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List
• Alignment and recalibration of the PHENIX VTX detector for run16

• Double longitudinal asymmetry of η production with PHENIX run13 data



Alignment and recalibration of the PHENIX 
VTX detector for run16

• Alignment procedures (reported at PHENIX analysis meeting on Nov/10/2020)


• Recalibration (reported at PHENIX analysis meetings Nov/10/2020 
and Apr/27/2021)

Self-Alignment using ZF
• Initial geometry : Run15 final 

geometry
• Many more alignment steps than 

those in the Run14 calibration to 
try to minimize the adverse 
influence of the 1 missing layer 
in the West arm

• Ladder radii are fixed from 0-0 
through 12-1.

• Additional ladder level alignment 
in the East arm from 12-1 
through 12-11, allowing shifts in 
the radius direction.
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Prod Id Geometry/Alignment

0-0_0~2 Run15, BC iterations

0-0_3 prod0
0-1 Arm(x, y, z)
10-0 prod1

10-1 Arm(x, y, z, pitch, yaw)
10-2 HL(s, z) HL r fixed

11-0 Prod2
11-1 Arm(x, y, z, pitch, yaw)

11-2 L(s, z) sigma = 1e-3
B2 & B3 fixed 

11-3 L(s, z) sigma = 1e-3
B0 & B1 fixed 

11-4 L(s, z) sigma = 1e-3
B2 & B3 fixed 

11-5 L(s, z) sigma = 1e-3
B0 & B1 fixed 

11-6 L(s, z) sigma = 5e-4

12-0 prod3

12-1 Arm(x, y, z, pitch, yaw)

Prod Id Geometry/Alignment

12-1 Arm(x, y, z, pitch, yaw)

12-2 L(s, r) sigma = 5e-4
W all fixed. E B0, 1, 2 fixed 

12-3 L(s, r) sigma = 5e-4
W all fixed. E B0, 1, 3 fixed 

12-4 L(s, r) sigma = 5e-4
W all fixed. E B0, 1, 2 fixed 

12-5 L(s, r) sigma = 5e-4
W all fixed. E B0, 1, 3 fixed 

12-6 L(s, r) sigma = 5e-4
W all fixed. E B0, 1 fixed 

12-7 L(s, r) sigma = 5e-4
W all fixed. E B1, 2, 3 fixed

12-8 L(s, r) sigma = 5e-4
W all fixed. E B0, 2, 3 fixed

12-9 L(s, r) sigma = 5e-4
W all fixed. E B1, 2, 3 fixed

12-10 L(s, r) sigma = 5e-4
W all fixed. E B0, 2, 3 fixed

12-11 L(s, r) sigma = 5e-4
W all fixed. E B2, 3 fixed

Analysis Meeting

with Y, Yasuyuki(RBRC), T. Hachiya(RBRC&NWU), 
and T. Todoroki (Tsukuba Univ.)

Resultant geometry
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Difference b/w the ideal 
and the final geometry.



Re-calibration of VTX
• Correlation b/w DCA2D and residual on VTX in s direction 

(hit position - projected position of track) 

residuals[0]

layer #0

(innermost)

layer #3

(outermost)

layer #2

layer #1

track

hit on VTX

s = rΔφ



• Correlation b/w DCA2D and residual on VTX in s direction 
(hit position - projected position of track) 


• The correlations can be estimated by fitting with linear functions.

0

200

400

600

800

1000

1200

DCA2D vs res_s[Nclus-1], West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)

0.1− 0.08− 0.06− 0.04− 0.02− 0 0.02 0.04 0.06 0.08 0.1
res_s[Nclus-1]

400−

300−

200−

100−

0

100

200

300

400

m
)

µ
D

C
A 

(

DCA_correlation_West_pt_1.5

Entries  293920

Mean x  0.001173

Mean y   24.99

Std Dev x  0.01205

Std Dev y   73.17

DCA_correlation_profile_West_pt_1.5

Entries  293920
Mean   0.001173
Mean y   24.99
Std Dev    0.01205
Std Dev y   73.17

 / ndf 2χ  659.4 / 28
p0        0.11± 21.39 
p1        9.9±  3299 

DCA2D vs res_s[Nclus-1], West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)

0

200

400

600

800

1000

Corrected DCA2D vs res_s[Nclus-1], West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)

0.1− 0.08− 0.06− 0.04− 0.02− 0 0.02 0.04 0.06 0.08 0.1
res_s[Nclus-1]

400−

300−

200−

100−

0

100

200

300

400

m
)

µ
D

C
A 

(

DCA_correlation_corrected_West_pt_1.5

Entries  293920

Mean x  0.001173

Mean y 0.2746− 

Std Dev x  0.01205

Std Dev y   60.16

Corrected DCA2D vs res_s[Nclus-1], West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)
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Corrected DCA distribution, West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)
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10000 * dca2Dprimary - 21.3907 - 3299.02 * res_s[Nclus-1]
 57.4203→: 65.4486 σ

87.7% wrt no correction
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DCA2D vs res_s[Nclus-2], West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)

0

100

200

300

400

500

600

Corrected DCA2D vs res_s[Nclus-2], West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)

0.1− 0.08− 0.06− 0.04− 0.02− 0 0.02 0.04 0.06 0.08 0.1
res_s[Nclus-2]

400−

300−

200−

100−

0

100

200

300

400

m
)

µ
D

C
A 

(

DCA_correlation_corrected_West_pt_1.5

Entries  293920

Mean x  0.00168
Mean y 0.1048− 

Std Dev x  0.02134
Std Dev y   59.34

Corrected DCA2D vs res_s[Nclus-2], West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)
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Corrected DCA distribution, West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)

DCA_corrected_West_pt_1.5
Entries  293920

Mean  0.1048− 

Std Dev     59.34
 / ndf 2χ  22.89 / 17

Constant  4.650e+01± 1.662e+04 

Mean      0.1546± 0.6116 
Sigma     0.20± 55.33 

DCA_West_pt_1.5
Entries  293920

Mean  0.2746− 

Std Dev     60.16
 / ndf 2χ  22.76 / 17

Constant  4.557e+01± 1.612e+04 

Mean      0.166± 0.811 
Sigma     0.23± 57.52 

DCA_West_pt_1.5
Entries  293920

Mean  0.2746− 

Std Dev     60.16
 / ndf 2χ  22.76 / 17

Constant  4.557e+01± 1.612e+04 

Mean      0.166± 0.811 
Sigma     0.23± 57.52 

10000 * dca2Dprimary - ( 21.3907 + 3299.02 * res_s[Nclus-1]) - 0.66099 - -494.496 * res_s[Nclus-2]
 55.3271→: 57.5249 σ

96.2% wrt no correction
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DCA2D vs res_s[Nclus-3], West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)
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Corrected DCA distribution, West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)
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Re-calibration of VTX

Run443780, West arm

1.5 < pT < 2.0
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Corrected DCA distribution, West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)
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87.7% wrt no correction
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DCA2D vs res_s[Nclus-2], West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)
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Corrected DCA2D vs res_s[Nclus-2], West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)
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96.2% wrt no correction
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DCA2D vs res_s[Nclus-3], West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)
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Corrected DCA2D vs res_s[Nclus-3], West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)
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Corrected DCA distribution, West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)
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Re-calibration of VTX

Run443780, West arm

1.5 < pT < 2.0

dca2Dprimary

res_s[i] vs  dca2DPrimary dca2DPrimary,

corrected dca2Primaryres_s[i] vs corrected dca2DPrimary

• Correlation b/w DCA2D and residual on VTX in s direction 
(hit position - projected position of track) 


• The correlations can be estimated by fitting with linear functions.

• Corrected DCA2D distributions with the fitting function shows better 

DCA resolution

• The corrections can be done for all VTX planes iteratively.

• This procedure was applied to each arm and pT bins.
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Corrected DCA distribution, West, (1.5< mom * sin( the0 ) )&&(mom * sin ( the0 ) < 2)
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Re-calibration iteration over VTX planes
Run443780, West arm

1.5 < pT < 2.0 GeV/c

1st iteration

2nd iteration

3rd iteration

res_s[i] vs 

dca2DPrimary dca2DPrimaryres_s[i] vs corrected


dca2DPrimary

12% smaller

3.8% smaller

4.9% smaller

no correction: 
65.5 μm

all corrections: 
52.6 μm
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DCA resolution for many runs, 
East arm
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■ Nominal in 2021

★ from the fittings to constant 
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Alignment and recalibration of the PHENIX 
VTX detector for run16

Improvement on the DCA resolution for PHENIX

G. Nukazuka,∗1 Y. Akiba,∗1 T. Hachiya,∗1,∗2 and T. Todoroki,∗3

PHENIX experiment took data at RHIC in BNL
since 2001 to 2016 to study quark-gluon plasma and
spin structure of the nucleon.

Measurement of the distance of closest approach
(DCA), which is the minimum distance from a beam
collision point to trajectory of a reconstructed particle,
significantly suppress background to heavy flavor pro-
duction measurement in a single electron channel. The
vertex tracker (VTX)1)2) consists of two layers with sil-
icon pixel sensors and two layers with silicon strip sen-
sors. VTX in each of the west and east arm measures
the trajectory, and the beam-beam counter determines
the Z-coordinate of the beam collision point. DCA is
calculated event by event using these information.

In 2016, PHENIX measured Au-Au collisions at col-
lision energy

√
sNN = 200 GeV. One of tasks needed

to start Data Summary Tape (DST) production of the
data is the alignment of the VTX detector. In the
alignment process, we found strong linear correlations
between DCA in the transverse direction with respect
to the beam-axis and residual in track fitting in the
direction of s = r∆φ (Fig. 1), where r is the dis-
tance from the beam-axis, and ∆φ is the relative az-
imuth angle between hits and track projections on the
VTX plane. The abscissa and ordinate axes represent
the residual in s direction and the transverse DCA.
Only clusters with a transverse momentum pT between
1.5GeV/c and 2.0GeV/c in the Fig. 1. Green points
are average values over DCA of a residual bin. A linear
fitting shown with the red line estimates correlation.

The correlation’s strength depends on pT , the arm,
and the VTX layer. The correlations can be used to
correct the DCA value and to improve the DCA res-
olution. The corrected DCA distribution is narrower
than the raw distribution (Fig. 2). The dark and light
blue histograms represent the raw and corrected DCA
distributions, respectively. Fittings with a Gaussian
function to the raw DCA (red) and the corrected DCA
(orange) give DCA resolutions.

Figure 3 shows DCA resolution as a function of pT .
The dark and light blue graphs are the raw and the cor-
rected DCA resolutions in the west arm, respectively,
while the graphs in dark and light red are in the east
arm. The black points mean the nominal DCA reso-
lution in run 20112). By applying all corrections, the
resolution is improved by 15% to 35%.

In 2016, VTX was operated without one strip layer
in the west arm due to a beam accident in 2015. Under
such severe condition, DCA resolution less than 50 µm
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the selection of 1.5 < pT < 2.0 GeV/c.
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was achieved in pT > 2.0 GeV/c while it was about
60 µm in run 20112).

This method may reduce background in the heavy
flavor measurements since it is valid to data from the
other PHENIX runs in principle.
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2006 200 7.5 / 2.7 57

2006 62.4 0.08 / 0.02 48
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2009 200 16 / − 55

2009 500 14 / − 39
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2015 200 − /60 58

2015 pAu@200 − /0.2 61

2015 pAl@200 − /0.5 58
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Double longitudinal asymmetry of η 
production with PHENIX run13 data

there is a slight preference for GRSV-std, with
ðΔχ2ÞGRSV=N:D:F ¼ −0.1=6 or 0.3 sigma.
More recent NLO global analyses of DIS-only data by

Blümlein and Böttcher (BB10) [12] and Ball et al.

(NNPDF) [38,39], and of DISþ SIDIS data by Leader
et al. (LSS10) [11] also allow the gluon polarization to be
fit by the data, but the analyses vary in ways that affect
determination of Δgðx; μ2Þ. The most significant of these
differences is the BB10 assumption of a flavor-symmetric
sea versus the separation of flavor-specific distributions
made possible in LSS10 by the SIDIS data. This affects the
gluon determination not only because of the constraint on
the total polarization, but also because the analyses use
functional forms for the initial pPDFs such as

xΔfiðx; μ2Þ ¼ Nixαið1 − xÞβið1þ γi
ffiffiffi
x

p
þ ηixÞ ð15Þ

and consequentially must relate parameters between the sea
and gluon distributions to enforce positivity (jΔfiðx; μ2Þj ≤
fiðx; μ2Þ) and to fix poorly constrained parameters.
Another issue with making a choice of functional form

for Δgðx; μ2Þ is that, even with inclusion of present ~pþ ~p
data, there are no existing measurements that can test the
validity of the functional form in the low-x region. For
analyses like BB10 and LSS10 that do not include ~pþ ~p
data, this problem extends to determination of Δg in the
medium and large-x regions as well. The NNPDF analysis
of DIS data avoids bias introduced in choosing a functional
form for the PDFs by using neural networks to control
interpolation between different x values. For example,
Δgðx; μ2Þ is parametrized as

Δgðx; μ2Þ ¼ ð1 − xÞmx−nNNΔgðxÞ; ð16Þ

with NNΔgðxÞ a neural network parametrization deter-
mined by scanning functional space for agreement with
1000 randomly distributed replicas of the experimental
data. The low- and high-x terms are included for efficiency,
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FIG. 13 (color online). Points are the combined ALL vs pT for π0 mesons from 2005 through 2009 with the statistical uncertainty. The
pT correlated systematic uncertainty given by the gray bands is the result of combining the year-to-year uncorrelated parts of the
systematic uncertainties on relative luminosity and polarization. The year-to-year correlated parts are given in the legend. Plotted for
comparison are several expectations based on fits to polarized scattering data, with uncertainties where available.
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Several theoretical expectations based on fits to polarized data are
also shown, which use results from [25] for the fragmentation
functions.
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Aη
LL@ s = 200 GeV

ALL ¼
P

abcΔfaðx1; μ2FÞ ⊗ Δfbðx2; μ2FÞ ⊗ Δσaþb→cþXðx1; x2; pc; μ2F; μ
2
R; μ

2
FFÞ ⊗ Dh

cðz; μ2FFÞP
abcfaðx1; μ2FÞ ⊗ fbðx2; μ2FÞ ⊗ σaþb→cþXðx1; x2; pc; μ2F; μ

2
R; μ

2
FFÞ ⊗ Dh

cðz; μ2FFÞ
; ð3Þ

where fa;b (Δfa;b) are the unpolarized (polarized) parton
distribution functions [PDF (pPDF)], phenomenological
functions describing the statistical distribution for partons
a; b (gluons, quarks, or antiquarks) in a proton as a function
of the momentum fraction Bjorken x. Dh

c is the fragmen-
tation function (FF) describing the probability for a parton
c with momentum pc to fragment into a hadron h with
momentum ph and thus with a given z ¼ ph=pc.
Δσaþb→cþX and σaþb→cþX are the polarized and unpolar-
ized partonic cross sections, respectively, and are calculable
in pQCD. Factorization, renormalization and fragmentation
scales μF, μR and μFF are used to separate the perturbative
and nonperturbative parts. The diagram in Fig. 1 summa-
rizes the components of pQCD factorization. The theoreti-
cal calculations discussed in this paper with respect to our
results are performed at NLO in pQCD.
To test the applicability of NLO pQCD to our ALL

results, PHENIX has previously published π0- and η-meson
cross sections [16,17]. These cross sections, along with
others at

ffiffiffi
s

p
¼ 200 GeV for jets [18] and direct photons

[19], are well described by the theory within its uncertain-
ties, based on the method of varying the choice of scales by
a factor of 2. In our previous publication [20], we examined
the impact of this theoretical scale uncertainty with respect
to our Aπ0

LL results, and found that it is important and should
be considered in future global analyses.
A number of different channels can be used to access the

gluon polarization using Eq. (3), including a final state
hadron or jet, as well as rarer probes such as direct photon
and heavy flavor [21]. The latter of these are produced
through fewer processes, which allows for a simple lead-
ing-order interpretation of the results. Jets or low-mass
hadrons such as pions are not as readily interpretable due to
the multiple QCD processes through which they are
produced, but they have significantly higher production
rates. PHENIX results for Aπ0

LL [16,20,22] and results for jet

ALL from the STAR experiment at RHIC [18,23] have ruled
out large values of ΔG but are still consistent with a range
of assumptions, including fixing the polarized PDF for
the gluon, Δgðx; μ2Þ, to zero at an NLO input scale of
μ2 ¼ 0.40 GeV2. The constraining power of these results
has been quantified via inclusion in a global fit of polarized
DIS and semi-inclusive DIS results by de Florian et al.
(DSSV) [9,10], resulting in an integral ΔG½0.05;0.2&

DSSV08 ¼
0.005þ0.129

−0.164 in the Bjorken-x range [0.05,0.2]. As detailed
in [20], the full x range probed by the PHENIX Aπ0

LL
measurements is [0.02,0.3].
The Aη

LL has also been measured [17], but it has not yet
been used in global fits. One reason for this is that existing
eþ þ e− data does not constrain η fragmentation functions
as well as those for the pions [24,25]. However, PHENIX
has released results for the η=π0 cross section ratio in pþ p
collisions [17,26] with systematic uncertainties much
smaller than on either cross section measurement alone.
Future inclusion of this ratio in global fits could be used to
circumvent this issue with the fragmentation functions.
In this paper, we present measurements of ALL in π0- and

η-meson production in longitudinally polarized pþ p
collisions at

ffiffiffi
s

p
¼ 200 GeV, based on data collected in

2009, which approximately doubles the statistics in theffiffiffi
s

p
¼ 200 GeV PHENIX neutral meson ALL data set

[17,20] and extends the measured pT range. Descriptions
of RHIC and the PHENIX experiment are laid out in
Sec. II, followed by a detailed account of the analysis
procedure in Sec. III including discussion of the systematic
uncertainties. Finally, in Secs. IV and V, we show our final
results and discuss them in relation to global analyses of
polarized scattering data.

II. EXPERIMENTAL SETUP

A. Polarized beams at RHIC

RHIC comprises two counterrotating storage rings,
designated blue and yellow, in each of which as many
as 120 polarized proton bunches of 1011 protons or more
can be accelerated to an energy of 255 GeV per proton.
In the 2009 run, RHIC was typically operated with 109
filled bunches in each ring. The rings intersect in six
locations such that the bunches collide with a one-to-one
correspondence. This allows an unambiguous definition of
120 “crossings” per revolution at each experiment, with a
106 ns separation. At PHENIX, there were 107 crossings in
which both bunches were filled and four crossings with
only the bunch in one ring filled to enable study of beam
background.
Outside of the experimental interaction regions, the

stable polarization direction in RHIC is vertical [27].

FIG. 1. Diagram showing the three elements of pQCD factori-
zation: parton distribution functions fa;bðxÞ, partonic cross
sections σaþb→c, and fragmentation functions Dh

cðzÞ.
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Results are presented from data recorded in 2009 by the PHENIX experiment at the Relativistic Heavy
Ion Collider for the double-longitudinal spin asymmetry, ALL, for π0 and η production in

ffiffiffi
s

p
¼ 200 GeV

polarized pþ p collisions. Comparison of the π0 results with different theory expectations based on fits of
other published data showed a preference for small positive values of gluon polarization, ΔG, in the proton
in the probed Bjorken x range. The effect of adding the new 2009 π0 data to a recent global analysis of
polarized scattering data is also shown, resulting in a best fit value ΔG½0.05;0.2$

DSSV ¼ 0.06þ0.11
−0.15 in the range

0.05 < x < 0.2, with the uncertainty at Δχ2 ¼ 9 when considering only statistical experimental
uncertainties. Shifting the PHENIX data points by their systematic uncertainty leads to a variation of
the best-fit value of ΔG½0.05;0.2$

DSSV between 0.02 and 0.12, demonstrating the need for full treatment of the
experimental systematic uncertainties in future global analyses.
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I. INTRODUCTION

The proton has a finite charge radius and can be
described as a collection of fermionic quarks whose
interaction is mediated by bosonic gluons. The proton is
also a spin-1/2 fermion itself, which constrains the total
angular momentum of these constituents and has been
described in several proposed sum rules [1–5]. In the
infinite momentum frame, all possible contributions to
the proton spin can be classified according to the Manohar-
Jaffe sum rule [1],

Sp ¼ 1

2
¼ 1

2
ΔΣþ ΔGþ Lq þ Lg; ð1Þ

which makes explicit the contributions from quark and
gluon spin (ΔΣ and ΔG, respectively) and orbital angular
momentum (Lq and Lg, respectively).
Early experiments discovered that the 1

2ΔΣ term falls far
short of the total [6–8]. Current knowledge from global fits
[9–13] of polarized deep inelastic scattering (DIS) and

semi-inclusive DIS (SIDIS) data [7,8,14,15] puts the
contribution at only 25%–35% of the proton spin,
depending on the assumptions used, including whether
SU(3) symmetry is enforced. This realization provided
the motivation to study the ΔG term by colliding
longitudinally polarized protons at the Relativistic
Heavy Ion Collider (RHIC), including the results pre-
sented here.
Polarized proton collisions at RHIC allow access to

ΔG at leading order (LO) in perturbative quantum
chromodynamics (pQCD), unlike lepton-hadron scatter-
ing experiments that are only sensitive to ΔG via photon-
gluon fusion at next-to-leading order (NLO) in pQCD or
via momentum-transfer-scaling violations of the polarized
structure function g1. RHIC experiments make the con-
nection to ΔG via inclusive double-helicity asymmetries,
ALL, defined by

ALL ¼ Δσ
σ

¼ σþþ − σþ−
σþþ þ σþ−

: ð2Þ

Here, σ (Δσ) is the (polarized) cross section for a given
observable, and “þþ” (“þ−”) signifies ~pþ ~p collisions
with the same (opposite) helicity. Within the framework
of pQCD, ALL can also be “factorized” to make the
parton spin contributions explicit:
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  f  : Parton Distribution Function (PDF)

Δf  : polarized PDF

σa+b→c+X   : cross-section for a+b→c+X 

Δσa+b→c+X : polarized cross-section for a+b→c+X

D   : fragmentation function

PHENIX already published AηLL with 
√s = 200 GeV. My topic is doing 
similarly with run13 data.
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Data, List of runs
Run #segments#events 

in ntuple Run #segments#events 
in ntuple Run #segments#events 

in ntuple

443112 72 1.8E+06 443372 191 1.5E+06 443604 20 1.7E+05

443135 252 1.6E+06 443375 277 2.5E+06 443607 27 2.2E+05

443144 61 4.6E+05 443376 115 8.5E+05 443612 179 1.3E+06

443145 262 2.0E+06 443378 224 1.6E+06 443613 294 2.5E+06

443154 138 1.0E+06 443405 20 1.7E+05 443614 35 3.1E+05

443156 245 1.5E+06 443412 317 1.8E+06 443661 72 5.4E+05

443160 277 2.1E+06 443416 63 4.6E+05 443744 104 8.0E+05

443161 160 1.1E+06 443418 217 1.5E+06 443745 350 2.8E+06

443223 250 1.7E+06 443436 56 4.4E+05 443748 197 1.6E+06

443224 153 8.5E+05 443437 334 2.5E+06 443750 34 2.5E+05

443242 88 7.2E+05 443439 23 1.4E+05 443751 154 1.2E+06

443243 283 2.5E+06 443440 315 1.7E+06 443754 325 2.4E+06

443245 163 1.2E+06 443480 134 1.2E+06 443765 20 1.7E+05

443254 40 1.2E+05 443481 291 2.5E+06 443775 334 1.9E+06

443255 34 1.3E+05 443482 28 1.7E+05 443776 335 2.5E+06

443277 27 2.1E+05 443483 33 1.3E+05 443777 265 1.4E+06

443291 319 2.7E+06 443484 145 7.2E+05 443779 242 1.0E+06

443292 34 2.4E+05 443521 31 2.3E+05 443780 116 3.6E+06

443293 331 2.3E+06 443522 136 1.1E+06

443294 192 1.3E+06 443523 212 1.3E+06

#events in ntuple
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1E+04

1E+05

1E+06

1E+07

Run
443100 443275 443450 443625 443800


