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Semi-inclusive deep inelastic scattering at the Electron Ion Collider

R. Seidl∗1

The electron-ion collider, EIC, will be a newly build
accelerator at Brookhaven National Laboratory to col-
lide polarized electrons with polarized protons and
light ions, as well as unpolarized heavier nuclei. It will
be the perfect place to study the strong interaction
with collision energies between

√
s = 29 to 141 GeV

and luminosities that are expected to be three orders
of magnitude higher than achieved at the HERA ring
in Germany. In early 2020 the US DOE office of sci-
ence acknowledged the EIC officially as a project that
will be built in the next 10 years. A large commu-
nity of more than 1000 members has already formed
with interest in the EIC, organized as the EIC user
group.1) Within this group a call for a comprehensive
Yellow report was formed that updates earlier publi-
cations on the physics goals2,3) and closely looks at
the technological options for EIC detectors to have in
order to fulfill these physics goals. The main process
at the EIC is deeply inelastic lepton-nucleon (or nu-
cleus) scattering, DIS, in which only the scattered lep-
ton is detected. The kinematic variables x, which is
the momentum fraction of the nucleon a parton has,
and the momentum transfer of the process Q2 can be
extracted. Typically scales of Q2 > 1 GeV2 are con-
sidered as in that case the extracted cross sections and
spin asymmetries can be factorized into hard scatter-
ing processes between partons that can be described
by perturbative QCD and nonperturbative parton dis-
tribution functions, PDFs. PDFs describe the distribu-
tion of quarks and gluons within the nucleon as a func-
tion of the momentum fraction x at a given scale Q2.
In semi-inclusive DIS at least one final state hadron is
also detected and the type, charge, momentum frac-
tion z and transverse momentum relative to the boson
mediating the lepton-parton scattering informs on the
flavor, spin and intrinsic transverse momentum of the
struck parton with the help of fragmentation functions.
These semi-inclusive DIS processes cover most of the
main physics goals of the EIC. For example, the spin
contribution by individual sea quark flavors to the total
nucleon spin can be probed this way. Also the three-
dimensional momentum picture of the nucleon can be
obtained via SIDIS measurements and the closely re-
lated Sivers function and the tensor charges for quarks,
sea-quarks and gluons (gluons only for the Sivers func-
tion).

As an example of the work by the SIDIS group of the
yellow report, the four-dimensional coverage of SIDIS
hadrons was studied at all envisioned collision energies
taking into account a potential detector configuration
ranging from −3.5 < η < 3.5 with varying particle
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Fig. 1. Particle identification acceptance ratios for pions
from semi-inclusive events at the EIC as a function of
momentum fraction z and transverse momentum PT , in
bins of x and Q2.

identification (PID) ranges depending on suitable tech-
nologies. Figure 1 displays the coverage for pions. One
can see that at intermediate x and Q2 the maximum
PID momentum of only 6 GeV limits the expected cov-
erage while elsewhere the coverage is sufficient. This
is caused by the fact that at central rapidities no com-
pact PID detector can cover a larger momentum range.
Using these detector coverages and realistic smearing,
pseudo-data was created resembling actual measure-
ments extrapolated to about 10 fb−1, which corre-
sponds to about a year of EIC running. This pseudo-
data was then used in global fits by theorists to extract
the impact on various physics goals of the EIC such as
the tensor charges that potentially relates to physics
beyond the standard model,4) the Sivers function,5)
as well as the expected scale dependence of the func-
tions that relate to the three-dimensional momentum
picture of the nucleon. The Yellow Report is now pub-
licly available6) and provides the basis for the ongoing
review process of the DOE.
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Bus-extender development for sPHENIX INTT detector
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sPHENIX is a major upgrade of the PHENIX ex-
periment at RHIC, and it aims to study the proper-
ties of quark-gluon plasma by measuring jet and up-
silon productions and their modifications. An inter-
mediate tracker (INTT) is a silicon strip barrel detec-
tor for sPHENIX.1) A bus-extender is a special cable
used for signal transfer between the INTT detector and
read-out electronics placed at least 120 cm away from
the INTT. The bus-extender has the following require-
ments: (1) flexibility, (2) length, (3) high-density signal
line (128 lines/5 cm), and (4) high-speed signal transfer
(by LVDS).

We developed a bus-extender in the past three
years.2) We found that the prototype of our 120 cm-
long bus-extender exhibits good electrical performance
in terms of signal loss and reflection. Some issues were
found in the prototype. The first issue is the forma-
tion of the through hole. The bus-extender comprises a
four-layer flexible printed cuicuit, and the through hole
is used to connect the signal lines between layers. We
found that the through hole had a nodule structure,
which can cause instability during long-term use. Fig-
ure 1 shows the layer structure of the bus-extender (left)
and the cross section view of the through hole (middle);
the nodule structure is formed in the through hole. We
attempted the production procedure by changing the
drilling methods and Cu-plating methods to remove
the nodules; however, they still existed. We changed

Fig. 1. (left) Layer structure of the bus-extender. (middle)
Cross section of the through hole made by the original
glue; nodules are formed. (right) Cross section of the
hole with the new glue.
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Fig. 2. Result of the thermal cycling test (1000 cycles in 50
days).

the glue used to laminate the multiple layers; this new
glue works effectively. Figure 1 (right) shows the cross-
section of the hole with the new glue.

We performed a thermal cycling test to test its long-
term stability. The test employs the application of high
(75◦C) and low (−15◦C) temperatures for 30 min each;
the temperature are changed at short time intervals
(5 min). We repeated this test for 1000 cycles. We pre-
pared three samples and measured the resistance of the
through holes to evaluate the stability. These samples
had 400, 600, and 1000 through holes that are daizy
chained. During the test, the polymer of the sample
expands and shrinks because of changes in tempera-
ture. This results in cracks in the through hole. If
the through holes have cracks, the resistance becomes
a large value. Figure 2 shows the result of the thermal
cycling test. The resistances changes repeatedly within
a valid range because of the changes in temperature for
the entire periods. This indicates that the through hole
has sufficent stability.

The second issue is that the peel strength of the pro-
totype is about 4 N. This value is very small compared
with the standard FPC (20 N). We found that the new
glue improved the peel strength to 30–40 N. The results
are summized in Ref. 3).

The radiation hardness and yield rate of the bus-
extender are also studied. The current status of the
studies are summarized in the Refs. 4, 5).

We successfully developed the bus-extender, and we
plan to start mass production in 2021.
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