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The decade of 1969 -1979:

How quarks and gluons became a reality
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How we were incredibly stupid 40 years ago

Paul Séding
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DESY
and Humboldt University zu Berlin




QED — testy: FYZ' KA

CEA, DESY, Novosibirsk, Orsay

Silné interakce: V: :SOk ’, Ch

SU(3) - Gell-Mann, Ne‘eman ener ”,

Quark model — Gell-Mann,Zweilg

Vektorové mezony — VDM model

60. let

Slabé interakce:

Fermi model,

V — Amodel - Feynman Gell - Mann



1954 CERN

1956 SUJV Dubna

1959 DESY Hamburg (18.12.)

/

1964 elektronovy
synchrotron




Prvni (1959 — 1970) a treti (1974 — 1980) Feditelé DESY

Wilibald Jentschke Herwig Schopper

(pozdeji generalni reditelé CERN)
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DESY in 1965: 6 GeV electrons




Fyzika:

Testy platnosti QED

na pr.

:produkce vektorovych mezonu
-jejich/eptonove rozpady
-protonove formfaktory

konkurence CEA 6 GeV-(Harvard)



Experimenty:
elasticky a neelasticky

rozptyl e a ynaprotonu

na priklad:
-nepruzny rozptyl mp nové rezonance?
-rozptyl e namalé uhly
-produkce-mezonu p-polarizov. y
-fotoprodukce 1T mezonu
fotoprodukce neutralnich'mezonu
-experimenty s polariz. tercem




Electron scattering experiments:
DESY -6 GeV
CEA (Cambridge Electron Accelerator) 6 GeV
SLAC (Stanford Linear Accelerator Center) - 20 GeV

Elastic scattering
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S.C.C. Ting W. Sheel, prezident BRD
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T inelastic continuum
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S L AC TARGET DETECTOR

(Stanford Linear
Accelerator Center)




W.K.H. Panowsky H. Schopper S.C.C. Ting

reditel SLAC reditel DESY DESY - MIT



Could / should DESY have done it 7

The electron energy was much lower, but . . .

SLAC DESY (reanalysis)

- =

1 [ = e P

| L an 7 0= =10 e

| Fatsd - T;{f *,;,w v, oD e GG

| ael“;i“r %ﬁ‘n | 1 e e E

— . h % X Tl P b Lo -
1 [ 3 w E-” s %g ]
1

a2 .
e w Lm0 A O

-
£ - h (=]
. 'y =L1F] z - N
I T A R R e P
W | & e
H —. -t . n
= 2 - aF,
I_.. I.I.'rcn‘_ﬂ .
1.&:1._: B

ny .E =2 -

i.'ii-;”--

-

N
[nd 1 1 1 L L

1.; [H 0Lz LY o5 ad arl

1969 SLAC - DIS Youmay vellcal it supiy ..




R. Taylor - (Nobelovy cena) G.-A. Voss



DESY Hamburg:
Doppelring “DORIS” 2 X 3 GeV

Willibald Jentschke

1ec &
rmann

" Erich L



PLUTO naDORIS (supravodiva civka)



DASP naDORIS
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[ na experimentech DESY
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DESY in June 1975:

The DASP experiment at DORIS
/ «5\ " (3.7 GeV) sets the final keystone:
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“Charmonium” = bound €C system

V(r) = —%ﬁn: 7. k~1GeV/fm
r

“From now on it is impossible
not to believe in the quarks!”

Gross, Wilczek, Politzer 1973
t'Hooft, Symanzik 1972




F mezon

Charmed particles Charmed-strange (Dg)
(D mesons) mesons
discovered 1976 by the 1977 first evidence
SLAC-LBL collaboration @ SPEAR by DASP @ DORIS
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Y-rezonance
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NaruSeny zakony zachovani:
--energie,

--hybnosti,

--leptonoveho Cisla




Construction of PETRA

, Crucﬂun s‘h:te.d in 1976
| thanks to H. Schopper and
G.H_. Voss
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AN U .

construction cnmple:l'a in 975,
! 6 months ahead of schedule

! First stored beam in July 1978

First collisions seen in November 1978



The detectors

at the PETRA e*e ring
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Jety (1975 SLAC-Berkeley)




Objev gluonu v DESY (1979)
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Candidate event for BO BO mixingand b - u

ARGUS Observation of semileptonic charmless B-meson decays
Phys. Lett. B234 (1990) 409 (11.1.1990)
received 28.11.1989
CLEO Observation of B-meson semileptonic decays to noncharmed final states

Phys. Rev. Lett. 64 (1990) 16 (1.1.1990)
received 8.11.1989



HERA

Hadron-Elektron-Ring-Anlage

1984 -1992
srazejl se:
820 GeV p; i~ 30GeV. e+, e
projekty:

B. Wik G.- A Voss



1985-1992 HERA Electron-proton collider
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Measurement of NC & CC cross sections

for electron & positron scattering

HERA Il
ﬁ'; g I I T T T I| I ] T T 1T I| I g
] - A # H1e'p NC 03-04 (prel.) l
% 10? S NC & H1epNC2005 (prel) 3 .
CE Ry o zeusepnczoos 3 Cross sections measured over
‘b g_ . -::“ ::UjepNC 04-05{prel.}—§ ﬁ Qrdiri ;f mﬁ gmt!m:
3 - p NC (CTEQSM)
B 101 CC —— SMe&pNC (CTEQEM) |
T = . .
E 1 NC cross section dominated by
3 s 3 photon exchange
B E Z
10°E  * H1e'pCcC03-04 (prel) = .- 1
R = NCe'/e difference due to Z° exchange
= % ZEUS e'p CC 2004 o, =
. ##;% 3 CC cross section similar to NC cross
5L ----- SMe'p CC (CTEQEM) - . . e ae
1078 svepce (creasm) = section at high Q° - EW unification
3 y<09 E .. :
= Pe=0 1 Remaining difference due to PDFs
10—?—I 1 L JIlIIl | | | llllll | 1 —
10° 10*

Q% (GeV?)

Unpolarised cross sections S I a_b é | n te r a_k Gle



HERA |l — polarizace elektron
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HERA-B

studium krasnych kvarku :

produkce,oscilace, naruseni
CP atd.

srazky p (920 GeV) s tercem

experiment skoncil predcasne



TESLA

TeV-Energy-
Superconducting-
Linear-Accelerator

Projekt DESY 1977,
kombinace srazek

elektron-pozitron a
FEL-

Free-Electron- Lase

krome vedy | pro
technologii, biologqii,
lekarstvi atd.
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Volume 278, number 1 PHYSICS LETTERS

27 May 1968

PHOTOPRODUCTION OF VECTOR MESONS
ON PROTONS AT ENERGIES UP TO 5.8 GeV

Aachen-Berlin-Bonn-Hamburg-Heidelberg-Miinchen-Collaboration
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Antarctic-Muon-
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Detection-Array
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Zkouska optickych modult v Zeuthen

pro experiment AMANDA — IceCube






2007 HERA srazky koné

DESY vysledky a Skuplny jdou
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Predsedoveé direktoria DESY (1955 - 1999)
dP— WT

» /

3. H. Schopper, 2. W. Paul, 1. W. Jentschke, 4. V. Soergel, 5. Bjoern Wik gg




Predsedoveé direktoria DESY

Albrecht Wagner (1999-2009) Helmut Dosch (2009- )
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1989 — prof. Volker SOERGEL (vlevo)

v Praze na prezidiu CSAV
podpis smlouvy o spolupraci DESY-CSAV-SAV
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Beam and beam magnets
. Seraioty o Strahtmagnete
. Zentrile Spurenk ammern

(load) "'\'é'-
Elek tromagnetisches Kalorimeter (Blei) | 2.
»

-:-Lnrmy: Calorimeter (stainless steel) ,§'§
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| Experiment H1 |
Vertical cut along the beam/
Langsschnite in Strahlrichitung

Qverall size: 12 x 10 x 15m
Abmessungen: 12 x 710 x 15m
Total weight: 2800 tons
Gesarntgewicht: 2800 Tonnen

Central tracking chambers
Forward tracking chambers
and transition radiators
Vorwiirtsspurenkammern und
Ubergangsstrahlungsmocdul
Electromagnetic Calorimeter

[_] Superconducting coil (1.2 Testa)

Supraleitende Spule (1,2 Tesla)

Compensating magnet
Kompensationsmagnet

Helium i
] e e

Muon chambers
Myon-Kammern

instrumented Iren (iron slabs +
streamer tube detectors)
Instrurnentiertes Eisen (Eisen-
platten + Streamerrahren-Detektoren)

. Muon toroid magnet
Myon-Toroid-Magnet

Warm electromagnetic calorimeter
Warmes elek tromagnetisches
Kalorimeter

Plug calorimeter (Cu,Si)
Vorwdrts-Kelorimeter

Concrete shielding
Betonabschirmung

. Liquid Argon cryostat
F;ﬂ:u:ig Argon glyyotui




jlm // f//
// li

r“

. ) l
u|\\“ T

5

:ir /
<~ /.

e U :);

5t ’\'- b(;’j'v W\H \ ] “

.

N

SPACAL - vlaknovy kalorimetr
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DESY BEST RESULTS

Construction and building of the original big colliders

Deutsches Electron Synchrotron HERA (international)
-Proton form factors. HERA | (1992-2000):
-Validity of QED. -MEASUREMENT OF PROTON
-Inelastic scattering up to STRUCTURE (F;, F3, F\).
(nearly) deep inelastic region. -Determine precise quark, sea and gluon
DORIS PDF’s.
HERA Il (2002-2007, polarization):
-Charmonium excitations and -Measure the helicity distribution of
semileptonic decays. separate quark flavors.
-Y resonance narrow (b quark c.: -1/3). -Measure as running in a single experiment.
-Y-> 3 gluons -2 GLUON -Charge currents, electroweak unification,
-B-Bbar MIXING = CKM matrix. -CC helicity strucfLiemeeemsirmos:
- No top quark, new mass limit. -No leptoqua '
of PQCD.
PETRA -- Diffractive DIS.
-GLUON BREMSSTRAHLUNG - HERMES: spin physics (helicity structure,
-Electroweak interference (Z0) in p &7 pairg. orbital angular momentum, transversity).
-Measurement of as.




prof. Wilibald Jentschke prof. Albrecht Wagner
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prof. Gustav Weber (emer. véd.red. DESY), prof. Carlo Rubia, (emer. gen.fed. CERN)
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prof. Volker Soergel, akademik P.A. Cerenkov



prof. H.Schopper, emer.fed. DESY a CERN, prof. P.Soeding, emer.red. DESY II-Zeuthen



Prvni predsedove direktoria DESY Hamburg



Prvni pozorovani ptvabné-podivnhého mezonu F (]
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1985-1992 HERA Electron-proton collider







4 Hauptkirche St. Nikolai am Klosterstern

Haydn-Messe

im Gottesdienst

27. Juni 1999, 10.00 Uhr

8 (4. Sonntag nach Trinitatis)

j | iJoseph Haydn: Missa Sancti Nicolai (Nicolai-
\ Messe) fiir Soli, Chor und Orchester

g i . Begriilung
&-—:“ Eingangslied: EG 443,1.2.6
i ST Kantorei: Kyrie, Gloria

g Salutatio, Konekte :
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