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Introduction 
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Photons – high precision tools to study  the structure of molecules, 
atoms, nuclei and nucleons
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  Photons of energy in the range of sub-eV to hundreds of MeV
  (wavelengths comparable to the size of objects) 
                  

g-rays X-rays 



µ+

µ-

Photon – a tool to produce elementary particles of matter and 
antimatter (with identical  characteristics) and exotic composite objects 
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  Require photons of the energy  langer than  ~1  MeV (g-rays) 
                  

p+

p-

e+

e-

Exotic neutron-rich nuclei



Photon – a tool to produce DARK MATTER (DM) particles  
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DM DM DM 

Search phase  

“Production” phase DM examples 



7

Photons as research tools:
Extraordinary precision of Quantum Electrodynamics    

photon 

muon 

muon 
g – measured magnetic moment of the muon
Dirac equation: g =2   
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Photon probe of hadronic media (sub-femto-meter distances)  
Light cone variables 

medium
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EIC EIC



The past:  
CERN/SLAC/DESY/GSI/BNL 

 (personal recollections)
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The 80-ties:  my SLAC recollections   

1. Longitudinally and transversely polarised virtual photons 

2. Filtering leading  from higher twist processes (SLAC E140) 

3. Photons, dark photons and axions (SLAC E141) 
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SLAC – 8 GeV spectrometer

perturbative QCD

perturbative QCD
+ Higher Twists

Importance of HT contribution !



1986 - GSI peaks -heavy ion collisions 
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sparking of the vacuum:
For Z> 173 electron binding energy exceeds 2mec2 

Found peaks in 
the positron and 
electron spectra 
…

Surprisingly, 
independent of 
the charge of 
colliding ions ~Z20 

dependence !!!
 U-U, U-Th, U-Cm, 
Th-Th, Cm-Cm



…and their interpretation as discovery of  a 1.8 
MeV scalar (pseudoscalar) particle 
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exp.data

simulated 
decays of 
a 1. 8 MeV 
scalar or 
pseudoscalar
particle  



The E141 experiment at SLAC
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E141 proposal by M.W. Krasny, 
K. Lang, A.Para, M. Riordan,
with a big help from J. Bjorken (Bj)

Wit Busza and 
J. Dorfan referees  

Final results presented at the Rochester Conference in Berkeley. July, 1986  

>500 citations

.. A revival of the interest in searches of anthropological dark matter ~10 new experiments  



Use of the existing SLAC infrastructure,  electronics, beam 
monitoring system… 

Electron beam e+/e- detector 0- angle swing  
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SIMPLE CONCEPT: 

…BUT: 
•S/B ~ 10 -15 

•NO MONTE-CARLO SIMULATIONS

•ALLOWED BUDGET < 150 000 $

•EXP PROPOSED BY A THREE SHORT TERM “Polish” POST-DOCS … 
AND A BOOK-WRITER 
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Model dependent  searches

e+

e-e- A’

Need to generate 10 19 cascades  … Monte-Carlo methods useless
Approximate calculation methods fail in reaching the requisite precision 

                                       …specially designed precision measurement method obligatory 

Canonical procedure: 

Measure Ne+e-,at angle 0 o  (low mass), calculate (Monte Carlo) Nback,
If Ne+e-,> Nback discovery, otherwise rejection limits… 
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E141 concept of model independent searches  

Run 1:   dump thickness d=d1, length l=l1 ,  gbeam = g0 , B spectr = B 

NA ~ exp{-l/ctg)
NB ~ exp{-d/X0)

N0

N0

N1

N2

Run 2:   dump thickness d=d1, length l=l2 +,  gbeam = g0 , B spectr = B 

if (N2<N1)-discovery

N0 N3 measure N3/(N1-N2)
A’ absorption cross-section

Run 3:   dump thickness d=d2, length l=l2 +,  gbeam = g0 , B spectr = B 

Repeat Run 1-3: for B  ---> -B   and gbeam = 2g0 
 to verify the hypothesis of a decay of a neutral particle 
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The 90-ties: preparatory steps  for the  
low-x measurements at HERA 

1. Detector upgrade(s) – HERA detectors  have not been optimized to 
addressed the low-x physics!

2. Adequate measurement techniques (creation of the Brussels, Paris, 
Saclay (BPS) group)

3. Experimental control of radiative corrections (creation of the DESY 
radiative correction group – together with H. Spiesberger)

4. Creation of a a new,  low-x specific, QCD analysis tools

5. Generic analysis of of the Large-ET  processes at HERA – A task force
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Why low-x? -- Partonic distributions in the 
light-cone,  space-time coordinates 

Valence quarks 

Proton size  

Nucleus size 

Sea quarks 
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1991 – the H1 detector upgrade proposal: 
precision measurements in the low-x region  

Low-xà low angle scattering 

electron

electron proton
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Low-x  region specific problem  – large  radiative corrections  
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HERA low-x - measurement techniques in presence of 
a large EM radiative corrections 

We want to measure 
ds/dxdQ2) at a given (x,Q2)

The knowledge of 
ds/dxdQ2) over the
 full x’>x is required, 
…in particular  in the 
region marked by the 
lines corresponding to 
collinear singularities
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The basic experimental question which had to 
be  answered in 1992: 

(conditioning the subsequent phenomenological development of the small-x 
physics) 

how fast  partonic densities 
rise in the small-x region?
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1992 - Two independent …and competing data analyses 

Analysis by the group  led by M. Klein 
and A.De Roeck, (and published in 
Phys.Lett. B299, January 1993) indicated 
“almost flat” (MRS D0 -type) partonic  
densities for x à 0 

 

Analysis by the BPS group,   (presented 
for the first time at DESY  in December 
1992) suggested a strong (MRS D-  like) 
rise of  partonic densities for for x à 0 
(full collected data) 
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CDHS detector 

The  first–ever QCD analysis of the double-differential 
neutrino and antineutrino cross sections  
arrival of CRAY machines to CERN in the 80-ties -PDFs
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… a natural question followed immediately…  
Can  HERA provide an evidence for the  partonic saturation (recombination) effects in 
the Q2-evolution of partonic densities (independently of the assumed form of partonic 
distributions at fixed Q0

2 scale)? 

What  measurements, detector and machine upgrades are necessary to achieve 
the requisite precision? 
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HERA  experiments will be unable to establish the existence  of the saturation effects
unless specific actions are taker! 
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… and its impact … 

1. Quantitative arguments for  extending  the measurement of the scattered 
electron down to lower angles (feedback on the H1 detector upgrade) 

2. Importance of  independent  constraints on the gluon distribution coming from 
a precision measurement of FL(x,Q2) (feedback on the SPACAL

      front-end  electronic design and on the HERA machine operation modes)

3.  Importance of an extension of the HERA research programme: storage and 
     collisions of heavy and light ion beams with electrons  (gain the A1/3   factor in 
     the transverse-plane density of partons) 

 



The role of nuclear beams for the Future HERA programme 

M.W.K,  summary talk  at the  1996 HERA workshop
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…selected two  points of the 
memorandum  to DESY directors:
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A support for the initiative coming from USA: 
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Towards a dedicated QCD-research program for  DESY 
(1994-1999)

• Proposal of the HERA upgrade (nuclear beams, accelerator 
and detector upgrades discussions at the Paris DIS workshop 
in 1995 and the  HERA 1996 workshop)

• 1995 -- Creation of the study group ( ~60 physicists participated 
in studies of nuclear beams option for HERA)

• An initiative of  a  joint  European (DESY, GSI, NUPECC) QCD 
research program and its specialized electron-ion collider 
facility at DESY (Seeheim meeting 1997) 
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The context of the 1997 Seeheim meeting

• Parallel to the HERA operation,  the European nuclear physics  community 
(NuPECC) had been  searching for the next nuclear facility capable study  the 
physics of strongly interacting matter with electron probes

• GSI had been developing the ENC project 
• NuPECC (in particular FRANCE) had been developing the ELFE concept of a 

high luminosity fixed target electron accelerator for a CEBAF-like programme 
• DESY  had  just proven -- contrary to initial expectations -- its capacity to address 

strong interaction physics with its HERA programme
• The main question was if ( and how) the three projects could be combined 

into a joint European project, having as an ultimate goal to become a world  
facility to  address the strong interaction physics, both in terms of nucleon 
and of quark and gluon degrees of freedom (… and linking them).
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F. Willeke
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Three main problems to reach a requisite luminosity at HERA
(existing already for protons but significantly more severe
for ions) : 

• The emittance blow up in the chain of HERA  injectors
•  Intra-beam scattering 
•  Slow ramping time

GSI interested in construction of the pre-injector chain for DESY 
(the estimated cost 25 MDM  -- e.g. a ~2% of the cost  the high luminosity 
CERN-LHC upgrade)
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How to merge the presented 
three proposals into a single 
QCD-research facility ?

M.W.K,  Seeheim M.W.K,  Seeheim  

4p coverage 
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My main intransigent points (1997):

- The QCD programme must include a development of high intensity sources of 
both isoscalar ions (including deuterium) and the  highest Z ions, and their low 
emittance pre-injector(s) 

- One of its detectors for must have a full 4p acceptance (allowing to detect all the 
fragments of the nucleus) 

- The “HERA leg” of this programme requires a factor of  O(100)  increase of the 
collider luminosity :

             -- statistics:  F2
c, F2

b, FL, EW, multidimensional studies
             -- systematics: drastic reduction of  syst.  errors (e.g. x and Q2 
                scans at fixed theta as a function of (En  Ee)

-  RHIC was expected to start in 2000 and the LHC in 2006 –> the DESY QCD 
program --  capable to provide a  vital  input for the interpretation of the RHIC and 
the LHC data --  must start before (or soon after) the start of the  RHIC and LHC  
operation 
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Two  important hurdles at DESY:

•  difficult to reconcile between TESLA proposal – and  the QCD facility at 
DESY à B.Wiik’s (wait and see) strategy

• The lepto-quark  and supersymmetry “ghosts”  invaded HERA  –> strong  
political push (scientific populism)  by the H1 and ZEUS spokesman's,  
physics       coordinators and, finally, by the H1 and ZEUS collaboration 
members  for the so-called “high-lumi”, small b*  magnet-insert, HERA 
programme (despite the unquestionable  experimental evidence, provided 
by the “Generic Analysis Group”  that the claimed  BSM signals were 
fake, and despite a  clear assessment that the high-lumi programme will 
hardly improve already published HERA results) 
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1999 – the end of a dream of the  European 
QCD-facility at DESY   

- B. Wiik’s unfortunate accident --
   TESLA project loses its momentum and is  finally abandoned 

- An  unsuccessful trial of the nuclear option for HERA revival (1999 HERA workshop)

- GSI turns  towards a local FAIR PROJECT (low energy, nucleon degrees of freedom),
     European ELFE groups join the CEBAF program 

- The electron-ion concept moves to US (thanks to a strong commitment to this project of  
Peter Paul – the new BNL director)

- the HEP experimental,  collider-based  programme at DESY is stopped  couple of years 
later 
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The US reincarnation (end extension) of the project
- The first presentation of the BNL option of the eA collider at the MORIOND 1999  

conference 

•  the project,  baptised eRHIC, gets its momentum in the US  following  the BNL 
(1999)), Yale (2000), and Snowmass (2001) workshops  

• The first White Paper in  2002 …but NSAC decides to finance  FRIB 

• ……

• Over the next 20 years the e-A collider design had  been greatly refined

• The project gets the name EIC -- two labs wanted to host it: TJNF and BNL

• The EIC project approved  with BNL as its construction site 
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A path to EIC
(couple of personal recollections, USA phase)   

BNL director 
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Two Snowmass-2001 plenary  summary talks:
 extensive discussion of lepton-ion colliders’ merits        

1995 – 2002  >30 plenary talks  at the major HEP and Nuclear Physics  conferences 
advocating the electron-ion collider  research programme, first at  DESY and then at BNL…
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1995 2023  
Approval

2035?  
Operation

An  initial vision 



The (more recent) past: 
 

Photons as  the support tools  for the 
precision LHC EW experimental programme  
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The “2010-ties”: preparatory steps  for the  
EW precision programme at the LHC 

1. The SPS ”precision support experiment” proposal

2. High-precision luminosity measurement at LHC 

3. Photons and the  Higgs coupling to tau-leptons 
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LoI – SPS experiment and isoscalar beam collisions at the LHC    

ep and ed collisions with COMPAS Cold isoscalar ions at the LHC 
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The consequences of a missing PDF input   

2007 2025

Three PDF degrees of freedom will remain 
unconstrained by the LHC data alone (a cure:
EW programme with isoscalar ion collisions)
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The precision luminosity measurement at LHC    
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The precision luminosity measurement at LHC    



Photon emissions by muons and t-leptons and the “evidence” 
for the Hà tt decays 

59



60

The dominant background to Hàtt decays comes from the Zàtt  decays. 
This background is determined using the Zàµµ data (rather than MC event 
simulation) by the “embedding procedure” in which the detector response to 
the muons is replaced by the simulated response to the t-leptons
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“The ratio of the Zàtt to Hàtt cross section is ~ 1000 to 1…

….If you embed tautau decays  into mumu environment with O(~1%) precision you must 
consider the differences  in the photon radiation strength from muons and taus (they 
radiate with different strength ~ a/p ln((mµ/mt)^2). You do not write anything in 
the papers on the procedure how you took this effect into account. Reconstructed muon track 
momenta will be smaller that those of "Born" muons (..or equivalent taus) 
So, while replacing muons by taus you will underestimate,  in the MC,  the large mass 
tail of the Z->tau-tau events thus increasing artificially (or maybe even creating ),  of 
what you call, the Higgs signal. Have you studied this effect?” 

The principal comment  back in 2014 (at the time of the preparation of  the 
Hàtt discovery papers: 
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Classical radiative corrections to Zàtt leptonic decays: 
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The Higgs adventure



Enhanced ZZ (ZZ*) production in DDYP
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Z

Z*u u_bar

u_bar u

The correlation length of the uubar and ddbar pairs are the same 
(strong isospin symmetry – the excess of ZZ* and WW events correlated ( 
mimicking the  custodial symmetry) 
 Note: – spin ZZ (ZZ*) =  0 (higgs like)



Enhanced WW production in DDYP
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W+

W-
d u_bar

ud_bar

The presence of an antiquark enhances the probability of finding 
the same flavour quark nearby.
Note (local helicity compensation): spin WW =  0 (higgs like)
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