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Outline 

• HERA vs EIC colliders: CM, luminosity, polarisation, etc…  
• Two parts Electroweak(EW)  and Exotic/Beyond the Standard 

Model (BSM)    
• HERA EW/BSM :  results and lessons learned  
• EIC EW/BSM:  physics projections 

• Summary 
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The Hadron-Electron Ring Accelerator facility (HERA)  was 
the worldwide first and only storage ring facility accelerating
two different types of particles ( electrons and protons) 
●Operated from 1992 to 2007  
● Circumference 6.3 km 
● Electrons or positrons colliding with protons 
● Proton: 460-820 GeV  (unto 920 GeV  after upgrade )  
● Leptons 27.6 GeV  
● Center of mass energies up to 319GeV  

● Peak luminosity ~7×  cm-2s-1 
● 96ns  bunch crossing  
● Only lepton beam polarisation up to 40-60% (Sokolov- 
Ternov effect, rise-time ~30 minutes) 

1031

HERA collider 
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Two main colliding-beam  experiments: 
 General purpose detectors, but different focus 
• H1  ( focused on electron ID:  High resolution 

EMCAL - Liquid Ar  with high transverse and 
longitudinal segmentation) 

• ZEUS ( focused on  hadrons and jets 
measurements:   best in the world U calorimeter with 
resolution of 35%/  , compensating e/h =1 ) 

=>  ( allowed to reduce systematics for combined data) 
Fixed target ( using only e-beam) :
• HERMES: study nucleon spin structure by colliding 

the polarized electron beam with a gas jet of 
polarized nucleons

Fixed target  ( using only p-beam): 

• HERA-B: to measure CP violation in the system 

E

bb̄

Experiments at HERA 
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Q2=-q2  :  4-momentum transfer squared 

x  (0<x<1) -   fraction of proton momentum 
carried by the  struck  quark  

y (0<y<1)=(Ee-Ee’)/Ee - fractional energy transfer

v

Deep Inelastic Scattering 
(Q2) (Z,W)

e’ ( )𝜈

Kinematic reconstruction 

a) Electron method uses information  
ONLY from scattered electron (E’, ):θ′ 

q

b) Jacquet –Blondel method 
(only method for Charged 
Current  reactions ) 

c) Double angle method  

Note: Does not require measurements of 
scattered electron energy

d) Sigma method Note: Does not depend 
on initial electron beam 
energy, less influenced 
by a initial state 
radiation

Note: depends only on 
measurements of hadrons 

Note: Linear dependence on Ee’ of the Q2  
This method could NOT be used for y < 0.1 

And many other methods …. 

Systematic effects.
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https://cds.cern.ch/record/177680/files/p453.pdfPhysics at HERA Reinhold Rückl Mar 1987
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 First data from HERA: Leptoquarks ???  

https://pr.desy.de/sites/sites_desygroups/sites_extern/site_pr/content/e104098/e104111/HERA_Pointing_the_way_eng.pdf

late 1996:  
Mass spectrum  
12 events ( only 5 expected)  
Leptoquarks?! 

https://pr.desy.de/sites/sites_desygroups/sites_extern/site_pr/content/e104098/e104111/HERA_Pointing_the_way_eng.pdf
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 First data from HERA 
E.Gallo

Each experiment ( H1,ZEUS) collected ca 0.5 fb-1 each.  
Electron and positron data ( HERA-I mostly positrons)   
-Main focus on high-Q2 measurements  
-Structure functions  
-Discovery of diffractive events  
- Low-Q2 and F_L physics 

F2



Yulia Furletova

Last HERA fill 

9CFNS Annual Review  ( 2 Feb 2021)  

slide from Elisabetta Gallo



From HERA to EIC 
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✓ DIS facility   =>   control of the 
kinematic (x,y, )  

✓ Nuclear beams A = 2–208  =>  first in 
the world eA collider ! 

✓ Variable center of mass  energy √s 
(eN) :  30–140 GeV 
➢ E_e : ~5 - 18 GeV 
➢ E_p: ~ 41-275 GeV  
➢ wide coverage for Q2, xB ; 
➢ include non-perturbative, 

perturbative and transition 
regimes. 

➢ overlap with existing 
measurements  

 

Q2

✓ Luminosity L ∼ 1034 cm−2 s−  

➢ high precision physics; 
➢ rare processes; 
➢ different configurations( polarization, energies, ions, etc)  
➢ 100 fb-1 in a year at EIC   vs  1 fb-1 over 10 years at HERA  

✓ polarized lepton & hadron beams (up to 80%)  => Test of spin properties and 
spin dependences  

✓ Next generation of  detectors  => systematics and various final states (PID)

The science and requirements  for an EIC 
were  built over last two decades
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From HERA to EIC S.Schmitt

ep Facilities and Experiments 
DIS2020



EW Physics at HERA and EIC 
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    =>  

At high  
-
-Large electron scattering angle and energy. 
-Need  good electron identification in the forward region. 
-Can NOT neglect xF3 team in the cross section.

Q2
max = 4 ⋅ Ee ⋅ Ep Q2

max = 101,200 GeV2

Q2

G. Wolf DESY-94-022

H1 

Neutral Current at high Q2 (HERA)   

σ̃± =
d2σ±

dxdQ2

Q4x
2πα2Y+

= F̃±
2 ∓

Y−

Y+
xF̃±

3 −
y2

Y+
F̃±

L

d2σNC

dxdQ2
∼

A
Q2

+
B

Q2 + M2
Z

2

× pdf′ s

y = Q2 /(sx)

Y± = 1 ± (1 − y)2

Inelasticity: 

helicity factors: 

pe
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Neutral Current at high Q2 ( EIC)    
    =>  

Kinematics: more symmetric 
Overlap with HERA and fixed-target experiments 

Q2
max = 4 ⋅ Ee ⋅ Ep Q2

max = 19,800 GeV2

DIS2022
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Charged current DIS
– neutrino with high transverse momentum (escapes 
detection)
-Missing E_T
-Only Jacquet –Blondel method for x,y,Q2 reconstruction 
( hadrons only)  
Kinematics is reconstructed from hadronic system only 
=>  Resolution of Hadronic calorimeter is crucial (!) 

H1 

Charged Current at high Q2  (HERA)  
G. Wolf DESY-94-022
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Charged Current at high Q2 (EIC)   
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-1.2

°
𝜂~ 

~176.5
.5
°
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~21  °
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.5
°

𝜂~3
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energy 
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pmiss
T > 10GeV



Charged current 
cross-section  at EIC 
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https://arxiv.org/pdf/1309.5327

• Dependence on the center-of-mass energy  
• ep vs en  
• Dependence on  cut 
• Resolution of JB method  x,y.

Q2
min

Q2

Elke C. Aschenauer,  Thomas Burton, Marco Stratmann, 
Till Martini, Hubert Spiesberger



Charged Current at EIC 

p/A

e e’, 𝜈

q
Z,W𝛾,   ±

p remnant

E-Pz = 2*Ee beam  ( for NC)   

Miguel Arratia 

➢ Explore the high-x frontier  
➢ flavor separation 

NC background rejection: need 4pi coverage for HCAL  



DESY-15-039
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NC and CC  HERA results 
NC:  
- photon, Z-boson exchange 
– Cross section shape similar to 1/  

CC:  
-W-boson exchange  
-Cross section shape  ~ 

Q4

1/(Q2 + M2
W)2

H 1 p r e l i m - 1 0 - 1 4 2 , 
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•  Cross sections depend on Q² and Bjorken-x 
• Scaling violations: for fixed x, the cross section 

does change with Q² 
• gamma-Z interference and Z-exchange visible 

at very high    
• High-x is probed at high Q² and  statistically 

limited  
➡The EIC will improve substantially the precision 

at high x ( with expected high luminosity) 

Q2

NC cross section at HERA



Very very  high x at HERA
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The PDF’s are poorly determined at high-x. 
 At high-Q2  jet disappears in the fwd region



Polarisation at HERA 
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• Electrons/positrons get naturally transverse 
polarized  (Sokolov-Ternov effect)

• Spin rotators to change in long. polarization in 
the straight section before the experiments

E.Gallo

• Polarization time ~ ½ h

• Polarization defined as:   

• Polarization 30-40%
• Measured  Tpol,Lpol  with resolution ~1% ( Luminosity uncertainties ~2%)

Pe =
NR − NL

NR + NL

=> Protons at HERA -unpolarized



• Polarized electrons are coming  from the polarized source 
• Frequent injection of bunches on energy with high initial polarization of 85%
• Sokolov-Ternov effect (self-polarization) will re-orient spins to be anti-parallel to 
main dipole field  electrons will  have different lifetime depending on 
polarization
• Bunches must be replaced relatively often to keep average polarization high 
• Bunch-by-bunch polarization measurement required

Electron beam polarization at EIC 

B P
Refilled every 1.2 minutes B P

Refilled every  3.2 
minutes

Pav=80

Pav=80

Re-injections

P∞= 30% 
(conservative)

Re-
injection

Figure from C. Montag (BNL)

Bunches will be replaced about 
every 50 minutes at 5 and 10 
GeV 
 3 minutes at 18 GeV 
 Sets requirement for 

measurement time scale

Dave Gaskell 

• Electron polarimetry techniques 
－Mott  high precision achieved (<1%). Only 

suitable up to MeV-scale energies (injectors) 
－Møller polarimetry  high precision, rapid 

measurements. Destructive (not good for storage 
rings)  

－Compton polarimetry  default technique for 
storage rings. Challenges due to energy 
dependence of analyzing power 

➡ Comparisons with multiple devices and techniques 
powerful tool for reducing systematic uncertainties
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pC 
polarimeter

Hydrogen jet 
polarimeter

200 MeV 
polarimeter

AGS pC polarimeter

Local pC 
polarimeter

• EIC will make use of existing set of 
polarimeters that were used at RHIC for 
protons 
－200 MeV polarimeter just after polarized 

source 
－p-Carbon polarimeter in AGS  
－Hydrogen Jet polarimeter for absolute 

measurement in ring (IP12) 
－p-Carbon polarimeter for fast, relative 

measurements in ring (IP12) 
－Additional p-Carbon polarimeter near 

experiment IP 
－Improvements for polarimeters in ring 

needed/planned 
－Extend existing polarimeters for use with light 

ions  3He (D)

Dave Gaskell
Hadron polarimeters  at EIC 



Polarized neutral current cross section at HERA  
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• Effect of polarization visible at very high 
• Direct observation of parity-violation in NC

Q2

A± =
2

P±
L − P±

R
⋅

σ±(P±
L ) − σ±(P±

R )
σ±(P±

L ) + σ±(P±
R )

The magnitude of the asymmetry is observed to 
increase with increasing Q2 and is negative in e−p and 
positive in e+p scattering, in agreement with the SM 
prediction and confirming parity violation in neutral 
current interactions.
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Parity violation at EIC  Yuxiang 
Zhao

Since both beams are polarized, parity violating measurements  
can be obtained for polarized electrons or polarized protons

The deuteron beam would allow an extraction of the weak mixing angle with 
little PDF uncertainty
Comparisons of Ae PV measurements on heavy nuclei available at the EIC 
with the deuteron result would allow to test EMC effect with a weak mediator. 
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Weak mixing angle at HERA 
The weak mixing angle 𝜃𝑊 is a fundamental parameter of the standard 
model (SM)

 It governs the mechanism of spontaneous symmetry breaking of 𝑆𝑈(2) 
×𝑈(1) in which the original vector boson fields 𝑊 and 𝐵0 are transformed to 
the physical 𝑊±, 𝑍, and 𝛾 states

sin2 θW = 1 −
M2

W

M2
Z
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where Ciq denote the weak neutral current couplings. 
A comparison of the measured values of the Ciq couplings 
with the SM predictions can be used to set limits on the 
new physics scale Λ.  

theC1q andC2q couplings are functions of the weak mixing 
angle θW

In the  Q2<<M2
Z  limit, the weak neutral current contribution 

to DIS can be parameterized in terms of contact 
interactions

Weak mixing angle extractions  at EIC 
Ayres Freitas

Yuxiang Zhao
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Neutral  Current: xF3 (at HERA) 

●Four combinations of  lepton beams (+ and -, L and R) give  vector- 
and axial-vector coupling of quarks (mainly u and d quarks) 
  
●The difference between the e+p and e-p  NC cross sections give 
direct access to  the structure function xF3 .

EM 
●PDFs

      EW 
●important at high Q2, 
●changes sign for e+/e- 
●sensitiv to γZ interference 
●sensitiv to valence quarks

     EW 
●negligible 
at high Q2& x

Integral= 1.790±0.078 (stat)+0.078
~ 5/3 as predicted
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●  linear dependence from lepton polarization: 

Clear left-handed nature of  weak currents (WL): 

If not 0 for e- @P=1  or e+@ P=-1 
=> new physics 

Extrapolation to P=±1  => limits on WR

Testing the chiral structure of the week interaction with 
Charged Current DIS (HERA) 
the CC cross section goes to zero for right-handed electrons, 
as predicted by the SM
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●High energy, high luminosity 
and high polarization are 
needed 
●High control under systematic 
uncertainties for lepton 
polarization (~1%)  

Testing the chiral structure of the week interaction with 
Charged Current DIS at EIC 

https://doi.org/10.1063/1.5040210

Yulia Furletova, and Sonny Mantry

CC at EIC CC at EIC 

Red: electrons  
Blue: positrons 

Red: electrons  
Blue: positrons 



Boson ( ) -gluon fusion (BGF)  γ, Z
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Boson Gluon Fusion (BGF)

γ, Z

• Charm MonteCarlo:  
Fc2 (x,Q2), assumed 10% total uncertainty, dominated by systematics, 
point-to-point 
Here EPPS16 ( ongoing work Nobuo Sato, Christian Weiss  ) 

• Substantial impact on large–x nuclear gluons  
                                    See also: Aschenauer et al, PRD 96 114005 (2017)

Christian Weiss

Int lumi 10 fb-1, 10x100 GeV 
charm reconstruction efficiency 20% 

Statistical errors only 
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Charm in Charged Current reactions
W+d  c is  suppressed, 
but should be taken into 
account at high-x region 

→

JLAB-PHY-20-3205, SMU-HEP-20-05

“Charm jets as a probe for strangeness at 
the future Electron-Ion Collider”
M. Arratia, Y.Furletova,T. J. Hobbs, 
F. Olness and S. Sekula

electron/positron beams at EIC would allow to 
access  to  the anti-strange/strange  PDFs, 
complementary to  neutrino facilities ( N).𝜈

Note, in such CC processes  charm-jets  will be  also  used for 
measurements of x/Q2 => next generation detectors/methods 
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Charm jets in the Charged Current reactions  
as a probe for strangeness 
 

➢ Vertexing is essential to jet tagging  
→ vertex resolution of <25μm

➢ Hadron and/or lepton PID 

(pos/neg)
K axis

axis
K momentum

Secondary
vertex

Primary
vertex

Decay lengthProjection
on

Charm Jet 
momentum 

Projection 
on Jet axis 
(pos/neg)

With  100fb-1 luminosity  EIC should provide the ability to resolve extremal 
intrinsic strangeness cases unresolved by current data/constraints

arXiv:2006.12520 
“Charm jets as a probe for strangeness at the future Electron-Ion 
Collider”, M. Arratia, Y.Furletova,T. J. Hobbs,  F. Olness and S. Sekula
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 Charm in diffractive Ds ( )   
production in Charged Current DIS

cs̄, c̄s

𝜈µ + N → µ− + N′ + D+s .

hep-ph/0112192
(Zhongzhi Song (PKU), Kuang-Ta Chao)

At ep (charged current) : 
e + N → 𝜈e + N′ + D+s . 

Neutrino facilities



BSM and Exotic
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Leptoquarks 
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e-/e+ l

q q

LQ

Leptoquarks

𝜆𝑙𝑞𝜆𝑒𝑞

e-

lq

LQ

q𝜆𝑒𝑞

𝜆𝑙𝑞

s-channel u-channel 

Both quarks and leptons are 
fermions - symmetry 
LQ- boson which provides 
transition between fermion sectors. 
Fermion number F = 3B + L

s-channel : resonance in x 
expected

Early possible signal ~ 200-220 
GeV observed with 1996 data by 
both H1 and ZEUS (at high y), not 
confirmed later with more statistics

LQ in Charged current ( with 
neutrino in the final state) 



Limit setting on coupling
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e-/e+ l

q q

LQ

Leptoquarks

𝜆𝑙𝑞𝜆𝑒𝑞

e-

lq

LQ

q𝜆𝑒𝑞

𝜆𝑙𝑞

s-channel u-channel 

For   : exchange - contact 
interaction 

MLQ > s

For  :  s-channel resonant  MLQ < s

BRW model/classification  of LQs
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Charged Lepton Flavor Violation (CLFV)  

e-/e+
μ, 𝜏

q q

LQ

Leptoquarks

𝜆𝑙𝑞𝜆𝑒𝑞

e-

𝝁, 𝝉q

LQ

q𝜆𝑒𝑞

𝜆𝑙𝑞

However, many BSM scenarios predict enhanced 
CLFV rate (LQ,  RPV-SUSY , SU(5) etc…. 

➢ High luminosity (~100-1000 higher then HERA) 

➢ Electron and positron beam will probe different types of LQs 
  -electron-proton collisions, mainly F=2 LQs produced
  -positron-proton collisions, mainly F=0 LQs produced

➢ eD (deuterium) vs ep collisions 

➢ LQs are chiral particles, gain in sensitivity due to polarized beams

s-channel u-channel 
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●Sensitivities to the CLFV(1,3) would be enhanced 
with positron beams (can search for specific LQ) 

●Current limits set by HERA sitting at sensitivities 
of a few fb 
○The high luminosity of the EIC will gain us 2 

orders of magnitude

Yulia Furletova, and Sonny Mantry

https://doi.org/10.1063/1.5040210

The blue (red) dotted line gives the unpolarized, Pe = 0

Leptoquark sensitivity at EIC 

e-

𝝁, 𝝉
q

LQ

q𝜆𝑒𝑞

𝜆𝑙𝑞
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CLFV: e to tau (leptoquarks)

● Isolated tau, Pt balance with q-jet.  
● Tau-Jet identification ( narrow cone, 

displaced vertex )  
● Precise measurements of vertex (tau 

vertex displacements 200 to 3000 
microns) 

Jinlong 
Zhang
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Semi-leptonic decay channels of HF particles for BSM 
• Enhance of semi-leptonic decay BRs  via Leptoquark 

process  

• Comparisons of e vs  decays  

• Comparisons  ( c/c-bar, b/b-bar)  rates (mixing) 

• Rare decay processes (FCNC, LFV, etc) 

𝜇

SM

LQ FCNC

D0->  𝜇 + 𝜇− D0-> e  +𝜇−

LFV

arXiv:1703.01766v3 
G. Ciezare and etc. 

“Rare D Meson Decays at HERA “ 
C. Grab  
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arXiv:hep-ex/0308058Search for single-top production at HERA 
At tree level, the production
proceeds through the charged current 
(CC) reaction  ( < 1fb)  

Via flavour-changing neutral current 
(FCNC) interactions (  ) 

ep → νtb̄X

u → t

Leptonic decay of W (11% branching 
ratio per channel)- isolated high-energy 
lepton, significant missing transverse 
momentum  and high Pt  hadrons from 
b-decay ( ~ 1 pb) 
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https://arxiv.org/pdf/1011.6359

Many extensions of the Standard Model (SM) require a new 
fundamental symmetry between bosons and fermions, known 
as supersymmetry (SUSY) 
Attempt to unify fermions and bosons by assigning each 
fermion a supersymmetric boson partner and each boson a 
supersymmetric fermion partner(sparticles)

The minimal supersymmetric extension of the Standard Model 
(MSSM) conserves a quantity known as R-parity, defined as 

, where 
S  - spin, 
B -  baryon number
L - lepton number.
    is equal to +1 for all particles in the Standard Model 
and−1 for their supersymmetric partners.

RP = (−1)(2S+3B+L)

RP

Supersymmetry (SUSY) 
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Selectron-squark production via neutralino 
exchange and the following decays to the 
Light Supersymmetic Partners  and SM 
partner.

Possible processes containing a neutralino 
(χ0) or gravitino (G) in the final state.   

Neutralinos and gravitinos are particles 
which could be stable and  could traverse 
the detector without interaction ( large 
missing P_T signature)  

Supersymmetry (SUSY) 
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https://arxiv.org/pdf/hep-ex/0611018Search for stop production in 
R-parity-violating supersymmetry at HERA

No evidence was found for 
resonances in the decay 
channels with jet(s) and one 
high-PT positron or neutrino.



Search for exited leptons and quarks
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Puzzle: three- family structure and mass hierarchy 
Composite structure of quarks and leptons?  => the 
existence of exited leptons or quarks 

 At HERA single excited electrons, quarks and neutrinos 
can be singly produced via processes ( exchange of 

): γ, Z, W

ep → f*X, f* → f V
Physics Letters B 678 (2009) 335–343



Electron and Quark radius at HERA
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ep/eA colliders are natural place to 
study a quark substructure 

Deviation from the SM, especially at 
high Q2: 

HERA limit: 

https://doi.org/10.48550/arXiv.1604.01280

https://doi.org/10.48550/arXiv.1604.01280


➢ Dark Photon (U,A'):  new mediator to a sector of Dark 
Matter particles (MeV-GeV mass) 

➢ Weakly coupled to Standard Model through kinetic mixing 
with ordinary photon  →  production in e+e- annihilation. 

➢ A’ can be  probed with e+/- p(Ions) (e.g. target experiments 
PADME at LNF, Adv. High Energy Phys. 2014:959802;  
VEPP-3, arXiv:1207.5089 [hep-ex] ) 

➢ Detection via decay into SM particles (e+/e-) 
➢ High luminosity is needed   

49

Dark Photon Searches

e-

e+ 𝛾

U

A’e-/e+

p/Ions

Ross Corliss



50

A’e-/e+

p/Ions

●First analysis looks at e+e- decay, but hadronic final states 
could be investigated as well 

●The boosted kinematics significantly opens up the angle 
between the decay leptons creating a specific topology 

●Measurement would benefit from improved charge sign 
reconstruction and good lepton PID ( e/pi rejection)  

●Higher eta coverage would lead to access to lower mass 
dark photons 

●With 6 months of running 25 on 250 (~39 fb-1) we could 
reach similar sensitivities than BABAR but in a wider mass 
range

Ross 
CorlissDark Photon Searches
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Lorentz violating effects Enrico Lunghi

➢ Lorentz and CPT symmetry are among the most well 
established symmetries in physics.  

➢ However, many BSM theories admit regimes where 
one or both of these symmetries can be spontaneously 
broken.

Recent studies suggest differential cross section 
measurements at the EIC will allow for precision tests 
of Lorentz and CPT symmetry in the quark sector and 
could increase bounds on quark sector coefficients by 
two orders of magnitude over data taken at HERA. 



Summary 
• EW ( Charged current) physics is essential for  PDF flavor decompositions.  
• High luminosity at EIC will offer  a precision measurements and  access to a 

rare physics;  
• Polarization is essential for EW/BSM physics  
• Possibility to add e+ beam  ( currently not a part of EIC project) would allow to 

probe a charge symmetry 
• Preliminary estimates on BSM physics at EIC looks promising.   
• Next generation of detectors: control under systematics, precision, efficiency. 
• Looking forward for new EW/BSM physics studies at EIC! 

52



Backup
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PDF fits  
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T. Hobbs

Rs= (s+ ̄s)/( ̄u+ ̄d) 

Our knowledge of unpolarized collinear parton distribution functions (PDFs)   driven by inclusive neutral 
current (NC) and charged current (CC) deep inelastic scattering(DIS) cross section.

Z-score analysis 
comparing the cross-
sections generated 
from PDF replicas 
satisfying Rs= 0.5 (the 
null hypothesis in blue) 
and Rs= 1 (the 
alternative hypothesis 
in red)

The sensitivity,|Sf|, of the EIC 
e−pseudodata to the Rs PDF ratio; 

PDFSense
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PDF fits  
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T. Hobbs

the potential impact of EIC’s NC and CC with incident electron beam colliding with 
proton and deuterium beams from a selection of PDF global analyzers

100 fb-1  ~ 28.6,  44.7,   63.3,   140.7 GeV for NC and 140.7 GeV for CC  
and deuteron beams L= 10fb−1 and consider only NC at  √s= 28.6,  66.3,  89.0 GeV 

𝑠 
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PDF fits with positron beam   
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T. Hobbs

differing charge of the exchanged W+ boson is such that positron CC interactions are 
capable of probing a unique combination of flavor currents inside the target hadron 
relative to an electron beam. p/A

e e’, 𝜈

q

Z,W𝛾,  

p remnant
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Complementarity of EIC and LHC 
probes of the SMEFT
The SM effective field theory (SMEFT) provides a convenient 
theoretical framework for investigating indirect signatures of heavy 
new physics without associated new particles at low energies.  
Considerable effort has been devoted to performing global analyses 
of the available data within the SMEFT and other frameworks.

Simultaneous fit of PDFs AND  Wilson Coefficients

Daniel Wiegand


