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https://indico.bnl.gov/e/PIEIC2020

Remote Workshop in June

Large (remote) 
interest:
• All invited 

speakers accept
• 66 participants 

already



EIC Meson Structure Working Group
The charge from the Physics Working Group for the 20-22 May Pavia meeting:
• Break-down physics deliverables into “physics objects” (PO) [electron, hadron 

(ID/noID), muon, jet]; map out kinematics for each PO.
➢ Physics deliverables: pion/kaon structure function plots, pion form factor plot
➢ Physics objects: scattered electron

measure pion and tagged neutron → pion form factor
measure “X” and tagged neutron → pion structure function
measure “X” and tagged Lambda/Sigma → kaon SF

➢ Produce kinematics plots/coverages for each, at 2-3 beam energies
should pick energies where both e-p and e-d are doable 
(for FF, but also for SF) → 10x100, 10x135, 5x41

• Focus on fast simulations for the most demanding measurements first; determine 
the optimal/acceptable detector performance; confirm/check resulting impact on 
the rest of the measurements.
➢ Fast simulations: ready with event generator
➢ Optimal/acceptable detector performance: Meson Structure (most?) 

demanding for:
o Detectors after FFQs and the ZDC
o ZDC angular resolution (for pT/t resolution)
o Hadronic calorimetry requirements (as for all physics at large-x)



Kinematic Coverage and F2 Projections

To reach the large x region at a certain intermediate Q2, the lowest possible 

energy is normally best. For high beam energies this area requires y to be low



For 5 on 100 can access more acceptance at high-x, but lose acceptance to the 

low-x region, ….

Kinematic Coverage and F2 Projections



…for 5 on 41 even more. 

there are also some advantages for lower proton energy for K-Lambda detection

Kinematic Coverage and F2 Projections



Where do scattered particles go

❑ Scattered electrons can be 

detected in the central detector

Electron Meson (pion, kaon) Baryon (neutron, lambda)
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❑ Baryon (neutron, lambda) at 

very small forward angles and 

nearly the beam momentum

Angle (degrees)



5x41 GeV 
5x100 
GeV 

10x100 GeV 18x275 GeV 

ZDC 
60x60 cm 
20bins  => 3cm 
towers 

Detection Efficiency – forward Neutron

Neutrons measured in the ZDC – 100% detection efficiency

But need good ZDC angular resolution for the required t resolution



5x41 GeV 
5x100 
GeV 

10x100 GeV 18x275 GeV 

ZDC 
60x60 cm 
100bins  => 
0.6cm 
towers 

Neutrons measured in the ZDC – 100% detection efficiency

But need good ZDC angular resolution for the required t resolution

Detection Efficiency – forward Neutron



ZDC   
Too long decay length of Lambda18x275

Lambda->p+p- ( pion was lost in Dipole ) 

Lambda->n + p0 (2 g)  ( all in ZDC) 

Lambda->n + p0 (2 g)  ( one g missed ZDC) 

𝜦→𝒑+𝝅−: very challenging!
➢ need additional particle tracking between dipoles and ZDC

𝜦→𝒏+𝝅𝟎 : looks promising
➢ need additional high-res/granularity EMCal+tracking before ZDC

Detection Efficiency – forward Lambda



Decay Length (p/n vertex)     

neutron proton

10k events total =>  3580  neutrons  =>  ~ 47%
Need to add pi0 efficiency   

mode[0] = new G4PhaseSpaceDecayChannel("lambda",0.639,2,"proton","pi-"); 
G4PhaseSpaceDecayChannel("lambda",0.358,2,"neutron","pi0");  

10k events total =>  6390 protons  =>  ~ 47% 
Need to add pi- efficiency  

18x275 GeV 

For 275 GeV proton energies the boost of the Lambda gets to 

be large → difficult to distinguish Lambda from neutron

http://www.apc.univ-paris7.fr/~franco/g4doxy/html/classG4PhaseSpaceDecayChannel.html
http://www.apc.univ-paris7.fr/~franco/g4doxy/html/classG4PhaseSpaceDecayChannel.html


Decay Length ( p/n vertex)    

There are some advantages for lower proton energy for K-Lambda detection



Summary of Detector Requirements

❑ For both p-n and K-L need good ZDC 

resolution for the required t resolution

❑ For K-Lambda also need

➢ 𝜦→𝒏+𝝅𝟎 : additional high-res/granularity 

EMCal+tracking before ZDC – seems 

doable

➢ 𝜦 → 𝒑 + 𝝅
−
: additional trackers in 

opposite direction (charge) on the path 

to ZDC – more challenging

ZDC

Virtual tracker 

after B1 

❑ Electron detection in the central region

❑ Good hadronic calorimetry to obtain 

good x resolution at large x

❑ For p-n the neutron detection 

efficiency is ~100% with planned ZDC, 

but need that 60 cm by 60 cm ZDC size



Summary EIC Meson Structure Working Group

❑ Produced initial physics deliverables, physics objects, and kinematics 

plots/coverage

❑ Evaluated with simulations detector performance/requirements

➢ Scattered electron detection in the central detector

➢ For the tagged neutron: 100% detection efficiency, need a tracking device, high 

granularity/resolution EMCal for p0 (2g), and good angular resolution ZDC

➢ For measuring the tagged Lambda

o For Λ → 𝑛 + 𝜋0: need a tracking device, high granularity/resolution EMCal for p0 (2g), and 

good angular resolution ZDC 

o For Λ → 𝑝 + 𝜋
−
: protons can be detected efficiently, but need additional trackers in opposite 

direction (charge) on the path to ZDC 

➢ Hadronic calorimetry requirements as for all physics at large x 

➢ Physics deliverables: pion/kaon structure function plots, pion form factor plot

➢ Physics objects: scattered electron

measure pion and tagged neutron → pion form factor

measure “X” and tagged neutron → pion structure function

measure “X” and tagged Lambda/Sigma → kaon SF



Action item list
• Fix bug to prevent particles to acquire energies >> proton/ion energies
• Then “ready” to do pion and kaon structure function projections a la HERA F2 plots, 

and redo pion form factor projections
• Produce tables/plots of neutron detection efficiency with ZDC for various beam-

energy combinations.
• For ZDC apply smearing correction for energy and angular resolutions (~50%/√E and 

0.3 mr/√E, respectively) to link with required missing mass and t-resolution (for EM 
can use smearing corrections for 2x2cm2 crystals).

• Produce plots illustrating neutron missing mass and missing momentum resolution.
• Produce plots illustrating Lambda and Sigma missing mass reconstruction.
• Produce tables/plots of Lambda and Sigma detection efficiency with single-layer 

detector sensor, and determine required size for our physics.
• Determine angular and energy resolution needs of single-detector sensor behind 

FFQs for identifying exclusive final state using missing mass (Lambda, Sigma).
• Granularity requirement of such detector plane for angular or t resolution.
• Find ways to parameterize hadronic calorimetry resolution and make plot that 

illustrates impact on x-resolution (relevant for large-x)

EIC Meson Structure Working Group


