
Charged current reactions at the EIC


Tyler Kutz 
(on behalf of ePIC inclusive PWG)


ePIC collaboration meeting


Warsaw, Poland


July 28, 2023

And finally for something important….
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Inclusive physics isn’t just neutral current!

• Lots of focus on neutral current

• Scattered electron in final state, 

over-constrained kinematics

• Unpolarized PDFs, nucleon spin
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Inclusive physics isn’t just neutral current!

• Can also exchange charged weak boson!

• Final state lepton is neutrino 

must use hadron reconstruction

• Changes quark flavor 

→

• Lots of focus on neutral current

• Scattered electron in final state, 

over-constrained kinematics

• Unpolarized PDFs, nucleon spin
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Charged-current reactions allow flavor separation
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Charged-current reactions allow flavor separation

• CC reactions flavor-dependent
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Charged-current reactions allow flavor separation

• CC reactions flavor-dependent
• EIC can provide constraints on strange 

quark content
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Charged-current reactions allow flavor separation

• CC reactions flavor-dependent
• EIC can provide constraints on strange 

quark content
• Complementary constraints from  beamse+
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Jacquet-Blondel required to reconstruct CC events
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• High demands on performance of entire detector!

• Requires excellent electron ID to veto NC events
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Reduced CC cross sections
• Projection from ECCE simulation

• Major systematics:


• Energy resolution

• Neutral-current contamination
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Reduced CC cross sections
• Projection from ECCE simulation

• Major systematics:


• Energy resolution

• Neutral-current contamination

5

x
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

δ/
EC

C
E

δ

0

0.2

0.4

0.6

0.8

1

1.2

 
 xg v xu v xd

)s x(s+ )u-d x( )u+d x(

 
 ECCE

 
2 = 10 GeV2 Q

x
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

δ/
EC

C
E

δ

0

0.2

0.4

0.6

0.8

1

1.2

 
 xg v xu v xd

)s x(s+ )u-d x( )u+d x(

 
 ECCE

 
2 = 10 GeV2 Q

NC only

NC + CC

0

0.2

0.4

0.6

0.8

1r,C
C+p- e

σ

2 = 170 GeV2Q

0

0.2

0.4

0.6

0.8

1
2 = 1500 GeV2Q

1−10 1
x

0

0.2

0.4

0.6

0.8

1
2 = 8000 GeV2Q

2 = 370 GeV2Q

2 = 3000 GeV2Q

1−10 1
x

CC e+p

18 GeV x 275 GeV
-1L=37 fb

2 = 750 GeV2Q

2 = 5000 GeV2Q

1−10 1
x

0

0.2

0.4

0.6

0.8

1r,C
C+p- e

σ

2 = 170 GeV2Q

0

0.2

0.4

0.6

0.8

1
2 = 1500 GeV2Q

1−10 1
x

0

0.2

0.4

0.6

0.8

1
2 = 8000 GeV2Q

2 = 370 GeV2Q

2 = 3000 GeV2Q

1−10 1
x

CC e+p

18 GeV x 275 GeV
-1L=37 fb

2 = 750 GeV2Q

2 = 5000 GeV2Q

1−10 1
x

0

0.2

0.4

0.6

0.8

1r,C
C+p- e

σ

2 = 170 GeV2Q

0

0.2

0.4

0.6

0.8

1
2 = 1500 GeV2Q

1−10 1
x

0

0.2

0.4

0.6

0.8

1
2 = 8000 GeV2Q

2 = 370 GeV2Q

2 = 3000 GeV2Q

1−10 1
x

CC e+p

18 GeV x 275 GeV
-1L=37 fb

2 = 750 GeV2Q

2 = 5000 GeV2Q

1−10 1
x

x

10-1 1 10-1 1110-1110-1

xxx



Theoretical Background Y4 Project | Final Report

part of the same event. From this, we can then infer that these likely came from a single D0

meson.

While it is true that the decay length, d, is an essential quantity, undoubtedly the most

important variable within charm tagging, and heavy-flavour tagging in general, is the ‘impact

parameter’ (IP). The point of ep collision is known as the ‘primary vertex’ (PV) and is where

all DIS events take place. What results from this is a particle ‘jet’, a collective grouping of

hadrons that were emitted from the collision; for each collision, there may be multiple jets. If

a charmed hadron is a constituent of this jet, it will travel its decay length, after which it will

decay. This point of decay is known as the ‘secondary vertex’ (SV), which is where the decay

products are emitted. Taking the example from above, a D0 will produce two daughters, K�⇡+,

both of which are charged, meaning they will produce tracks. Of course, originating from the

SV means that they are displaced with respect to the PV. Performing a linear extrapolation

on one of these tracks back towards the PV gives a perpendicular distance of closest approach:

this is the impact parameter. By convention, the beam pipe is along the z-axis, so the IP

perpendicular to that is known as the ‘transverse’ IP, denoted d0. Rather intuitively, the IP in

the xy plane is known as the ‘longitudinal’ IP, denoted z0 (or sometimes dz). A visual depiction

of the definition for d0 can be seen below in Figure 3.

Figure 3: A pictorial representation for the definition of the transverse impact parameter d0.

Since d0 is a physical variable that can be reconstructed directly, it can be used to differ-

entiate charmed hadrons from others within the detector. Therefore in this project, we wished

to look for high-d0 tracks, since d0 / d / ⌧ . The considerable lifetimes of charmed hadrons

Page 8 of 38

Strangeness of the proton with CC

• 

• Tag charm via long-lived decay products


• Apply minimum cut on 

W− + s → c

d0 ∝ τ

Work by George Williams 
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Strangeness of the proton with CC

• 

• Tag charm via long-lived decay products


• Apply minimum cut on 

W− + s → c

d0 ∝ τ

Work by George Williams 

• Optimized  cut with ATHENA simulation 
(18x275 GeV)


• Projected statistical precision of  
 = 1.302  0.004 pb (100 fb-1)

d0

σc ±
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Energy flow for CC reconstruction
Work by Matthew Hellen

• Group calorimeter towers in 
cone around projected track   


• Optimize cone size,  cuts


• Achieved sub-25% resolution in 
 across most of phase space

pT

y
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Energy flow for CC reconstruction
Work by Matthew Hellen

• Group calorimeter towers in 
cone around projected track   


• Optimize cone size,  cuts


• Achieved sub-25% resolution in 
 across most of phase space

pT

y

See talk by Daniel Brandenburg on recent particle flow efforts for ePIC
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Summary

• CC reactions, charm tagging can provide flavor separation in the proton

• As with NC reactions, biggest ePIC impact on PDFs at large 

• Resolution, electron ID critical to CC analyses

• Particle-flow efforts underway
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