PRC96-01a - ST Scl OPO - January 15, 1996 - R. Williams (ST Scl), NASA

As far as we can see in universe, no large-scale antimatter.

-> need CP violation!

23.-24.7.25 11




The Matter Antimatter Puzzle

Farly Universe 3o fetet,
*— O (0 »
-> particles, anti-particles and =, o e | %

photons in thermal equilibrium <t T e

- colliding, annihilating, being re-created etc.

Slight difference in fundamental interactions between

matter and antimatter ("CP violation™) ?
-> matter slightly more likely to survive

Ratio of baryons (e.g. p, n) to

photons today tells us about this o
asymmetry - it is about 1:10°

23.-24.7.25 A. Geiser, Particle Physics 12



Parity

Chabge
Conjugation

(black —
white)

Like weak interaction, symmetric under CP (at first sight!)

Can there be small deviations from this symmetry?
23.-24.7.25 A. Geiser, Particle Physics 13



CP violation in B meson decays

e% e_
First B Second B

decays decays @)

Decay length
tl ~ 1/4 mm t2
@® oo
- BO
Asymmetry(t) — + BO

@ Simply count decays as
function of t!

23.-24.7.25 A. Geiser, Particle Physics 14




CP violation in B meson decays

Example: measurement from BaBar at SLAC

(also Belle

& 150 | g
at KEK) S | eBugs ea
?.fi = B’ tags N
] 2 100 A
B and anti-B 5 RIR\S .
are indeed nteractions
different
2 9] i I
(also found E | vlo ale :
earlier for 3} , _
Val L. | 5 0 5 Al (ps)
. Fitch  Belle IT continuing (DESY!) §54 |
James W. Cronin (Nobel 1980) more details: lecture Th. Humair M. Kobayczg?blel 2001'). Maskawa

23.-24.7.25 A. Geiser, Particle Physics
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The Mass (BEH) Mechanism

P. Higgs et al. (1964-66,71)

Brout, Englert, Guralnik, Hagen, Kibble, ...

many subvariants

which is right?

Frangois
Englert

(Nobel 2013)

23.-24.7.25 A. Geiser, Particle Physics 17



Fermion Mass from Higgs field?

very brilliant scientist (fermion) ~ N S E

works with speed of light! - ————
; s . room = vacuum
-> "massless : .
‘ - people = Higgs vacuum expectation value
! ¥ g . ;
R “ i if
| i
E;‘

23.-24.7.25 A. Geiser, Particle Physics
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Fermion Mass from Higgs field?

scientist becomes famous!
enters room with people

23.-24.7.25 A. Geiser, Particle Physics 19



Fermion Mass from Higgs field?

i

people cluster around him jpr—
hamper his movement/working speed
-> he becomes "massive"l

23.-24.7.25 A. Geiser, Particle Physics 20



Neutrino oscillations: neutrinos are massive!

Cosmic =
> >
u |
o 3 5
4 8 £
not long enough /| \ £ g
To fosciltate ; 2 |
o4 | Up-
going

0.2

Iong enough«; N | M: | ”_HIIIII

to oscullatei,. ‘1 10 100 1000 10*
e 4 . | L(km) for 1GeV neutrinos

1998

. Takaaki Kajita Arthur McDonald
23.-24.7.25 A. Geiser, Particle Physics (Nobel 2015) 21



What do we know about Neutrino mass?

X normal
V; I

Lo
e
o
=
el
=
w
o
2
0
=
= v, T > 1 meV

..":i (taken from R. B. Patterson, Ann Rev Nucl Part Sci 65 (2015) 177-192.)

! ERO

v, v, Y,
are the masses of Dirac type (generated by Higgs)? nossihly first evidence
or of Majorana type (v's are their own antiparticles, for IthSiCS
masses have non-Standard Model origin)?

CP violation? heyond Standard Model
23.-24.7.25 A. Geiser, Particle Physics 22



Heavy righthanded Majorana Neutrinos?

— ==

e.g. Neutrino Minimal Standard Model (VMSM)  Akasa, Blanchet, Shaposhnikov 2005
1s* generation “heavy” (~keV) neutrino makes up dark matter

2"d and 3 generation heavy (~6eV) neutrinos produce CP violation
-> explain matter-antimatter asymmetry
Look for them in many places, including LHC:

1F

YUNE Jidiee (taken from C. Antel et al.,

arXiv:2305.01715 (2023))

' g i '."..' -\ vy
N HUNTERGY | NAG2Y
laTRIN < N 4
e \_\ »,

c i LA =N A X !
' ks it NEE Wl IO N !
e B Ao s R A \ 1
' Cl (R = \
-, £\ 5 Ll
"y kI i 3. \ ¥ L1 |
N, n 1 | 1y , \ Wl g
Cehaesmsnnn : L\ 5
\ LW T
; - i o \ ...". ; I'\II L
\ \ Wigaion |

10 1| X ) _ _ . .
AN PIONEER " /) o
I PROSI \\\\ CMB +BAO +H, L ‘ , B n\“:'
10—12 L . . . . . . . '-.___wanlw .
10 ° 10 ° 10 3 1 10°

my [GeV]
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top mass (GeV)

The quest for the top quark

Electroweak precision measurements at LEP/CERN

sensitive to top quark mass and Higgs mass (indirect effects)
already before top discovery PP

I
AR
220 ; My= 300GV 4700
J} M
A f
200 — : [
S .\\_ . 'i
180 ~ i . - — o 'H- e T
. e ey TR ____...-1.-.- ; :
o __f‘f =z =3 il £f - i
- / PR _'.a-'.-:‘h"'-':'ﬁ'-sx M'M'M"‘-?'\-.?-\-:'\-r‘-r'xhMMM'M'K%‘-:\_SID W
s l | P 1 ‘% i
W CRn— 4 4 .__.i" [ "I M.
140 é -~ =g Ill"“ H - -_.__.i' : Al : -
/ f __.-"'-- |c§§’|
120 - o i L b —]
WJ{ v W= 0225 1 | 1 | I. Il'i | L1 |
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S o
| g
80 = 5 E ' '
Bt g M), . M,
6l EE_ z oC ( ) 5 ll’l( )
' : AMW J.MW
1994 199 19494 1944 1R 20HHy

. > M, ~ 170 GeV
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The Tevatron (Fermilab)

data taking
ended in 2011

analysis still
ohgoing

Tevatron

iy " -
. . . CPAEY.
:____'- - E e  ——— ?1

Y T . -r
p source >~

Main Injedtof
& Recycler

T

23.-24.7.25 A. Geiser, Particle Physics 25



Top quark discovery (Fermilab 1995)

Top quark actually found
where expected!

Tevatron at Fermilab
(CDF + DO)

measured mass value:
(PDG24)

M., = 172.6 £ 0.3 GeV

[LWOrKS!

23.-24.7.25 A. Geiser, Particle Physics 26




Discovery of perturbatively quasibound tt state
(CMS/ATLAS 2024/25)

W—

CMS 138 fb~1 (13 TeV)
Interpretation: Phys.Lett. B 866 (2025) 139532 { Data mEm tX unc.

| N tt  mem Other
3 | NLO+NLL, NRQCD singlet, ug = g = 2 my — ] 103! . 5 <Cha<l % <Chan<1 |

~ NLO+NLL, NRQCD octet, ug = UF =2 m;
| NLO+NLL, NRQCD sum, Ug = Ug =2 my

25 -

Events / GeV

1.1} Postfit (FO pQCD + BG + n,)

L%H_‘n}lll + |
' D B | !

|— . o(ny) =8.8%14 pb

400 700 1000 1300
myi [GeV]

S
©

Ratio to FO pQCD + BG
=
o

05

o was expected to he
330 340T 350 360 370 380 [IelBClame

Mg (GeV) i
2 M, ine‘e only
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Precision @ LEP, and Higgs

m,. . = 144 GeV . .
6 H insert measured top mass into
5_' Aa®), = | precision measurements at LEP
_ _gggigfggggfg | -> now sensitive to Higgs mass
4 - ++ incl. low Q° data — my < 182 GeV at 95% CL
3 - . c
_ _ LEP direct lower limit:
o _ i my > 114 GeV at 95% CL
1- " -
0 | Excluded \: - Preliminary
30 100 300

m,, [GeV]

23.-24.7.25 A. Geiser, Particle Physics 28



Precision @ LEP and Higgs at LHC

6 . m“mi‘,,: 144 GeV

| andtnere It was!

H->ZZ*-> 4 leptons

(5)
Al 4 =

— 0.02758+0.00035
---- 0.02749+0.00012
. incl. low Q7 data

3 = | CMS preliminary L=5.1and 19.6fb! at Vs=7Tev and 8Tev
20 ¢ data
1 - B z+x
| Bragied
2 — g | [ my =126 Gev
- .: - Z 10+
Y . <
: .l' Q
14 A ~
'.:.' n":‘-. % =
_ -’n:‘ .::. . ’ = 0 _ —
Excluded ¢ . Preliminary . o e 2620 (TTeV, 8TeV)
0 T T T | T ::: oo dp (7TeV, 8TeV)
30 1 00 300 »—<:>.—- o o de (TTeV, 8TeV)
M- o -
—“'-.—:—.—!—.—*O—'—m:}'—.—.—l F;.l'ii—H—H —
H I 1 I [ |
100 120 140 160 180
My (GeV)
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Special Fundamental Physics Prize 2013

— ==

for their leadership role in the scientific endeavour by the Milner Foundation
that led to the discovery of the new Higgs-like particle
by the ATLAS and CMS collaborations at CERN's Large Hadron Collider.

Tejinder
Peter Singh Lyn Fabiola Joe
Jenni, Virdee, Evans, Gianotti, Incandela,
ATLAS CMS LHC ATLAS CMS

Michel
Della Guido

Negra

23.-24.7.25 A. Geiser, Particle Physics 30



The LHC Project

v

recently running pp collisons @ 13.6 Te

R L = S =t | = -
} H%l hr.n_.l"n.q‘:-_--. - b - Ak
" L S = = o, . hr =

!

- 5
= ‘ ’ ."y !
X !'i,u-‘,_ ; b' L 4
/f [.; \ :
; /ﬂ :

}
Do Tl . 3

/’i
"

=
yEL 8
=
-?lu

SL
A ?_p[L,,- bt 4 o/ /
A ’ 4 = w - B

Js
Vl; ;
)

more details: lecture L. Beresford

PN
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Higgs production at LH

C

Evuouon
t.b H
measure gw>

possible

1.0 q . {wi,z
check 3 g 18
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= o

M. Spira, Fortsch. Phys. 40 (199&) 205.
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lDirec’r measurements of Higgs Yukawa couplings l

23.-24.7.25

107 ¢

10

ATLAS and CMS J'HEP08 (2016) 045

3 ATLAS and CMS
- LHC Run 1

—— [M, ¢] fit

[ 68% CL

95% CL

WZ

¢ ATLAS+CMS
------- SM Higgs boson

107" 1

10

Particle mass [GeV]

A. Geiser, Particle Physics

10°

(Run 2 not yet
combined)
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Direct measurements of Higgs Yukawa couplings

ATLAS and CMS, JHEPOS8 (2016) 045

- ATLAS and CMS
LHC Run 1

ug

5.8 0 observed
(June 2018)

e T

5.2 0 observed
(April 2018)

§ ATLAS+CMS

T IIIIII|
1 IIIIIII|

. /T SM Higgs boson i E:ZE:CMISJ’I“ msanes Finie [

wgF preduckion VBF produciion ; - [M E] rt E %14005—::‘:*“"[’:“] 1 :0 mi:ﬁm —i

< A H-bb mEmesucL L A

T i p E} [ omes -1 3]

& 0 ) £ soop- Do = 050 5102602%0300‘

V e li 95 JII{} CL % 600; - Odet:t,7, m, (GeV) "E

q v 2 =4 o I 5

L ] 3 Ll 1 Lol = 0] 400:_ = £

VH production 2 200F———

1 0 1 02 o 50 100 150 200 250 300

5.9 o observed Particle mass [Gev M. (GeV)
losing inl . 5.9 o observed

(December 2014)  Closing in! T A 201

5.6 0 observed (Sept 2018) (August 2017)
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Fundamental Physics breakthrough prize 2025

Nature 607 (2022) 32 MERNEN \oiure 607 (2022) 60
2 ATLASRuno CMS 138 tb™' (13 TeV
E:>.) 1E_ ATLASRUn2 1__"1 ? R R T | ¥ LR R LI “"("[ t "‘)-_
” s i E> |P © m,=125.38 GeV 7 & ]
ol S PR . > F p_ =375% W.-"" ]
u‘°> il ¥ x_is a free parameter g M
Elg 107 E SM prediction e 4g
w - (@] 3 E
& -
B s}
10° gl__ [ b .- ]
E —27 T‘."‘. 3
) B 10 F -®  Leptons and neutrinos _ Quarks §
ok, i
10+ - c 2 - A [ _
E;. | .‘P...l Y y i 2ty sl _"," Force carriers Higgs boson 1
; UpT | piilin ©
= ¥ ] 107%E, o L L 3
5 12f I B _ s g
k 1F I = gﬁ . = cg 1.2¢ 1.08F 3
g 1 ] F‘ BREAKTHROUGH Y & CRR—— {'f .................... 1,00-...‘["}....?.._5
0'8 :_lllll L | 1L 'llll ’—l L Ll lllll L 1 1l lllll L —: PRIZE ‘(:U 0'8;_ 0795- —;'
107" 1 10 10° P —
10" 1 10 10?
Particle mass [GeV] Particle mass (GeV)
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Supersymmetry

A way to solve theoretical problems with
Unification of Forces: Supersymmetry

For each existing particle, introduce similar
particle, with spin different by 1/2 unit

Teiic!nen
0 ¥ more details:
u 0 J o Lecture L. Beresford

23.-24.7.25 A. Geiser, Particle Physics 36




Supersymmetry

double number of particles:

Standard-Teilchen SUSY-Teilchen

Quarks . Leptonen . Kraftteilchen Squarks \) Sleptonen Q SUSY-Kraftteilchen

not seen at LEP, HERA, Tevatron ... -> must be heavy!
(still) hope to see them at LHC | ?

23.-24.7.25 A. Geiser, Particle Physics 37



Dark matter and dark energy

structure of matter distribution and its motion
throughout the universe:

Matter 3.6%
Luminous Matter
0.4%

some potential dark matter particles (e.g. from
supersymmetry) can be probed at LHC
James

others (e.g. axions) through dedicated experiments peepies
(e.g. ALPS@DESY) (Nebel 2019

more details: lecture A. Lindner

23.-24.7.25 A. Geiser, Particle Physics 38



7 i llfmtr nmn A Hunmmd(%‘\l' L. Black Hole merger _ mor'e deTC”[S le o

' '.f_;_;-»an,_ hear the umverse'

N \'»

Albert Ein_s'i;éih‘-;-,

Ghez

Cenzell

IR N’?""ﬁo@\ N
. we can see black holes
3 The project captured this image.
INSPIR AL ™ 3
X v

k. EVe_hT Horizon

I—lGO 2016 Thorne  Barish 3 Roger
(Nobel 2017). ' ,‘;Penr'ose
(Nobel 2020)

~Challenge:

"How to merge 1'h|s with the Standard Model of par'hcle physncs‘?




Unification and Superstrings

— ]

To include gravity in unification of forces,
might need Superstrings (Supersymmetric strings)

23.-24.7.25 A. Geiser, Particle Physics 40



a»
/ KRAFTTEILCHEN

J 9

Punktférmige
Teilchen Strings

23.-24.7.25 A. Geiser, Particle Physics 41



Extra Dimensions?

Superstrings require more than 3+1 dimensions (10 or 11)
additional "extra” dimensions -> “curled up" (?)

Schwerkraft

-///
ng L R o,
— N s % \K = >
w3 WO\ ._

‘,

unser dreidimensionales
Universum

Schwerkraft

-y —— 3

W
A\

Extra-Dimension

potentially measurable
effects, e.g.at LHCI?

23.-24.7.25 A. Geiser, Particle Physics 42



extra dimensions -> micro black holes?

ex’rremely shor"r lived - no indications so far

23.-24.7.25 A. Geiser, Particle Physics 43



The case for an e+

e- Collider

Historically, hadron (proton) and electron colliders

have yielded great symbiosis:

hadron colliders:

discoveries at highest
energies

electron colliders:
discoveries and

precision measurements

latest examples:

Tevatron/LEP ('rocp),
now Higgs at LH
Interna

Being challenged by FCC-ee
23.-24.7.25

ional Linear Collider!
decision unfortunately further delayed

A. Geiser, Particle
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Example: Higgs Physics at the ILC

Self coupling Top-Yukawa coupling

@
=)
c

(e
o®
O
o
c

T
3.

Ve
7))
_‘-

100
Mass (GeV)

all measurable with very high precision!
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The Fu'rur'e Clr'cular' Colllder'

more details: lecture K. BUpe

New ~90 km cnr'cumfer'ence colllder' at CERN

Two stages:

FCC-ee, 2030s
~90-400 GeV

FCC-hh, 2070s
~100 TeV

Highest precision measurements in ee of Higgs and top
couplings, and all other Standard Model Parameters.
Deviations might give hints where to look for new physics (see LEP).

Find this new physiCS in hh (my personal favourite: sphalerons)
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CO smology History of the Universe

Direct link hetween
Particle Physics ana
Cosmology

Increasing energy

-> going further
backwards in time
in the universe

-> getting closer to
the Big Bang
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‘Galaxy

formation
1000 M years

Galaxies begin to form




Elementary Particle Physics is exciting!

We already know a lot, but many open issues

Exciting new insights expected for the
coming decade (e.g. HL-LHC, Belle IT) ! lom me Fu"|

contact: Achim.Geiser@desy.de
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