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reconstruct and identify hadron



SIDIS, in a nutshell

2

reconstruct and identify scattered electron

reconstruct and identify hadron

separate signals from different hadrons
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x,Q2, z, Ph?,�S ,�•multi-dimensional binning in

• reconstruction of variables via scattered lepton and/or detected hadrons

Reconstruction via scattered lepton (high y) 

and double-angle method (low y)

3
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Figure 42: Difference in reconstructed Q2, normalised to the true Q2, with and without the
inclusion of the eHCAL for the Jacquet-Blondel (red circles) and the double-angle (green
diamonds) methods for s = 18 GeV⇥100 GeV. The relative difference DQ2/Q2

true is shown as
a function of x for various bins in y (columns) and Q2 (rows).
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Can an e-side HCAL help?
Relative difference in Q2 

with and without eHCAL

studies for ECCE
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Figure 42: Difference in reconstructed Q2, normalised to the true Q2, with and without the
inclusion of the eHCAL for the Jacquet-Blondel (red circles) and the double-angle (green
diamonds) methods for s = 18 GeV⇥100 GeV. The relative difference DQ2/Q2

true is shown as
a function of x for various bins in y (columns) and Q2 (rows).
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with and without eHCAL

Absence/presence of EHCAL visible

for hadronic methods for xB and Q2 at high y

(where e-method works well)

Not very useful from that perspective


studies for ECCE
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Fit: 
A. Bacchetta et al., 

JHEP 06 (2017) 081, 

JHEP 06 (2019) 051 (erratum) 



SIDIS, coverage

T. Ullrich Nuclear Inst. and Methods in Physics Research, A 1039 (2022) 167041

Fig. 2. Schematic layout of the interaction region at IP6.

Fig. 3. Schematic showing the distribution of the scattered lepton and hadrons for different x–Q2 regions over the detector polar angle/pseudorapidity coverage.

Compared to hadron colliders, the EIC has a much higher crossing
frequency of 100 MHz. However, the EIC cross section (Ì50 �b) is much
smaller than the p + p cross-section (40–80 mb from RHIC to LHC),
making the EIC collision rate (Ì500 kHz) and particle production rate
(4M charged particle per second) a factor 10–1000 lower than that of
RHIC and the LHC. Nonetheless, the EIC has a broad event topology
and is sensitive to machine backgrounds and detector noise. All these
effects pose challenges to the operational requirements for a detector.

3. Physics requirements

In late 2019, the EIC User Group engaged in a massive effort to
advance the state and detail of the physics requirements and design
concepts for the experimental program at the EIC. These studies aimed
to provide the basis for further development of concepts for exper-
imental equipment best suited for the science needs, including the

importance of two complementary detectors and interaction regions.
The results of these studies were documented in a ‘‘Yellow Report’’ (YR)
in March 2021 [5]. The report underlines that the diverse physics pro-
gram promised by the EIC poses a technical and intellectual challenge
for the detector design. Accommodating the needs of experimental
measurements with different and, at times, competing requirements in
one general-purpose detector design requires detailed consideration of
the physics processes involved.

Fig. 3 illustrates the correlation between polar angle (✓) and pseu-
dorapidity, ⌘, and the x * Q2 phase space and its relevance for the
different detector regions. Studies of the physics-driven requirements
were organized by three basic types of Deep Inelastic Scattering (DIS)
processes: Inclusive DIS, both in neutral and charged current mode,
semi-inclusive DIS, and exclusive DIS. The EIC follows the convention
used at the HERA collider at DESY: the hadron beam travels in the
positive z-direction/pseudorapidity and is said to be going ‘‘forward’’.

3

•hadron reconstruction and identification over entire coverage

—> PID detectors, separating electrons, pions, kaons and protons

• tracking

•hadron calorimeters (for jets)

•vertexing for heavy-flavour decays



Momentum coverage of hadrons
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Need to reconstruct and identify hadrons for momenta down to ~0.1 GeV/c (in central region) 

and up to above 10 GeV (in forward region), depending on pseudo-rapidity region.
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e-side HCAL : hit distributions
Fractional number of DIS events with signal in EHCAL (for particles without track)

E_ehcal>0.0 GeV: 15%

E_ehcal>0.2 GeV: 12% 

E_ehcal>0.5 GeV: 7%

E_ehcal>1.0 GeV: 3% 

E_ehcal>1.5 GeV: 2%
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E eHCAL>1.0 GeV

E eHCAL>1.5 GeV

18x275 GeV2
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Resolutions 21

FIG. 19: Mean �pT /pT resolutions (top panel) or RMS values (bottom panel) in bins of x and Q2 for DIS events at 18 GeV
x 275 GeV collisions. Left figure: Resolutions using the scattered lepton for kinematic reconstruction, middle figure: Using
the Jaquet Blondel method for the kinematic reconstruction, right figure: Using the double angle method for kinematic
reconstruction. The two latter methods used a track-matching criterion of R2 < 0.05.

FIG. 20: Mean ��h/�h resolutions (top panel) or RMS values (bottom panel) in bins of x and Q2 for DIS events at 5 GeV
x 41 GeV collisions. Left figure: Resolutions using the scattered lepton for kinematic reconstruction, middle figure: Using
the Jaquet Blondel method for the kinematic reconstruction, right figure: Using the double angle method for kinematic
reconstruction. The two latter methods used a track-matching criterion of R2 < 0.05.

20

FIG. 17: Mean �z/z resolutions (top panel) or RMS values (bottom panel) in bins of x and Q2 for DIS events at 18 GeV
x 275 GeV collisions. Left figure: Resolutions using the scattered lepton for kinematic reconstruction, middle figure: Using
the Jaquet Blondel method for the kinematic reconstruction, right figure: Using the double angle method for kinematic
reconstruction. The two latter methods used a track-matching criterion of R2 < 0.05.

FIG. 18: Mean �pT /pT resolutions (top panel) or RMS values (bottom panel) in bins of x and Q2 for DIS events at 5 GeV
x 41 GeV collisions. Left figure: Resolutions using the scattered lepton for kinematic reconstruction, middle figure: Using
the Jaquet Blondel method for the kinematic reconstruction, right figure: Using the double angle method for kinematic
reconstruction. The two latter methods used a track-matching criterion of R2 < 0.05.

22

FIG. 21: Mean ��h/�h resolutions (top panel) or RMS values (bottom panel) in bins of x and Q2 for DIS events at 18 GeV
x 275 GeV collisions. Left figure: Resolutions using the scattered lepton for kinematic reconstruction, middle figure: Using
the Jaquet Blondel method for the kinematic reconstruction, right figure: Using the double angle method for kinematic
reconstruction. The two latter methods used a track-matching criterion of R2 < 0.05.

FIG. 22: Mean ��S/�S resolutions (top panel) or RMS values (bottom panel) in bins of x and Q2 for DIS events at 5 GeV
x 41 GeV collisions. Left figure: Resolutions using the scattered lepton for kinematic reconstruction, middle figure: Using
the Jaquet Blondel method for the kinematic reconstruction, right figure: Using the double angle method for kinematic
reconstruction. The two latter methods used a track-matching criterion of R2 < 0.05.

23

FIG. 23: Mean ��S/�S resolutions (top panel) or RMS values (bottom panel) in bins of x and Q2 for DIS events at 18
GeV x 275 GeV collisions. Left figure: Resolutions using the scattered lepton for kinematic reconstruction, middle figure:
Using the Jaquet Blondel method for the kinematic reconstruction, right figure: Using the double angle method for kinematic
reconstruction. The two latter methods used a track-matching criterion of R2 < 0.05.

FIG. 24: Mean �z/z resolutions (left panel) or mean and RMS values (right panel) in bins of x and Q2 for DIS events at 5
GeV x 41 GeV collisions (top panel) and 18 GeV x 275 GeV (bottom panel).
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xPz
kT

Pz

3D spin-dependent momentum structure of the nucleon

Sivers asymmetry
kT kT

Semi-inclusive measurements, with hadron reconstruction and pid down to low pT (~100 MeV for 𝜋)

Decrease of asymmetry with increasing Q2 → need high precision (<1%) to measure asymmetry at high Q2                                        

• Low x and Q2: asymmetry well below 1%       need high precision 

• TMD evolution

→

Figure 1: Example of the expected evolution e↵ects from [13] for the Sivers asymmetry at an intermediate x, z and PT value, as a function of Q for three collision
energy combinations. The error bands represent the current level of uncertainties and the data points represent the projected ECCE uncertainties (statistical and
systematic uncertainties combined) to be discussed further below put to the central values of the current parameterization.

Sivers asymmetries of about 2 % would decrease to the sub-44

percent level at higher scales. As such, it is important for any45

EIC experiment to be able to reconstruct such asymmetries with46

both statistical and systematic precision below the 1 % level47

over a large kinematic range in a fine enough binning. The de-48

tails of the expected precision of the ECCE measurements will49

be discussed below, but one can already see the complementar-50

ity between di↵erent collision energies in covering a large lever51

arm with su�cient precision.52

The Collins e↵ect [2] relates the chiral-odd quark transver-53

sity distribution [17], that is the basis for the tensor charge,54

with a polarized fragmentation function, the Collins fragmenta-55

tion function. It correlates the transverse spin of a fragmenting56

parton with the azimuthal yield of final-state hadrons around57

the axis of this parton. Unlike the Sivers function, that can be58

accessed with an unpolarized fragmentation function, the fact59

that the fragmentation function is also polarized and chiral-odd60

makes the transversity extraction more di�cult. Nevertheless,61

access to only the Collins FFs has been obtained from e+e�62

annihilation measurements, initially by Belle [9, 10] and later63

by BABAR [11] and BESIII[12]. Using this information to-64

gether with the SIDIS data from HERMES, COMPASS and65

JLAB, various transversity extractions have been performed,66

although they predominantly rely on only valence flavors so67

far. Recently, also single-hadron single spin asymmetries from68

hadronic collisions were included in a global QCD analyssi69

of all avialable data on transverse spin asymmetries, includ-70

ing apart from SIDIS, Drell-Yan and e+e� data also AN data71

from proton-proton scattering [18]. The interest of the tensor72

charges stems from the fact that various interactions beyond the73

standard model may be also a tensor type of interaction [19].74

As at the same time Lattice QCD calculations argue to be al-75

ready fairly reliable on the calculation of the tensor charge, any76

discrepancies between measurement and Lattice results may in-77

dicate BSM e↵ects. Although the tensor charges are expected78

to be more of a valence quark e↵ect (due the the charges being79

defined as the di↵erence of quark and antiquark transversities),80

fixed target measurements will not be able to perform the inte-81

gral over large enough of an x range to satisfactorily extract the82

charges, but the EIC can [20]. Also here the scale dependence83

is of interest as well as accessing the sea quark transversity dis-84

tributions.85

2. Data selection86

The simulated data were obtained using the pythiaeRHIC im-87

plementation of pythia6 [21] with the same settings and events88

that were also used in the SIDIS studies of the EIC Yellow re-89

port [22]. It should be noted that for these studies no dedicated90

radiative e↵ects were generated other than what is already in-91

cluded in pythia. These e↵ects are likely very relevant, espe-92

cially at large y but are common to all EIC detector proposals93

and were therefore not studied here. The generated data, in94

its eic-smear format, was then run through a geant4 simulation95

of ECCE that contains all the relevant tracking detectors and96

calorimeters, as well as some of the support material, magnet97

yoke, the PID detectors, etc., c.f. [23]. The PID information98

in these simulations came from a parametrization based on the99

rapidity and momentum dependent PID resolutions that can be100

expected for the various PID subsystems.101

The data was obtained at the energy combinations that are102

summarized in Table 1 where the simulations were separated103

into low Q2 data and higher Q2 data in order to still obtain rea-104

sonable statistics at the lower cross sections at higher Q2. Un-105

like in the Yellow Report, no dedicated e+3He simulations were106

run and instead for the impact studies the Yellow Report un-107

certainties were rescaled based on the ECCE e+p simulations.108

As can be seen from these luminosities, especially at low Q2
109

the accumulated data is still far below the level of statistics to110

be expected from the EIC. Nevertheless the statistics are large111

enough to evaluate the statistical uncertainties that can be ex-112

pected. At the higher Q2 > 100 GeV2 range, the luminosities113

are generally larger which in turn compensates for the lower114

cross sections and event rates expected there.115

3. General (SI)DIS kinematics, requirements116

As with all deeply inelastic scattering events the typical re-117

quirements on DIS kinematics are considered. The most im-118

portant one is on the scale of the process by having a lower119

limit on the squared momentum transfer from the lepton to the120

nucleon, Q2 > 1 GeV2. Additionally, also the invariant mass121

of the hadronic final state is supposed to be above the main nu-122

cleon resonances which is ensured with W2 > 10 GeV2. Further123

requirements are made on the inelasticity to be 0.01 < y < 0.95124

4

ECCE

Parametrisation: M. Bury et al., JHEP, 05:151, 2021
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- systematic uncertainty= 

   |generated - reconstructed|

- additionally: 3% scale uncertainty

- Beam polarisations set to 70%.

ECCE

Figure 10: Projected ⇡+ Sivers asymmetry statistical and systematic uncertainties as a function of either z (top panel) in bins of PT or as a function of PT in bins of
z (bottom panel) for three select x and Q2 bins. The asymmetries are shown at arbitrary values for better visibility. The statistical uncertainties are extrapolated to
an accumulated luminosity of 10 fb�1 for the 18 GeV x 275 GeV energy option. For better visibility either 4 bins in PT and 2 bins in z were combined or vice versa.

13

Uncertainties Sivers asymmetry
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Sivers asymmetry
kT kT

<latexit sha1_base64="XclGTWTjZvi7+RANa0U9OmT0jV0=">AAACGnicbVDLSsNAFJ34rPUVdelmsAiuSiKKLot14bJCX9CkYTKdtEMnD2dulBLyHW78FTcuFHEnbvwbp4+Fth64cDjnXu69x08EV2BZ38bS8srq2npho7i5tb2za+7tN1WcSsoaNBaxbPtEMcEj1gAOgrUTyUjoC9byh9Wx37pnUvE4qsMoYW5I+hEPOCWgJc+0M4cSgat5J/Ayu553nYTJxAEeMoWvPbub3TmS9wdApIwf8CB3PbNkla0J8CKxZ6SEZqh55qfTi2kasgioIEp1bCsBNyMSOBUsLzqpYgmhQ9JnHU0jole72eS1HB9rpYeDWOqKAE/U3xMZCZUahb7uDAkM1Lw3Fv/zOikEl27GoyQFFtHpoiAVGGI8zgn3uGQUxEgTQiXXt2I6IJJQ0GkWdQj2/MuLpHlats/L1u1ZqXI1i6OADtEROkE2ukAVdINqqIEoekTP6BW9GU/Gi/FufExbl4zZzAH6A+PrB71doVE=</latexit>
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1T ⇥Dq!h

1 ]

• Low x and Q2: small statistical uncertainty. High precision is needed since asymmetry at low x and Q2 well below 1%.

• For not too large z and PT, statistical uncertainty well below 1%.

• Systematic uncertainties increase with z and PT: likely because of higher smearing effects.

systematic uncertainty= 

|generated - reconstructed|


Additionally: 3% scale uncertainty

Beam polarisations assumed 

to be 70%.

ECCE

Figure 16: Projected ⇡+ Sivers asymmetry statistical uncertainties as a function of z and PT in bins of x and Q2. The statistical uncertainties are extrapolated to an
accumulated luminosity of 10 fb�1 for the 5 GeV x 41 GeV energy option.

Figure 17: Example figure of the Q2 dependence of Sivers asymmetries for ⇡+ for three x bins after integrating over transverse and fractional momenta.

Figure 18: Example figure of the Q2 dependence of Collins asymmetries for ⇡+ for three x bins after integrating over transverse and fractional momenta.
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• Low x and Q2: small statistical uncertainty.

• For not too large PT (and z) 


statistical uncertainty well below 1%.

• Systematic uncertainties increase with PT (and z)


likely because of higher smearing effects.

• Intermediate and high x:

good coverage in Q2,

complementarity at different COM energies.
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Influence of the magnetic field: example for ALL
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Figure 14: Ratio of the statistical uncertainties for positive-pion asymmetries collected at
s = 18 ⇥ 275 GeV2 with the 1.4 T and 3.0 T configurations, as a function of xB (x axis) and Q2

(color), for 0.10 < z < 0.15 (left ) and 0.60 < z < 0.70 (middle).

acceptance by higher magnetic fields, the ratio of the uncertainties is on average below
1.0 for this low-z bin. A higher-z region, depicted in the middle panel, illustrates the fact
that the higher-energetic hadrons are less deviated by a higher magnetic field, resulting
in an average statistical-uncertainty ratio centered around 1. An increase of the ratio as a
function of xB is observed for fixed values of Q2, a trend most clearly observed in the lower
z region, though also visible for higher z values. This means that the 3.0 T configuration
allows for a better coverage at larger values of xB for fixed Q2, apart for the highest xB
bin at fixed Q2, where a drop of the ratio, likely linked to the lower cut on y and finite
resolution, is observed.

4 Summary and outlook

The evaluation of the measurement of double-spin asymmetries in semi-inclusive DIS
using the ECCE detector has been presented for pion and kaon production. The study
shows that the ECCE design is well suited for the measurement of such asymmetries and
for the subsequent extraction of parton helicity distributions. First, the resolution of the
ECCE detector is such that the smearing of kinematic variables is limited. Secondly, the
design provides a good acceptance, allowing for the measurement of asymmetries that
already without corrections reflect closely the generated asymmetries. Furthermore, the
envisioned detector provides a broad kinematic coverage in xB, Q2, and z, aided by the
possibility to vary the beam energies. In turn, the broad kinematic coverage, down to
xB = 10�4, and a high precision are essential to constrain the helicity distributions, in
particular the sea-quark and gluon helicity distributions at low xB, which so far remain
largely unconstrained.
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• Influence on statistical uncertainty:

•No change in kinematic coverage observed between 1.4 and 3.0 T magnet

→ lower magnetic field brings some advantage at low xB but 1.4 T or 3.0 T both appropriate

studies for ECCE



Summary
• SIDIS measurements require:

• electron and hadron reconstruction and PID in -4≲η≲4

→ tracking detectors 

→ particle identification to separate electrons, charged pions, kaons and protons


Cherenkov radiation: medium to high-p range for e, π, K, p  
dE/dx low-p π, K, p 
TOF for low-to-medium-p π, K, p 
transition radiation for e/h with p> 2 GeV 
calorimeter for e/h separation

→ calorimeters for jet physics

→ good vertex, for heavy-flavour decays

• resolution: studies required to quote minimum needed resolution, but ECCE-like detector satisfies needs
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