
QWEAK: searching for new 
Physics beyond the Standard 

Model.  

J. Roche 
Ohio University 

September 30, 2011 

Grant	
  #	
  0969788	
  



•  The Standard Model of Particle Physics is one of the 
biggest achievements of the twentieth century… still 
it is known to be incomplete 

•  Low energy precision tests of the Standard Model 
(like Parity Violation Electron Scattering) are proven 
avenues to discover Physics beyond the Standard 
Model 

•  QWEAK is one such experiment,  currently taking 
data, in which my OU group is involved.  

In a nutshell 
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•  Parity is conserved for the EM interaction (γ exchange) 
•  Parity is partially or fully violated for the weak interaction 

(resp. Z  or Ws exchange) 

Parity is a discrete symmetry of the wave function that results 
from inverting it around the origin. 
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The core of the model: 
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Angular momentum is left unchanged by the parity operation. 
If an interaction rate depends on the spin (intrinsic angular momentum) of 

a particle, parity is violated. 
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The core of the model: 
 Electroweak unification 

•  Parity is conserved for the EM interaction (γ exchange) 
•  Parity is partially or fully violated for the weak interaction 

(resp. Z  or Ws exchange) 

Glashow-Weinberg-Salam’s  ideas : 
•  Start with the Lagrangian energy density as  
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•  Introduce hidden quantum numbers that mix the weak and the EM 
interaction to rewrite the Lagrangian as 



The success of the Standard Model 

•  Textbook physics : too many to cite.. 

•  7 Nobel prizes since 1970: 
–  ‘79: Glashow, Weinberg and Salam for the electroweak unification.  
–  ‘84: Rubbia and van der Meer for the discovery of the Z and the Ws. 
–  ‘99: 'tHooft and Veltman for the renormalization of the theory. 

HUGE	
  !!!	
  

KEK	
  



The success of the Standard Model (ct’d) 
• 	
  Most of the particles, the SM predicted in the ’70  
  have since been  observed  

  eg: last one was “t” in 1995 at the Tevatron 



The success of the Standard Model (ct’d) 
• 	
  Most of the particles, the SM predicted in the ’70  
  have since been observed  

•  Most parameters have been 
  measured with extreme 
  precision. 

 e+e- cross-section 
(LEP electroweak working group,2007)	
  

MZ=91.1875+/-0.0021 GeV (ΔMZ/MZ=2. 10-5) 

The width of this mass distribution implies  
  Nυ=2.9840+/-0.0082 
 (with some caveats) 



The success of the Standard Model (ct’d) 
• 	
  Most of the particles, the SM predicted in the ’70  
  have since been observed  

•  Most parameters have been 
  measured with extreme 
   precision. 

•  The model is highly self-consistent 

 here use 3 parameters for the 
 electroweak  unification:  
(MZ, e and g)  (Mz, α and GF) 

LEP Electroweak working group (2007) 



But the SM is incomplete… 

Contemporary view of the Standard model: 

The Standard Model is an effective low-energy theory of the more 
fundamental underlying physics. 

Can we discover this new physics beyond the Standard Model ?? 

CPEPweb.org	
  



Avenues to discover Physics beyond the 
Standard Model 

•  Energy Frontier: direct searches for new particles 
•  Precision and intensity frontiers: searches for indirect effects, 

exploit Heisenberg uncertainties ( ΔE. Δt ~ h/2π).  

Precision and intensity frontiers 

•  Modest to low energies 
•  High statistical precision 
•  Test of fundamental symmetries 

violation 
•  eg: g-2, EDM, ββ, rare decays,  

PVES (QWEAK, Moeller), … 

Energy Frontier 

•  Reach higher and higher 
energies 

•  Look for few  
 signatures-events (HIGGS, 
WIMPs, …) 

•   eg: LHC, ILC… 
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One precision test of the Standard Model : 
 parity violation in electron scattering 

The rate of scattering of an electron  off a electrically charged  
target is electron spin dependent because  it involves the EM 
and the weak interaction. (assume for now, will develop later) 

The goal is to measure sin2ΘW at low energy to very high precision. 

Need: a very good experiment… 
•  To observe a lot of events to achieve 

statistical precision (in a reasonable amount of 
time) 

•  Low noise apparatus to manage systematic 
errors 

Challenge: very small asymmetry ! 

Helicity (spin) asymmetry: 200 ppb 
 (imagine measuring the height of 
Clippinger to a few µm) 



To measure sin2ΘW at low energy 

Z	
  Z	
   γ	


q

+	
  

SLAC 158: e+e 
JLab Qw(p) (QWEAK): e+p 
JLab Qw(e) (Moeller): e+e 



e+p -> e+p 
(semi-leptonic process) 

e+e -> e+e 
(pure leptonic process) 

QWEAK	
  proposal,	
  2004	
  

Different targets particles have different sensitivities  
        to Physics beyond the Standard Model. 
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QW
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QW
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To measure sin2ΘW at low energy. 

Cs APV:: neutron and proton 
JLab Qw(p) (QWEAK): proton 
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  Young,	
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  A.	
  Thomas,	
  J.	
  Roche	
  
PRL	
  99	
  (2007)	
  122003	
  (On	
  the	
  cover	
  of	
  PRL)	
  

Nuclear	
  target	
  (p+n)	
  

Standard	
  model	
  predic=on	
  

Hydrogen	
  target	
  (PVES)	
  
Data	
  already	
  published	
  (since	
  2000)	
  
QWEAK	
  (expected)	
  
Assuming	
  agreement	
  with	
  the	
  
Standard	
  Model,	
  the	
  mass	
  of	
  
	
  bosons	
  carriers	
  of	
  a	
  new	
  force	
  
	
  would	
  have	
  a	
  mass	
  larger	
  than	
  
2	
  TeV.	
  	
  



Parity violation in electron scattering:  
how to measure it 
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Angular momentum is left unchanged by the parity operation. 
If an interaction depends on the spin (intrinsic angular momentum) of a particle, parity is violated. 

•  Scatter a polarized electron off an unpolarized target 
•  Instead of inverting r, p and leaving S unchanged, 
 flip S but leave r and p unchanged. 



Parity violation in electron scattering?? 



PVES: it already “helped” the Standard Model 

Prescott’s experiment at SLAC (1978) 

Deep inelastic scattering of polarized electrons 
 off a deuterium target.  

APV~A/Q2~ 10-4 (GeV/c)2 

(MZ=91.2 GeV,  measured later circa 1985) 

Confirmation of the Glashow-Weinberg-Salam’s 
 model  

Important measurement of sin2ΘW 
(albeit not very precise by today’s standards) 

CE Prescott et al. Phys.Lett. B77 (1978) 347-352 y=1-­‐E’/E00	
  



PVES: a mature experimental technique 
J.	
  Roche,	
  W	
  van	
  Oers,	
  R.	
  Young,	
  2011,	
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Parity violation in electron scattering?? 

For the specific case of e-p elastic scattering (ie QWEAK, G0, HAPPEX…) 

43	
  ++	
  



Also use this type of analysis to extract  
• The strange magnetic moment of the nucleon (µs=0.01 +/- 0.29) and  
• The strange charge radius of the nucleon (ρs=0.02+/- 0.21 GeV2). 
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biggest achievements of the twentieth century… still 
it is known to be incomplete 

•  Low energy precision tests of the Standard Model 
(like Parity Violation Electron Scattering) are proven 
avenues to discover Physics beyond the Standard 
Model 

•  QWEAK is one such experiment, currently taking 
data, in which my OU group is involved.  

In a nutshell 

43	
  



The QWEAK experiment  

•  Measures parity violation in electron-proton elastic scattering.  
•  Measures sin2ΘW to 0.3% relative at low energy (Q2=0.03 GeV2). 

•  Pushing the luminosity envelope (number of events observed) 
–  High beam current (180 µA) 
–  Long powerful hydrogen cryo target (35 cm long, 2.5 kW removal power) 
–  Large event rate 800 MHz 
–  High beam polarization (~ 85%) 
–  (Very) long data taking (>400 days of data taking over 2 years) 

•  Pushing the precision envelope (systematic-statistic) 
–  Low noise apparatus  
–  Helicity correlated beam characteristic at the level of the ppb.  



QWEAK: conceptual overview 

• 	
  Elastic e-p scattering on liquid hydrogen target 
•  Toroidal magnet to provide momentum dispersion 
•  Collimator system to select elastic events only 
•  Lower energy inelastic events bent outside of the detector acceptance  



QWEAK: asymmetry measurement 
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QWEAK: asymmetry measurement width 
•  The random uncertainty on the measurement is  

	

 	

 	

 	

 	

 	

 	


 

 with σMD is the intrinsic noise of the measurement 

 and N is the number of integrated recording throughout the experiment 

•  Expected σMD~235 ppm 
 σstatistic  =215 ppm 
 σdetector energy resolution  = 87 ppm 
 σcurrent normalization  = 37 ppm 

€ 

ΔA =σMD
N
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The members of the OU group : 

P. King, R. Beminiwattha*, B. Waidyawansa*, JH Lee** 
and 6 OU undergraduate summer students (since 2006) 

*OU graduate students  ** Postdoc 



The role of the OU group 
•  Data Acquisition system:  

 design, implement, test and maintain the read-out systems and the 
trigger systems 



The role of the OU group 
•  Data Acquisition system:  

 - design, implement, test and maintain the read-outs systems and the 
triggers systems 
 - manage about 0.5 TB of data/day (expecting a total of 250 TB of data) 

•  Core analysis software: 



The role of the OU group 
•  Data Acquisition system:  

 - design, implement, test and maintain the read-outs systems and the 
triggers systems 
 - manage about 0.5 TB of data/day (expecting a total of 250 TB of data) 

•  Core analysis software: 
 - develop one software framework for online monitoring tools, feedback 
systems, and full fledged analysis code (over 100k lines of code) 
 -test, operate, share and maintain the core C++ analysis software  
 - support/mentor users in with their own additions to the code (to date 10 
doctoral students, 7 senior persons, UGs and non-thesis students  have 
contributed to the code – over time) 



QWEAK status 
•  Schedule 

–  First commissioning beam: July 2010 
–  Commissioning run: Fall 2010 
–  Run I: Jan-May 2011 
–  Run II: Nov 2011-May 2012 

•  Teething problems 
–  Target pump, beam dump vacuum leakage, Qtor magnet power 

supply, etc.. 

•  Achievement 
–  Beam  150-180 uA with 86-88% polarization (better than our 

proposal) 
–  Helicity-correlated beam properties are acceptable 
–  At present, we have on tape 24% of proposed statistics 
–  Many auxiliary measurements completed. 



The future of PVES and the OU group: 
 the Moeller experiment 

•  Moeller scattering on hydrogen e+e(in H)-> e+e 
•  Ultra precise measurement of sin2Θw in the leptonic sector  

   ΔAexp=0.7 ppb     (ΔAQWEAK=6 ppb, ΔAGO=500 ppb) 
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•  Very forward experimental design  
    Two toroidal magnets (one regular, one hybrid) 



The future of PVES and the OU group:  
the Moeller experiment 

•  Moeller scattering on hydrogen e+e(in H)-> e+e 
•  Ultra precise measurement of sin2Θw in the leptonic sector  

•  Very forward experimental design  
    Two toroidal magnets (one regular, one hybrid) 

•  Proposal accepted by the JLAB PAC with the highest scientific 
rating in January 2011 

•  DOE MIE proposal submitted in September 2011 
•  OU responsibility: 

–  DAQ and software analysis  
–  Luminosity detector  

•  Data taking to start  (possibly) in 2017 



•  The Standard Model of Particle Physics is one of the 
biggest achievements of the twentieth century… still it 
is known to be incomplete 

•  Low energy precision tests of the Standard Model (like 
Parity Violation Electron Scattering) are proven 
avenues to discover Physics beyond the Standard 
Model 

•  QWEAK and Moeller are 
 such experiments in which 
 my OU group is involved.  

In  summary 





The core of the model: 
 Electroweak unification 

•  Parity is conserved for the EM interaction (γ exchange) 
•  Parity is partially or fully violated for the weak interaction 

(resp. Z  or Ws exchange) 

Glashow-Weinberg-Salam’s  idea : 
•  Reformulate the Lagrangian energy density as  

  

€ 

L = g
 
J µ ⋅
 

W µ + g' Jµ
Y Bµ

Jµ	
  and	
  JµY:	
  weak	
  isospin	
  and	
  weak	
  hypercharge	
  current	
  carried	
  by	
  the	
  fermions	
  
Wµ	
  and	
  Bµ	
  are	
  the	
  4-­‐poten=als	
  of	
  the	
  interac=ons	
  	
  
	
  g	
  and	
  g’:	
  coupling	
  constants	
  and	
  g’/g=tan	
  ΘW	
  	
  (Weinberg	
  angle)	
  
Y=Q-­‐I3	
  hypercharge	
  (Q:	
  electric	
  charge,	
  I3:	
  3rd	
  component	
  of	
  weak	
  isospin)	
  

€ 

Wµ
± =

1
2
Wµ

1 ± iWµ
2[ ] Wµ

3 =
gZµ + g'Aµ

g2 + g'2
Bµ =

−g'Zµ + gAµ

g2 + g'2

Aµ , Zµ , Wµ
+ and Wµ

-  are	
  the	
  fields	
  	
  for	
  the	
  boson	
  par=cles	
   γ,	
  Z,	
  W+	
  and	
  W-­‐	
  	
  

	
  similar	
  to	
  E&M	
  formula=on	
  	
  	
     

€ 

L =
 
j ⋅
 
A = q  v ⋅

 
A 



The core of the model: 
 Electroweak unification 

•  Parity is conserved for the EM interaction (γ exchange) 
•  Parity is partially or fully violated for the weak interaction 

(resp. Z  or Ws exchange) 

Glashow-Weinberg-Salam’s  ideas : 
•  Reformulate the Lagrangian energy density as 

•  Introduce the Weinberg angle that describes the mixing of the 
weak and the EM interaction (tan ΘW=g’/g) 
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QWEAK: summary 
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QWEAK: Integrating method 

•  Event mode (low intensity beam current 10 pA) 
–  Each event individually registered 
–  Selection or rejection possible 

•  Current (or integration) mode 
–  High event rate possible  
–  No suppression of background event possible  
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