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¥ QED process (Hypothesis)

PRL 120, 022001 (2018) 
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One-dimensional PT Unfolding Analysis

Unfolding
q Measurements in high energy physics (HEP) are usually affected by various detector effects

such as the resolution, efficiency, etc.

q Unfolding technique removes these effects and recovers the true spectrum.

Inputs to singular value decomposition (SVD) object
q Data

q Covariance matrix

q True spectrum

q Reconstructed spectrum (Reco)

q Detector response (smearing) matrix
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Unfolding Input – Measured PT Spectrum
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① Data to unfold: Run 15 inclusive pAu transverse 
momentum data at              GeV.sNN = 200



Unfolding Input – Reco PT Spectrum

② Reco spectrum: pAu reconstructed PT spectrum from a combination of 
UPC (EM) + DPMJET (HAD) MC training samples. This is a hypothesis.                         
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Neutron Selection Cuts

¥ ZDC energy: 40 < E < 120 and 2nd ZDC energy/ZDC total
energy > 0.03 ( i.e. non-zero 2nd ZDC energy )

¥ Acceptance cut: 0.5 < r < 4.0 cm

¥ SMD multiplicity: Nx/Ny >= 2 fired SMD strips.

¥ That is Nx and Ny > 1 fired strips above SMD threshold E = 0.003 GeV.

Following cuts were utilized for neutron identification and rejection of 
photon events. Same cuts were applied to experimental data:



z ZDC total energy: 40 < E < 120 and 2nd ZDC energy/ZDC total energy > 0.03 cuts
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Unfolding Input – Reco PT Spectrum
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Unfolding Input – Reco PT Spectrum
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Unfolding Input – True PT Distribution
Slide 10

③ True spectrum: 
True PT spectrum from addition of UPC (EM) + DPMJET   
(HAD)  MC samples.                               
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Unfolding Input – Response Matrix

④ Detector response matrix: 2D plot extracted from the Reco and True PT spectra of 
MC.                             
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Smearing Response Matrix (BOX)
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Unfolding Input – Covariance Matrix

⑤ Covariance matrix: 2D histogram extracted from the measured PT spectrum. 

Finally created a TSVDUnfold object to perform unfolding of the data distribution. 
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Covariance Matrix (BOX)
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Unfolding Output – Regularization Parameter
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¥ This distribution helps us cross-check the quality of our unfolding regularization.

¥ Regularization is chosen as the point where | d_i | stops being statistically 
significant.

¥ This is the point where the regularization (kreg) is considered most optimal.

¥ Performed unfolding with the regularization parameter (kreg = 6 as optimum).



Unfolding Output – Unfolded PT Distribution
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Unfolding Output – Unfolded PT Distribution
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RIKEN Nishina Center Acc. Progress Report
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Unfolding the transverse momentum distribution for very forward
neutron production in pAu collisions at

p
sNN = 200 GeV

B. Mulilo,⇤1,⇤2 for the PHENIX collaboration

The PHENIX collaboration measured that when a
transversely polarized proton with spin up collides
with unpolarized proton at

p
sNN = 200 GeV, they

generate neutrons predominantly to the right1). In
2011, theorists explained this result in terms of the in-
terference of pion and a1 reggeon exchanges2). But in
2015 using run 15 pAu data, we observed that when a
polarized proton collides with a gold nucleus at

p
sNN

= 200 GeV, they generate more neutrons to the left3)

contrary to theoretical predictions2). This nuclear de-
pendence of the asymmetry (AN ) has, therefore, at-
tracted a massive interest in nuclear physics.

To explore the nature of the proton spin further,
we are now studying AN as as a function of the true
transverse momentum (Pt). We begin with an under-
standing that our measurements are limited by known
e↵ects such as the detector resolution and detection ef-
ficiency among others. Our technique is, therefore, to
employ a method known as unfolding to remove these
known e↵ects and recover the true distribution.

Smearing response matrix
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Fig. 1. Smearing response matrix mapping the binned true

Pt spectrum to the measured spectrum.

We proceed by parametrizing measurement e↵ects
using the response matrix in Fig.1 from Monte Carlo4).
What this matrix does is to map the binned true spec-
trum in the Magenta line onto the measured spectrum
in the Green line of Fig.2. For the measured and true
distribution bins Ri and Tj , respectively, the smearing
matrix element Sij gives the fraction of entries from
bin Tj that end up being reconstructed in bin Ri.

The unfolding has been performed using the singular
value decomposition method5) contained in CERN’s
ROOT toolkit. Since our smearing matrix is not per-
fectly diagonal, we unfolded with a parameter, alias
Kreg5), which determines the regularization of the un-

⇤1 RIKEN Nishina Center
⇤2 Department of Physics, Korea University
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Fig. 2. Superposition of the experimental data, unfolded,

true and measured Pt distributions.
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Fig. 3. Unfolded spectra with various parameters.

folding. The unfolded spectrum was the distribution
corresponding to an optimum Kreg = 6 as depicted in
Fig.2. In the vicinity of optimum Kreg, we expect the
unfolded distributions to behave normally, so we com-
pared neighboring Kreg 3 and 4 to the optimum Kreg
= 6 and the result was as expected as shown in Fig.3.

We are now extending the ideas of the one dimen-
sional unfolding to two dimensional unfolding of Pt in
azimuth �. The unfolded spectrum will then be used
to calculate AN as a function of the unfolded Pt and we
will finally be able to draw further conclusions about
the the nature of the proton spin.

- - - - -
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Preparation of the true and reconstructed transverse momenta distributions in azimuth, Φ.

True and reconstructed transverse momentum distributions (GeV/c):
§ PT bins = 4 bins
§ Minimum PT = 0.0
§ Maximum PT = 0.3
§ PT bin width = 0.075
§ PT slices = 0.0<PT<0.075 (bin 1), 0.075<PT<0.150 (bin 2), 0.150<PT<0.225 (bin 3), 

0.225<PT<0.300 (bin 4)

True and reconstructed azimuth, Φ (radians):
§ Φ bins = 6 bins
§ Minimum Φ = -3.14 (-Pi)
§ Maximum Φ = +3.14 (+pi)
§ Φ bin width = 1.05
§ Φ slices = -(3.14< Φ <2.10) (bin 1), -(2.10< Φ <1.05) (bin 2), -(1.05< Φ <0.0) (bin 3), 

0.0< Φ <1.05 (bin 4), 1.05< Φ<2.10 (bin 5) and 2.10< Φ<3.15 (bin 6)

2D (PT, Φ) Unfolding for Asymmetry Calculations
Slide 17



Current Tasks
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v Converting two-dimensional to one-dimensional PT in Φ distribution and construct the
smearing response matrix input to the TSVD unfolding (current priority)

v Apply the unfolding using ROOT’s singular value decomposition (SVD) method
incorporated in CERN’s ROOT analysis toolkit.

Analysis Prospect

q Reconstruct PT - dependence of AN distribution

q Compute systematic uncertainties associated with the AN vs. PT

Single transverse spin asymmetry of forward neutrons

B. Z. Kopeliovich, I. K. Potashnikova, and Iván Schmidt
Departamento de Fı́sica, Universidad Técnica Federico Santa Marı́a; and Instituto de estudios avanzados en ciencias en ingeniera;

and Centro Cientı́fico-Tecnológico de Valparaı́so; Casilla 110-V, Valparaı́so, Chile

J. Soffer
Department of Physics, Temple University, Philadelphia, Pennsylvania 19122-6082, USA

(Received 13 September 2011; published 14 December 2011)

We calculate the single transverse spin asymmetry ANðtÞ, for inclusive neutron production in pp
collisions at forward rapidities relative to the polarized proton in the energy range of RHIC. Absorptive

corrections to the pion pole generate a relative phase between the spin-flip and nonflip amplitudes, leading

to a transverse spin asymmetry which is found to be far too small to explain the magnitude of AN observed

in the PHENIX experiment. A larger contribution, which does not vanish at high energies, comes from the

interference of pion and a1-Reggeon exchanges. The unnatural parity of a1 guarantees a substantial phase
shift, although the magnitude is strongly suppressed by the smallness of diffractive !p ! a1p cross

section. We replace the Regge a1 pole by the Regge cut corresponding to the !" exchange in the 1þS
state. The production of such a state, which we treat as an effective pole a, forms a narrow peak in the 3!
invariant mass distribution in diffractive !p interactions. The cross section is large, so one can assume

that this state saturates the spectral function of the axial current and we can determine its coupling to

nucleons via the partially conserved axial-vector-current constraint Goldberger-Treiman relation and the

second Weinberg sum rule. The numerical results of the parameter-free calculation of AN are in excellent

agreement with the PHENIX data.

DOI: 10.1103/PhysRevD.84.114012 PACS numbers: 13.85.Ni, 11.80.Cr, 11.80.Gw, 13.88.+e

I. INTRODUCTION

The single transverse spin asymmetry of neutrons was
measured recently by the PHENIX experiment at RHIC [1]
in pp collisions at energies

ffiffiffi
s

p ¼ 62, 200 and 500 GeV.
The measurements were performed with a transversely
polarized proton beam and the neutron was detected at
very forward and backward rapidities relative to the polar-
ized beam. Preliminary results are depicted in Fig. 1. An
appreciable single transverse spin asymmetry was found in
events with large fractional neutron momenta z. The data
agree with a linear dependence on the neutron transverse
momentum qT , and different energy match well, what
indicates at an energy independent ANðqTÞ.

Usually polarization data are more sensitive to the
mechanisms of reactions than the cross section. Below
we demonstrate that the large magnitude of the single
transverse spin asymmetry of forward neutrons discovered
in [1], reveals a new important mechanism of neutron
production ignored in all previous studies of the reaction
cross section.

At the same time, neutrons produced with xF < 0 show a
small asymmetry, consistent with zero. This fact is ex-
plained by the so called Abarbanel-Gross theorem [2]
which predicts zero transverse spin asymmetry for
particles produced in the fragmentation region of an un-
polarized beam. This statement was proven within the
Regge pole model illustrated in Fig. 2. The amplitude
of the reaction p " þp ! X þ n squared, Fig. 2(a), is
related by the optical theorem with the triple-Regge graph

in Fig. 2(b). According to Regge factorization the proton

spin can correlates only with the vector product, [ ~k% ~k0],
of the proton momenta in the two conjugated amplitudes,
as is shown in Fig. 2(b). According to the optical theorem

these momenta are equal, ~k ¼ ~k0, so no transverse spin
correlation is possible. Regge cuts shown in Fig. 2(c)
breakdown this statement, but the magnitude of the gained
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FIG. 1 (color online). Single transverse spin asymmetry AN in
the reaction pp ! nX, measured at

ffiffiffi
s

p ¼ 62, 200, 500 GeV [1]
(preliminary data). The asterisks show the result of our calcu-
lation, Eq. (40), which was done point by point, since each
experimental point has a specific value of z (see Table I).
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Analysis Schedule (So Compact)  

TIMELINE ANALYSIS TASKS STATUS
Nov. 2019 Monte Carlo tuning to match data Checked
Nov. 2019 Disable single SMD hit event and get rid of spikes Checked
Nov. 2019 Azimuthal distribution health check of UPC_AN+0.2 Checked
Dec. 2019 Convert 2D(PT, Φ) into 1D preparation for 1D unfolding Here now
Dec-Jan 2020 PT, Φ 1D unfolding current
Jan-Feb 2020 Stability check of unfolding matrix using MC current
Feb-Mar 2020 Unfolding experimental data current
Mar. 2020 Calculate AN as a function of PT Pending
Mar. 2020 Backgrounds and systematic uncertainty Pending
Apr. 2020 Preliminary Pending
May-Jul 2020 Paper draft Pending
Aug. 2020 Paper submission Pending
Aug-Oct 2020 Thesis writing Pending
Dec. 2020 Defense Pending

Below is the analysis schedule for tasks remaining after the 1D unfolding results shown in this presentation.
The schedule is too compact to finish all remaining tasks this year, 2020.
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Analysis Schedule (Tentative)  

TIMELINE ANALYSIS TASKS STATUS

Jan. 2020 Convert 2D (PT, Φ) into 1D hist prepartion for unfolding Now here

Mar. 2020 PT-Φ 1D unfolding and stability check of unfolding matrix Pending

Aug. 2020 Unfolding the experimental data and calculation of AN(PT) Pending

Dec. 2020 Study the background and systematic uncertainty and get 
preliminary

Pending

Jun. 2021 Prepartion and submission of the paper draft Pending

Dec. 2021 Defending thesis and completion of the Ph.D requirements. Pending

If there will be positive feedback from the University of Zambia? Tentative but more realistic
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Unfolding Output – Unfolded PT Distribution
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Unfolding Output – Unfolded PT Distributions
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Unfolding Output – Unfolded PT Distribution
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Acceptance Cut Check
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z Inner and outer radii > 0.5 cm and < 4.0 cm cuts, respectively are applied as shown in the bottom right side panel.



SMD Energy Check
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SMD XY Position Check
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¥ Top panels depict # of fired vertical, Nx, (left) and horizontal, Ny, (right) smd before applying Nx(Ny) > 1 hit 
cut.
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¥ Bottom panels are x (left) and y (right) particle position distributions before smd cut,
Nx && Ny > 1 fired strips above SMD threshold, E = 0.003 GeV is applied. The spikes x = 7 and y = 8 are smd strips.



¥ Top panels display the number of vertical, Nx, (left) and horizontal, Ny, (right) smd after applying Nx(Ny) > 1 hit cut.

¥ Bottom panels are x (left) and y (right) particle position distributions after smd cut Nx/Ny > 1 fired strips above
the SMD threshold, E = 0.003 GeV is applied. The SMD spikes in the x and y distributions have now been eliminated.
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SMD XY Position Check
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