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Motivation

Probing Strangeness 
in an Electron-Ion Collider Environment 

using ZEUS data at HERA Jae Nam 
for the ZEUS Collaboration

Temple University, College of Science and Technology, Philadelphia, PARHIC/AGS User Meeting 2018, BNL, NY

ZEUS Experiment

Charm Identification

Measurement of Charm Cross section

Results

DOE NP contract: DE-SC0013405

• Charm cross section measurement in 
high−𝑄#charged current deep-inelastic scattering 
(CC DIS).
→ constraints on 𝒔(𝒙, 𝑸𝟐)

• Process via down quark is also available, but 
Cabbibo-suppressed.

• Due to the final state 𝜈, a large missing 𝑝. is 
expected.

• Visible cross section is unfolded into two 𝑄#
bins:

𝜎012,1345 =
𝑁1345

𝐿	 =
∑ 𝐶1<=> 𝑀@AB2,< − 𝑀@AB2,<

CD�
<

𝐴1	𝐿

• 𝐴1 = 𝜖HI1D𝜖JAHA5H𝜖KLM = 𝑁@AB2,1345 /𝑁1345

• 𝐶1<=> = 𝑖𝑛𝑣𝑒𝑟𝑠𝑒	𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛	𝑚𝑎𝑡𝑟𝑖𝑥
• 𝑀CD = 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑	𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑	𝑓𝑟𝑜𝑚	𝑀𝐶

• Total cross section 𝜎345 can be extrapolated 
from the visible cross section 𝜎012345 via an 
extrapolation factor 𝐶AbH.

• The strange quark content 
in proton can be measured 
in an Electron-Ion Collider 
environment via charm 
production in CC DIS.

• Further optimization on 
signal extraction is on-going 
in order to suppress LF 
background.

• The main goal is to study the potential of the Electron-Ion Collider (EIC) in a similar 
environment by using the data taken by the ZEUS detector at HERA.

• Heavy-Flavor measurements provide a rich testing ground for the proton structure 
and perturbative quantum chromodynamics (pQCD).

• This analysis will serve as a complementary measurement at high-𝑄# to the previous 
analyses by CCFR/NuTeV and ATLAS.

HERA Upgrade (00-02)

• Enhanced particle identification 
capabilities of the ZEUS detector upon 
installation of a micro-vertex detector 
(MVD).

• Increased Luminosity (𝐿	 ≅ 360	𝑝𝑏=>)
• Positively- and negatively-charged 

collisions have about equal luminosity 
𝐿	 𝑒g𝑝 = 173	𝑝𝑏=>
𝐿	 𝑒=𝑝 = 185	𝑝𝑏=>

• Unpolarized (𝑃A < 10%)

• 𝑠� = 318	𝐺𝑒𝑉

CC DIS NC DIS

ATLAS
• 2g2̅

rsgJt
= 1.13 ± 0.05

(𝑄# = 1.9	𝐺𝑒𝑉#, 𝑥 = 0.023)

CCFR/NuTeV
• Opposite	sign	di-muon	events	in	
neutrino-nucleon	collisions

• ∫ Jb[b�
� 2gb2̅]

∫ Jb[b�
� rsgbJt]

= 0.477=�.��g�.��

(𝑄# = 1 − 100	𝐺𝑒𝑉#)

• In CC DIS, a large missing transverse momentum 𝑝. is observed due to the outgoing 
neutrino which escapes the detector undetected.

• Due to the short lifetime and the finite resolution of the vertex detector, the decay length 
distribution of LF vertices is symmetric, whereas that of charmed vertices is 
asymmetric.

• Mirroring the negative decay length distribution onto the positive, LF contribution is 
suppressed.

Charged Current DIS (CCDIS)

• Kinematic variables are 
reconstructed by using the 
hadronic final state. 
(Jacquet-Blondel Method)

• The MC analysis suggests 
that the ZEUS data is 
consisted of ~15% (𝑒=𝑝) 
or ~25% (𝑒g𝑝) charm 
signal.

𝑦�� =
∑ 𝐸 − 𝑝� �
�
�
2𝐸A,CAB@

𝑄��# =
𝑝.,�#

1 − 𝑦��

𝑥�� =
𝑄��#

𝑠𝑦��

• Long-lived LF hadrons such 
as kaons 𝐾±,� and lambda 
baryons (Λ±,�) contribute to 
the systematic uncertainty.

• Once a CC event is identified, the lifetime-
tagging method is used to distinguish charmed 
vertices from light-flavor (LF) vertices which is 
the major source of background.

𝒙𝑱𝑩𝑸𝑱𝑩𝟐 𝒑𝑻 𝒚𝑱𝑩

𝒆g𝒑 𝒆=𝒑

• Charm signal is 
extracted with overall 
statistics ~ 100 events.

• Low significance region 
rejected to reduce 
statistical uncertainty

• Due to their higher LF 
contribution, negatively-
charged collisions suffer 
larger stat. unc. as well 
as LF background.

𝒆g𝒑 𝒆=𝒑
𝑸𝑱𝑩𝟐 𝑸𝑱𝑩𝟐

• A higher vertex detector resolution as well as luminosity will lead to measurements in 
lower x region.

• Channel-specific analysis (D/D*) will follow to further confine the strange quark 
content. 

𝒑𝑻 𝒚𝑱𝑩𝒙𝑱𝑩𝑸𝑱𝑩𝟐
𝒆g𝒑

𝒆=𝒑

𝑳𝑿𝒀 𝑳𝑿𝒀𝑺 𝑺

𝑳𝑿𝒀𝒎𝒊𝒓

𝑳𝑿𝒀𝒎𝒊𝒓
𝑺𝒎𝒊𝒓

𝑺𝒎𝒊𝒓

𝒆g𝒑 𝒆=𝒑

Eur. Phys. J. C 77 (2017) 367Z.Phys. C65 (1995) 189-198

p


