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e The early days - HERA & ZEUS
e The ZEUS detector
e The CTD & its electronics

e Installation
e A case study - the leptoquark
e Physics Highlights & final words
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Prehistory

The SLAC-MIT experiment and the
discovery of partons at SLAC in the 60s
made it plain that lepton-proton scattering
was a very powerful technlque.
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The early meetings

e HERA concept —27.5 GeV e'/e’, 920 GeV p —
in late 70’°s/early 80’s - DESY meeting in ‘79;
Amsterdam & Genoa meetings in ‘83, ‘84.
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The early meetings

e Amsterdam in ‘83.
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The early meetings

e Genoa ‘84.
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ZEUS begins

ZEUS formed and put in an Lol in 1985 &
a TP in 1986. In the meantime, HERA had

been aproved in 1984:
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The ZEUS detector

ZEUS grew out of a core of TASSO the
chief actors |

shared a view V‘"_;T
M :_j‘li{ "l
of physics. D

The design
drivers were:
best possible
energy res.
=> Uranium;
compact,
high-performance, multi-function tracking.

ZEUS(HERA).
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ZEUS Central Tracking Detector

e The TASSO DC had been a great success - but

moderate resolution, single function. ZEUS CTD was
to have small cells cf TASSO, but to sing, dance, etc.

Brian Foster - ZEUS & Nev



ZEUS CTD

e The TASSO DC had been a great success - but
moderate resolution, single function. ZEUS CTD was
to have small cells cf TASSO, but to sing, dance, etc.
Detailed design strongly influenced by CDF CTC.
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Nev appears

Testing z-by-timing

Brian Foster - ZEUS & Nev

10



%)

CTD

CTD Electronics

1 of 16 radial
wedges.

16 racks
in Rucksack

42 m cable L
-] R -
. ToSLT/DAQ | FADCs L
~~—] A
|
A
Signals fromCTD _ |L
- x| Postamplifiers | o
Calibration signals '\
10 CTD £
Trigger \‘

— : R ;
interconnect | b4
bus c z/trigger :

~—] :
To SLT/DAQ
[)
pipelined FAL <
ay I




CTD Electronics

Oxford University, England, U.K.

It was so state-of-art

that we even predicted
“The Simpsons”.

T

~ -
 Douglas Gin,

" ‘ . 4 g /
grich Phillip Hallam-Baker Neville Harnew

One of
the heroes
of the

story.
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/-by-timing

z-by-timing readout

Chamber ere

A

/. Measurement

\

Track

Start

Stop'

B. Foster - Drift chambers & CTD

Wires terminated with LC - C
from capacitance of feed-
throughs + L = 1uH - to match
characteristic impedance - but
remaining mismatch = > S-
Shape correction made online
for FLT by PROMS on Z-by-T
boards as well as offline
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CTD operation

®  z-by-timing readout

» Digitised z positions stored in pipeline every 48ns

 Position 1n pipeline gives crude drift time measurement
» Data latched out to FLT every 48ns

* Data copied to dual-port memory on GFLT accept

FLT
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Z. Electronics

e Nev (& Tariq) got this
all up and running &
it worked perfectly!
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ZEUS collaboration

e The ZEUS Collaboration around approval
in 1986.
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ZEUS installation
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ZEUS installation
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Z.EUS installation
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The first lumi was seen in ZEUS at 17:40

on 31/5/92 - 1st 5 DIS events seen that day.

First paper on the total cross section
followed in September.

Photoprodtjction
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Z.EUS Control Room
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CTD operation

Typical DQM plots for z-by-timing system:
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The LQ - a case study

e Nev’s contribution to ZEUS physics:

Physics Letiers B 306 (1993) 173-186 PHYSICS LETTERS 8
North-Holland

Search for leptoquarks with the ZEUS detector
ZEUS Collaboration

M. Derrick, D. Krakauer , S. Magill, B. Musgrave , J. Repond., S. Repond,, R. Stanek,
R.L. Talaga, J. Thron

Argonne National Laboratory, Argonne. JL, USA
F. Arzarells

P. Bruni, G. Cara Romeo ., G. Castellini 2, M. Chiarini,
A. Contin, S. D’Aur Del Papa, F. Frasconi, P. Giusti, G. Iacobucci, G. Laurenti,

G. Levi, Q. Lin, B. Lisowski, G. Maccarrone, A. Margotti, T. Massa Nania. C. Nemoz,

F. Palmonari, G. Sartorelli, R. Timellini, Y. Zamora Garcia', A. Zichichi

University and INFN Bologna, Bologna, Italy

A. Bargende tenden . H. Dabbous?, K. Desch, B. Diekmann, T. Doeker, M. Geerts,
G. Geitz, B. jahr, H. Hartmann, D. Haun, K. Heinloth, E. Hilger, H.-P. Jak

akob,
S. Kramarczyk , M es, A. Mass , S. Mengel, J. Mollen, D. Monaldi, H. Miisch . E. Paul,
R. Schattcvoy , J.-L. Schneider, R. Wedemeyer

Physikalisches Institut der Universitdt Bonn. Bonn. FRG

A. Cassidy , D.G. Cussans, N. Dyce, H.F. Fawcett, B. Foster, R. Gilmore , G.P. Heath,
M. Lancaster, T.J. Llewellyn, J. Malos, C.J.S. Morgado, R.J. Tapper, $.S. Wilson

Bristol University, Bristol, UK

R.R. Rau

Brookhaven National Laboratory, Upton, L1, NY, USA

M. Arneodo, T. Barillari, M. Schioppa , G. Susinno

Calabria University, Physics Department and INFYN, Cosenza. Italy

A. Bernstein . A. Caldwell, 1. Gialas, J.A. Parsons, S. Ritz, F. Sciulli*, P.B. Straub, L. Wai,
S. Yang

Columibia University, Nevis Labs.. Irvingion on Hudson, NY, USA

J. Chwastow: Dwurainy, A. Eskreys, Z. Jakubowski®, B. Niziof, K. Piotrzkowski ,
M. Zachara, L. Zawiejski

Institute of Nuclear Physics, Cracow, Poland

0370-2693/93/$ 06.00 © 1993-Elsevier Science Publishers B.Y. All rights reserved

number of events

Fig. 1. Distribution in xps of the 465 events with
xpa > 0.001 in the final NC search sample (1659 candi-
dates). The data (circles) are shown with statistical error
bars. The Monte Carlo prediction, normalized to the data
luminosity, is shown as the open dashed histogram. The
shaded histogram at xps ~ 0.25 corresponds to the ex-
pected signal from a leptoquark of mass M g = 150 GeV
with electroweak coupling. The same distribution on an ex-
pandcd scale is shown in the inset at the upper right of the
figure.

e LQs saw the one occasion where H1
& ZEUS agreed - well, sort of.
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Rich history of HERA LQ

o 1996-97: both collaborations became excited
about an excess of events at high-x, high-Q~>.
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Were the excesses real? Were they compatible?
What should we say? H1 & ZEUS press release

caused theoretician orgasm — 100s of papers.
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Rich history of ZEUS LQ

But hope springs eternal!

PHYSICAL REVIEW D 99, 092006 (2019)

Limits on contact interactions and leptoquarks at HERA

H. Abramowicz,”" I. / d nu»k M. Adamus,* R A\"u«m\.nl
U. Behrens,” A. Bertolin,” I Blm 1. Brock . R Brugner: u Bruni,' P.J. Busse
M. Capua.* C.D. Catterall,” J. Chwastowski,” i ski,”™ R. (lk‘\ld\k .7 A. M. Cooper-Sarka
" R.C.E. Devenish, ™ '), Fermando,” B. Foster,” E. Gallo."™* A. Garf,
). Hlushchenko,'™*
Kadenko,' S. Kananov,” U. Karshon,™ P. Kaur,
A. Kotariski." N. Kov ghuk.“ H. Kowalski,”
"M lx\o\\x " B. Lot Lohrmann,"
H ohammad N
M. \u.h\m
, M. Prnh\ ef,
) 'hchcglm:
> P L. Sta :m.u ! i S l P H \umm
I\ Tokushuku,' J Tom.l\/uu M. Tun.m»
. A.T. Wan Abdullah,® K. \\mhm.mn' ving,”"* S. Yamada,"
Zenaiev,” and B. O. Zha

(ZEUS Collaboration)

'INFN Bologna, Bologna, Italy
*Physikalisches Institut der Universitit Bonn, Bonn, Germany
*Panjab University, Department of Physics, Chandigarh, India
“alabria University, Physics Department and 1 Cosenza, laly
ional Centre for Particle Physics, Universiti Malaya, 50603 Kuala Lumpur, Malaysia
“The Henryk Niewodniczanski Institute of Nuclear Physics, Polish Academy of Sciences, Krakow, Poland
"AGH University of Science and Technology, Faculty of Physics and Applied Computer Scie
rakow, Poland
*Department of Physics, Jagellonian University, Krakow, Poland
*Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany
"Deutsches Elektronen-Synchrotron Di Zeuthen, Germany
School of Physics and Astronomy. University of Glasgow, Glasgow, United Kingdom
iS1 Helmholtzzentrum fiir Schwerionenforschung GmbH, Darmstads, Germany
“"Hamburg University, Institute of Experimental Physics, Hamburg, Germany
“Physikalisches Institut of the Univ cide videlberg, Germany
“Institute of Particle and Nuclear Studies, KEK, Tsukuba, Japan
“Institute of Physics and Technology of Ministry of Education and Science of Kazakhstan,
Almaty, Kazakhstan

Institute for Nuclear Research, National Academy of Sciences, Kyiv, Ukraine
l)qmrnmlll of Nuclear Physics, National Taras Shevchenko University of Kyiv, Kyiv, Ukraine
viji Gakuin University, Faculty of General Education, Yokohama, Japan
“Lomonasov Moscow State University, Skobeltsyn Institute of Nuclear Physics, Moscow, Russia
Max-Planck-Institut fiir Physik, Miinchen, Germany
“Deparmient of Physics, University of Oxford, Oxford, United Kingdom
Yadova, Padova, ltaly
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FIG. 6. HERA (a) ¢ p and (b) ¢~ p NC DIS data, relative to the
SM expectations based on the ZCIPDF fit to the HERA inclusive
data, compared to expectations from the S¢ and V¥ leptoquark
models with the ratios of the LQ Yukawa couplings to the LQ
mass, /M, corresponding to the 95% C.L. limits. The same two
models are shown on both plots. The bands represent the total
uncertainty on the ZCIPDF fit predictions.

More papers in the pipeline —

although not on LQ.
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d’c /dx dQ* [nb/GeV’]

Physics highlights
So no Qs — but plenty else!

(d)

ceeeeee MT B2
—— MRSDO
}-. ---- MTB1

- 0.0005 < x < 0.0015

Brian Foster - ZEUS & Nev

2

1
@ (GeVA)

H1 and ZEUS

ews Xy =000008,i=21
X = 0.00008, =20

- Ui

e HERANCep04 b’
® HERANC e'p 0.5fb~"
Vs =318 GeV

-

-:M

Xy = 0.00013, i=19
gy = 0.00020, i=18

Fixed Target
=== HERAPDF2.0 ¢ p NNLO

. Xg; = 0.00032, =17
= T aa Xg; = 0.0005, i=16

wes HERAPDF2.0 ¢'p NNLO

- ,,./*"M Xy = 0.0008, i=15

. ..w xy; = 0.0013, =14

_a Xy =0.0020, =13

s W Xy = 0.0032,i=12

Xgy = 0.005, i=11
Xgy = 0.008,i=10
Xg; = 0013, =9
Xpy=0.02,i=8

. WM xy; = 0.032,i=7

~ooou

Xy = 0.5, i=6
Xy =008, i=5

——t—""

-3

xg; = 0.13,i=4

e, o

o

e o
Xpy=025,i=2

Xg; =040, i=1
X, = 065, =0

5

10
Q% GeV?

do/dQ? (pb/GeV?)

H1 and ZEUS

T T T T T T

O  HERANC €p 04 fb"
HERA NC ¢'p 0.5 fb”

wess HERAPDF2.0 NC €'p
wess HERAPDF2.0 NC ¢'p

y<09
\s =318 GeV

VAL m R e A R R e S e
i | ™ ™ | i ™ ™ “?)

® HERACCep04m’
® HERACC¢'p0sm!
s HERAPDF2.0 CC ep
wess HERAPDF2.0 CC ¢'p

Lol Ll

11l

PRTITTY BRI EERTTTT SR |

e

ol 3 sl

~O-
1ot

criiud

Charged Current e “p Scattering

<
e

2
P
o
o
e

T rr [ 1 1 17

ep - vX
e H1 Data 2005 (prel.)
©H1 Data 98-99

A ZEUS Data 98-99
e’p - WX

* ® H1 Data

K A ZEUS Data

L)
0,
4 8
SM (H1 PDF 2000)

L8

Q%> 400 GeV?
y<09

A ZEUS Data 04-05(prel.)

=

J°®




A new collaboration

Understanding USS — the final frontier
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Inflation index %
4 Interest rate %
5 Starting personal allowance
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Which Kami-Kwasi

has now simplified to
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e Nev—it’s been a blast!
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