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FROG: Forward Region Observation of Gluons
2.0< |𝜂| < 4.8 (limited by R=3cm beam pipe)

TOF could replace RICH1 for soft particle PID.

May cause complications to EIC lattice and beam collimation.
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FROG: Forward Region Observation of Gluons

𝛿𝑝

𝑝
 < 0.5

TDC resolution< 5ns in all detectors for beam BG suppression and 4D GNN tracking

2.0< |𝜂| < 4.8 (limited by R=3cm beam pipe at |Z|=2m)

Beam collimation closer to IP:
• may allow detectors closer to the beam at IP (~1cm)
• will increase luminosity
• Will require a ~60cm aperture quadrupole magnet
• Field and detectors direction tilted in 25mrad to minimize 

electron beam dispersion (to be discussed with magnet division)

TOF for soft particle PID.

gas (polarized?)
injector

Mid-rapidity
activity det.

Gas injector:
• Luminosity measurement < 1%
• Fixed target
• Polarized gas would open a new spin program at EIC
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25mrad 25mrad



Quadrupole magnets
Quadrupole close to IPQuadrupole 2

5 GeV/c pion deflection at 𝜂 = −4.5

• Deflection has strong dependence with azimuthal angle when using a single quadrupole
• Tracking combining deflection from two rotated quadrupoles minimizes the azimuthal dependence.
• A graphical neural network (GNN) seems a doable solution for FROG tracking
• Space resolution at the largest rapidity and highest pT in that region on the order of 50𝜇𝑚

50cm long each
50cm and 70cm radius
1 T at pole tip



• Charged particle deflection exponentially decreases 
with 𝜂  but it still is under conventional silicon detector 
resolution.

• Can explore other combination of magnets and tracking 
to maximize B-field at 𝜂~4 keeping B=0 at the beam 
electron direction.

• Interaction with magnets department in BNL is crucial
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FROG

Access to Bjorken-x < 5x10-4 

Clear access to the gluon saturated regime



Conclusions and thought
• A forward and backward detector at IR8 would provide 

• Direct access to very small-x and large-x, exploring the boundaries of EIC
• Integrated with the accelerator magnets, maximizing luminosity and beam collimation
• A LHCb VELO inspired vertex detector inside a modified beam pipe to get as close as 1cm from the 

beam for heavy flavor physics at very large rapidity
• Enables a fixed target program opening the door for new physics at EIC: 

• HI at very small energies, continuing  one of the current STAR programs
• High-lumi transverse spin asymmetry measurements with hadron collisions

• Broad pt range PID with RICH+TOF
• Utilizes the PHENIX muon detector for quarkonia an tau physics. Will require a new readout. 
• A relatively compact detector totally design for 

• AI-based streaming and tracking
• Fast readout for 4D tracking in order to minimize hit contribution from beam background and 

synchrotron radiation
• A conceptual design based on quadrupoles seems not impossible. A better design improving the field 

close to the beam pipe would be desirable. 
• A far-forward spectrometer could also make tracking at this region easier
• The detector could be built in steps given the funding limitations: one arm at the time for example
• Would like to have follow-ups on this concept for a future LDRD proposal at LANL
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