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John Dainton and the H1 
Experiment

… with thanks to Tim Greenshaw, Max Klein, Sergey 
Levonian, Girish Patel and (in particular) Jan Olsson …



A quote I ‘nicked’ from John

“It would be of great scientific 
interest if it were possible to 
have a supply of electrons … 
of which the individual energy 
of motion is greater even than 
that of the alpha particle.” 
 
Ernest Rutherford, 
Royal Society, London, (as PRS) 
30 Nov 1927



HERA, DESY, 
Hamburg

e (27.5 GeV)

P (920 GeV)

… so far still the only collider of 
electron and proton beams ever 

Equivalent to a 50 TeV beam on
a fixed target proton

(Data taking 
1992-2007)

√sep ~ 300 GeV

ZEUS

e (27.5 GeV)

P (920 GeV)



Where did all this start?

Brian Foster - ZEUS & Nev
5

The early meetings
Genoa ‘84.   

2004: Genoa Discussion
Meeting on HERA 
Experiments …

…formation of collaborations

H1 ZEUS

[Franz Eisele]



Towards an LOI

… but times got hard … 
- Only minor US, Italy 
involvement,
- Karlsruhe withdrew
- …



Rescuing H1
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[Bill Haynes]

- Attempts at Quantitative
Easing failed
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[Bill Haynes]

- Attempts at Quantitative
Easing Failed

- Engagement with Eastern
Europe pivotal in realising H1
- A programme supported and
continued by John

+ later … Montenegro,
  Bulgaria, Armenia



Origins of the 
Forward Tracker

(Minutes by 
Girish Patel)



A later summary [Robin Marshall]



Developing Collaboration

April 1986,
DESY



Developing Collaboration

April 1986,
DESY

April 1989,Manchester



Dainton’s 1st 
H1 plenary talk?

… and an early example
of ‘Dainton-speak’?



Completed Forward Tracker



The Completed 
Forward Tracker



H1 on Paper

Protons
At 920 GeV

Electrons
At 27.5 GeV



H1 in Reality

… data taking begins in 1992 …



First Results: Slides from C Vallee, Moriond ‘93

Notes:
- Wobbly plots!?
- `Questionable’ control plots
- Remarkable rise of F2 at low x 
- Remarkable conclusions 



‘HERA – the new frontier for QCD’,
Durham, March 1993

Progenitor of ‘DIS’ Conference series  



‘HERA – the new frontier for QCD’,
Durham, March 1993

Progenitor of ‘DIS’ Conference series  



‘HERA – the new frontier for QCD’,
Durham, March 1993

Progenitor of ‘DIS’ Conference series  



Another Famous Photograph (H1, March 1994)



Another Famous Photograph (H1, March 1994)

PRN … still trying to 
understand why 
there were no
forward muons



What had been 
discovered?

… the birth of 
experimental 
low-x physics 

Q2 = 4 momentum transfer squared

x = fraction of proton momentum 
carried by struck quark  



Quarks at modest resolution (Q2)

A ‘naiive 
QPM’ view



Quarks at higher resolution (Q2)



Quarks at high resolution (Q2)



Quarks at very high resolution (Q2)



Quarks at large x



Decrease x: gluons à sea quarks & antiquarks



Decrease x Further



Consequences of such a dense parton system?

… does the proton even ‘saturate’ e.g. through ggàg?



… One of the Consequences …

‘Standard’ Event ‘Rapidity Gap’ Event



First discussion in H1 ‘HADES’ group



… Interpreting Rapidity Gaps …

H1 quickly developed techniques to 
distinguish using an array of forward detectors



… Birth of H1 Diffractive Group

Conveners: John Dainton,Julian Phillips … ‘special humour’!

‘Wunderkinder’: Andrew Mehta and Julian Phillips

… Pomerons
… Regge theory
… S matrix
… Old text books

Nobody expected
HERA physics to

be like this!



John was now in his element!
- Many worked on this, but the 
basic picture was articulated 
by John, down to the naming 
of the xIP and b variables

- Love of the (scientific)
language and insistence on 
saying exactly what was 
warranted by the data (and 
no more) could occasionally
cause complications with
collaborators



Stamp Plots, Factorisation, Pomeron Structure 

… basic observation 
of a ‘factorisation’: 
      - IP flux (xIP, t)
- DIS from IP (b, Q2) 

1993



- From ‘T0’ talk (JBD)
- Most of what we know …

Publication 
of 1993 Data



More Data – the stamp plot expands!
H1 1994 Data
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Subtle ‘sub-leading’ effects
when plotted on linear sclae



Ultimately: The deep-inelastic structure of 
strongly interacting colourless exchange
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Figure 12: Comparison on a linear z scale between the total quark singlet and gluon distribu-
tions obtained from the ‘H1 2006 DPDF Fit A’ and the ‘H1 2006 DPDF Fit B’. These two fits
differ in the parameterisation chosen for the gluon density at the starting scale for QCD evo-
lution. The DPDFs are shown at four different values of Q2 for the range 0.0043 < z < 0.8,
corresponding approximately to that of the measurement. For ‘Fit A’, the central result is shown
as a light coloured central line, which is surrounded by inner error bands corresponding to the
experimental uncertainties and outer error bands corresponding to the experimental and theo-
retical uncertainties added in quadrature. For ‘Fit B’, only the total uncertainty is shown.
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- ‘Pomeron’ in DIS is 
basically a ‘soft’ object, 
with a Deep inelastic 
structure that is dominated
by gluons carrying a large
fraction of its momentum

- That structure can be
universally applied to 
describe diffractive final 
state data

- ‘H1 Fit B’ became the 
standard diffractive PDFs
used in models eg at LHC

1997 data



John as H1 Physics Coordinator:
Summer 1995 – Summer 1997

e.g. Interplays between 
scales … Low Q2 jets & 
virtual photon ‘structure’

e.g. corroborating the
gluon … a first glimpse of FL

A pivotal time for H1: Many results emerging on the 
excellent 1994 data set (a ‘massive’ 2 pb-1)



Feb 1997: Two seminal papers



High Q2 Strikes back: Leptoquarks?

- One minute you’re taking on the Physics
Coordinator role, busy developing low x QCD
- The next you’re wrapped up in potentially 
Nobel prize-winning fundamental discovery! 

… High Q2 ‘anomaly’ in 1994-6 data
… Rumours that ZEUS had something too 

e

q

e

q
~

c0

~?



Ralf Eichler, H1 Collab Meet, 
Feb 1997

The ‘famous’
final reading

(… and an incident
involving a seemingly 
innocent punctuation 
mark) 



1997 Data Added … and ZEUS comparisons

- 1997 data didn’t add to the excess, but it didn’t go away
- Were H1 and ZEUS excesses compatible with one another?

- More data needed …
- What would e-p data show us? … planned for 1998 …



John as H1 Spokesperson (Sept ’97-Sept ’99)

[Sept 1998 (Cracow)]

[also Feb’98 and June’98]

     Developing presentational techniques



HERA / H1 Performance 1998

- While you’re trying to confirm 
your potentially field-changing
result …
 
- Poor (e-p) luminosity delivery 
- Large beam-backgrounds
      … c.f. (97 was 32pb-1)



HERA / H1 Performance 1998

- While you’re trying to confirm 
your potentially field-changing
result …
 
- Poor (e-p) luminosity delivery 
- Large beam-backgrounds
      … c.f. (97 was 32pb-1)

[Conclusion of Sept 
‘98 Spokesperson report



1999-00 was much better
Hard work and task forces …  and back to e+p from mid 1999 …



Physics outputs: Spring Conferences 1999

Gluon density from jets,
now routinely included 

in DGLAP PDF fits

First sight of high lumi e+ v e-:

Space-like EW unification

High Q2 excitement starting to dissipate, but text-book plots …



Motivating the 2000-1 Upgrade

October 1997 
Spokesperson

report

Never forget
the Gantt 
Chart …



Establishing the 2000-1 Upgrade

Getting the upgrade approved (many DESY PRC meetings)
and on track (thereby keeping engineers close) was arguably 
John’s most lasting contribution to H1 …
  … ensuring we could run until the end of HERA

February 1999
Sokesperson

report

… very
ambitious!

… and it worked!



FTD Upgrade
New planar chambers

built at Daresbury

Tim Greenshaw and
Graham Houghton



Spokesmanship 
Handover



Spokesmanship 
Handover

Some Immediate 
Recognition



… active to the end of 
HERA data taking … 

Available manpower inversely 
proportional to available data?



Elder Statesman H1 Collaboration Meeting
Heidelberg Germany
September 2010

ep Physics: a Cornerstone
A somewhat personal, and therefore perhaps a 

somewhat eccentric and certainly idiosyncratic, view !

ep Physics: a Cornerstone
A somewhat personal, and therefore perhaps a 

somewhat eccentric and certainly idiosyncratic, view !

John Dainton
University of Liverpool and the Cockcroft Institute

1. Perspective

2. Introduction

3. The Fermi scale – H1 (1983 - ?)

4. Beyond the Fermi scale? (1986/2006 - ?)

5. Conclusion and Postscript

J.B.Dainton@cockcroft.ac.uk



Legacy: H1 Top Cited Papers 1-5

1996-7 data

JBD PC



Legacy: H1 Top Cited Papers 6-10

F2
D 94 data

JBD PC

F2
D 97 data

Leptoquarks
JBD PC

99-00 data



Legacy: H1 Top Cited Papers 11-15

Diffraction 92

F2
D 93 data

More diff …
99-00 data



Legacy: H1 Top Cited Papers 16-20

JBD PC

JBD Spokes

JBD PC

More diff …
97 data

My fault!



Future lepton-hadron scattering

,

– an idea that may yet 
have its day at CERN

Electron Ion Collider,
BNL, 2030++ …
- 3D proton structure 
- John remains an active 
member of the ePIC
collaboration 



DIS now and in the future
John remains a strong 

supporter of the 
ongoing DIS 

conference series,
after 30 episodes 



Closing Thoughts
Life moved fast in those days! From the first HERA results
to the end of John’s tenure as H1 spokesperson was 6 years!

While e+e- and pp physics is about collisions, ep physics is more 
about scattering. It inherits ideas and techniques of probing 
matter, traceable through fixed target physics to Rutherford.
 à John understands that like nobody else I know. At 
HERA, he reinvigorated seemingly obsolete scattering theory 
ideas that have taught us a lot about vacuum-exchange at high 
energy, and the structure of matter.

- John Dainton fostered a uniquely ‘H1’ style of collaborating:
 à friendly, supportive and inclusive to all who honestly 
contribute, ultimately driven by a belief in the science and an 
unwavering excitement at its advancement.
 à Many of us owe a debt to your encouragement, 
motivation and knowledge .



Thank you 
John!


