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Deep	
  Inelas,c	
  and	
  Deep	
  Virtual	
  ScaIering	
  

•  Deep	
  Virtual	
  Exclusive	
  Reac,ons:	
  	
  
  H(e,e’γ)p	
  
  H(e,e’π0)p	
  
  Exploit	
  the	
  full	
  kinema,c	
  range	
  of	
  11	
  GeV	
  electrons	
  
  Precision	
  cross	
  sec,ons	
  for	
  higher-­‐twist	
  studies	
  (≤4%	
  syst.)	
  
  Mul,ple	
  beam	
  energies	
  at	
  fixed	
  Q2,	
  xBj	
  

•  Isolate	
  |DVCS|2	
  from	
  Re[DVCS†BH]	
  
•  Rosenbluth	
  separa,ons	
  of	
  H(e,e’π0)p	
  

•  SIDIS:	
  
  H(e,e’π0)X	
  
  Flavor	
  and	
  pT	
  dependence	
  of	
  H(e,e’	
  π+,‒,0)X	
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Wide-­‐Angle	
  Photo-­‐Produc,on	
  

•  H(γ,γ’p)	
  
  Beyond	
  the	
  Handbag	
  approxima,on:	
  	
  	
  
So`	
  Collinear	
  Effec,ve	
  Theory	
  (SCET)…	
  	
  

  dσ ∼ f(s)R(t)	
  

•  γ+p	
  	
  γ’+ p	
  
  Factoriza,on	
  and	
  the	
  Tensor	
  Form	
  Factor	
  RA(–t)	
  
  Talk	
  by	
  J.Zhang	
  

•  H(γ,π0 p)	
  	
  
  Reac,on	
  mechanism	
  and	
  scaling	
  in	
  photoproduc,on:	
  	
  
D(γ,p)n,	
  p(γ,π+ )n	
  show	
  scaling	
  for	
  p⊥>1	
  GeV	
  

  H(γ,π0 p)	
  is	
  simplest	
  reacKon	
  beyond	
  RCS	
  for	
  tesKng	
  
Handbag,	
  SCET…	
  

15-­‐Jan-­‐2015	
   C.E.Hyde:	
  NPS	
  Overview	
   3	
  



Beam	
  Line	
  for	
  SIDIS,	
  Deep	
  Virtual	
  

•  Electrons	
  in	
  HMS	
  
•  γ, π0 :	
  

•  small	
  angle	
  	
  
Calorimeter.	
  

•  Variable	
  
distance	
  for	
  
γγ separa,on	
  

•  Sweep	
  magnet	
  
reduces	
  small	
  
angle	
  rad	
  dose	
  to	
  
calo	
  by	
  factor	
  10	
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DVCS	
  

•  Wide	
  
kinema,c	
  
coverage	
  

•  Mul,ple	
  
Beam	
  
Energies	
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xBj	
  =	
  0.50	
  	
  	
  	
  	
  
Q2	
  =	
  3.0	
  GeV2	
  

•  8.8	
  GeV	
  

•  11.0	
  GeV	
  

•  5	
  bins	
  in	
  t	
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DVCS	
  @	
  Two	
  Beam	
  Energies	
  

BH	
  

|DVCS|2+	
  Γ I	
  Re[DVCS†BH]	
  



Deep	
  Virtual	
  π0	
  Produc,on	
  

•  Naïve	
  factoriza,on:	
  
  dσL ∼ Q–6	
  

  dσT ∼ Q–8	
  

•  Large	
  helicity	
  flip	
  
Distribu,on	
  
amplitude:	
  
  Couples	
  to	
  
Transversity	
  GPD	
  

  dσT ∼ dominant	
  

!! ! !! 
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SIDIS	
  

•  Scaling	
  in	
  xBj	
  and	
  
z=ph/ν?	


  Q2	
  study	
  at	
  12	
  GeV	
  

•  Flavor	
  deconvolu,on	
  
from	
  π+, π‒, π0 ?	



•  Example	
  of	
  JLab	
  6	
  
GeV	
  charged	
  pion	
  
data:	
  
  PRL	
  98	
  (2007)	
  022001	
  

•  What	
  is	
  pT	
  
dependence?	
  

FIG. 2: The 1,2
H(e, e�

π
±)X cross sections at x=0.32 as a function of z in comparison with Monte Carlo simulations

(dashed curves) starting from a fragmentation ansatz. The various cross sections have been multiplied as indicated for

the purpose of plotting.

The p(e,e�ρ◦)p cross section calculation was based on the PYTHIA [30] generator, adopting similar mod-
ifications as implemented by the HERMES collaboration to describe lower-energy processes [31]. Additional
modifications were implemented to improve agreement with ρ0 cross section data from CLAS in Hall B at
Jefferson Lab [32].

The p(e,e�ρ◦)p cross section can be written as

σep→ρp(ν, Q2) = ΓT (1 + �R)

�
M2

ρ

M2
ρ + Q2

�n

σγp→ρp, (9)

where ΓT is the transverse photon flux factor, R = σL/σT is the ratio of longitudinal to transverse cross sections,�
M2

ρ

M2
ρ+Q2

�n

(n = 2 in PYTHIA) is an additional factor that accounts for the suppression of the cross section
from virtual photons, and σγp→ρp is the photoproduction cross section. The modifications to the PYTHIA model
implemented for this analysis mimic those implemented by the HERMES collaboration:

1. The calculation of ΓT was performed with no high-energy approximations

2. An improved parametrization of R = σL/σT

3. Replacement of the exponent n = 2 with n ≈ 2.6, more consistent with lower energy data

The t dependence of the ρ◦ cross section is parametrized as

dσ

d|t�| = σep→ρp(ν, Q2)be−b|t�|, (10)

where t� = t− tmin (< 0 for electroproduction) and b is the slope parameter. Note that at t� = 0, b also impacts
the overall scale of the forward cross section. The HERMES/PYTHIA model assumed a value of b ≈ 7 GeV−2

for all energies. However, CLAS data suggested that this constant value of b did not adequately describe the t�

dependence at JLab energies. The model used in SIMC fits b as a function of c∆τ (the vector meson formation

10
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Wide	
  Angle	
  Compton	
  and	
  π0	
  

•  Bremsstrahlung	
  beam	
  
•  Ver,cal	
  bend	
  sweep	
  magnet	
  for	
  tail	
  of	
  pre-­‐radiated	
  
elas,c	
  H(e,e’)p	
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H(γ,γ	
  p),	
  H(γ,π0p),	
  H(e,e’p)γ	



•  Magnet	
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Update	
  
with	
  new	
  
ver,cal	
  
bend	
  
design.	
  



So`	
  Collinear	
  Effec,ve	
  Theory	
  

•  Beyond	
  Handbag	
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20GeV 2. These results may help resolve the discrepancy between the previous measurements.
Fig. 17 shows the projected results at 900 C.M. angle.

FIG. 17. The differential cross section for the γp → π0p reaction at θCM = 50◦, 70◦, 90◦, 110◦, as a function
of the center of mass energy. The data are from Ref. [21], [22] and [23], open circles are data from old
measurements [24]. The red points are preliminary results from a recent analysis of the CLAS g12 data.
At high energies and large angles the results are consistent with the s−7 scaling expected from the quark
counting rule. The dash dotted line is a result of the fit performed at θ = 90◦ with power function ∼ s−n

leading to n = 6.89± 0.26. Green points are projected results from proposed measurements.

SUMMARY

The γp → π0p process is one of the simplest exclusive processes to investigate the dominance
of the handbag mechanism. and to study the onset of scaling behavior for π0 photoproduction.
Utilizing fully the advantages of high luminosity and the energy upgraded CEBAF. The slower
decrease of the differential cross-section for the process compared with many other photon induced
two-body processes allows differential cross-section measurements all the way to the highest possible
center-of-mass energy with a 11 GeV CEBAF beam. Specifically, a 11 GeV beam will allow:

• A precise measurement of the π0 photoproduction cross section at the highest energies avail-
able, to help resolve some of the discrepancies between the previous measurements.

• Detailed investigation of the angular dependent scaling onset as observed in the deuteron

25
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Wide	
  Angle	
  π0	
  Photo-­‐Produc,on	
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Handbag	
  Model	
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•  Need	
  Helicity	
  	
  
Flip	
  DA?	
  



Hardware	
  Upgrades	
  

•  New	
  (or	
  borrowed)	
  Calorimeter	
  
  1100	
  PbWO4: 	
  	
  2x2x18	
  cm3	
  

•  No	
  reliable	
  supplier	
  at	
  present:	
  	
  PANDA	
  (also	
  Orsay,	
  CUA,	
  etc	
  EIC	
  R&D	
  
project)	
  working	
  with	
  SICCAS	
  (China)	
  and	
  Cythur	
  (Czech	
  Republic)	
  

  New	
  stabilized	
  bases	
  
  Radia,on	
  Damage/Curing	
  Studies	
  	
  

•  Expected	
  dose	
  ~300KRad=3KGy	
  
  Gain	
  Monitoring	
  System:	
  	
  LED	
  or	
  Laser.	
  

•  Horizontal	
  field	
  sweep	
  magnet	
  
  New	
  universal	
  design	
  (with	
  modular	
  yoke	
  pieces)	
  
  0.3	
  T-­‐m	
  for	
  DVCS	
  	
  (small	
  angles)	
  
  0.6	
  T-­‐m	
  for	
  WACS	
  (wide	
  angles)	
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New	
  Ac,ve	
  PMT	
  Base	
  

•  V.	
  Popov,	
  H.	
  Mkrtchyan,	
  	
  IEEE	
  Proceedings	
  2012	
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PbWO4	
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•  PrimEx	
  Calo	
  possibly	
  available	
  
  Also	
  in	
  demand	
  for	
  Hall	
  D	
  

  Is	
  Hall	
  C	
  NPS	
  rad	
  dose	
  acceptable?	
  
~300	
  KRad	
  

•  Curing	
  
  Blue	
  light,	
  in	
  situ,	
  invasive	
  
  Hea,ng,	
  invasive	
  
  IR	
  illumina,on:	
  	
  possible	
  in	
  real	
  ,me	
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The observed increase in signal pedestal widths suggest that the PMTs (R4125) are 
sensitive to IR light 

 

NPS prototype: PMT sensitivity 
to IR light 

There is a sharp increase in PMTs noise when the IR system runs at a driving current ~150 
mA (or about 50 mA for each IR diode). The level of noise-signals at PMT high voltage of 
1400 V are ~8-10 mV. The noise disappears when the IR system current is turned off 

 
 

To quantify the effect of IR light, the prototype PMTs pedestal, and signal (generated by 
cosmic particle and GMS) amplitude sensitivity to the IR light intensity were studied 

 

No changes in the PMTs amplitude or resolution due to IR light were observed 

Further tests will help to fully understand how the observations of PMT sensitivity 
to IR light may impact its long-term stability and live-time  

I=0 mA 

I=40 mA I=100 mA I=60 mA 

I=10 mA I=20 mA 

Crystals with   
 4  IR LEDs 

A.Mkrtchyan,	
  CUA	
  
hIps://wiki.jlab.org/cuawiki/index.php/
General_Mee,ng_Agenda_11/19/14	
  



Horizontal field dipole, model SAM-DVCS 

Iron weight is of 15 tons 
Coils weight is of 1.5 tons    

January	
  2015	
  NPS	
  Bi-­‐weekly	
  Mee,ng	
  18	
  

Calo	
  



Conclusions,	
  Outlook	
  

•  NSF-­‐MRI	
  proposal	
  to	
  be	
  submiIed	
  Jan	
  20.	
  
  Sweep	
  Magnet	
  

  Ac,ve	
  Bases	
  
  Gain	
  Monitoring	
  System	
  

  Curing	
  system	
  

•  Exci,ng	
  physics	
  program	
  
  Powerful,	
  flexible	
  detector	
  system.	
  

•  Mee,ngs	
  every	
  ~3rd	
  Thursday	
  am	
  
  Join	
  us!	
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