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Abstract

Jet responses are different between Monte Carlo (MC) simulation and data for the D@ experiment.
Such a difference not only changes with the jet kinematics, but also with the flavor of the partons which
initiate the jets. In this note, we describe a method to correct the MC simulation so that it has the same
kinematic and flavor-dependent jet response as that in data. We present the results for D@ Run ITA MC
and data JCCB jets.
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1 Introduction

In a hadron collider, jets are produced from the fragmentation of quarks and gluons generated in hard
scattering processes. At D@, the jets are reconstructed by the so-called ” Run IT Midpoint Cone Algorithm”
with a cone size of R = 0.5 (JCCB) or R = 0.7 (JCCA). This algorithm can be applied both at the stable
particle (particle jets) and the reconstructed calorimeter tower (calorimeter jets) levels. The raw energy
of a calorimeter jet is estimated to be the sum of energies over all towers included in the jet. It is then
corrected on average to the particle level by the jet energy scale (JES) for physics, instrumental and jet
algorithm-dependent effects.

The JES depends on the jet kinematics, e.g., transverse momentum pr and detector pseudo-rapidity
Ndet- 1t also depends on the topological configuration of the jet, e.g., type, energy and angular spectra of
particles constituting the jet. Jets initiated from different flavors of parent partons have different topologies
(see Fig. 1), and jets produced in different processes have different parent parton flavor compositions. This
lead to a sample-dependent (or rather flavor-dependent) JES.
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Figure 1: Number of particles (excluding neutrinos) in particle jets produced by quarks or gluons in Pythia
v+jet MC samples. Left: in log-scale, Right: in linear-scale. The z-axis is the energy of quarks or gluons,
and the y-axis the number of particles (excluding neutrinos) in particle jets.

The standard JES correction at D@ is derived, separately for the MC simulation and data, from samples
enriched in y+jet or di-jets events. It takes into account the kinematic dependence of the JES, but not
the flavor dependence. For analyses which calibrate the data analysis results using the MC simulation, the
flavor dependence is not so important if the MC simulation does a good job in describing the data. It is the
case at CDF which tunes their detector simulation so that it has the same single (charged) pion response as
that measured from the collider and test beam data [1]. It is not the case at D@ which has different single
(charged) pion responses between the MC simulation and data [2].

This sample-dependent MC-data difference in the jet response has been accounted for as systematic
uncertainties in top quark measurements at D@, including

(a) difference in the b and light jet response ratio between the MC and data;

(b) difference in the quark and gluon jet response ratio between the MC and data.

For the DO top quark mass measurement using the matrix element method in the lepton+jets channel, the
contribution to the systematic uncertainty from (a) was estimated to be about 0.8 GeV [3], based on the MC
and data charged pion responses extracted in a Run ITA JES study for high energy extrapolation of the jet
response of the data [2]. Using these MC and data charged pion responses, it was estimated that the ratio
between the b and light jet response in the MC was higher by about 1.8% than that in data [4]. The systematic
uncertainty associated with (a) was then given by the difference between the top quark mass measured from
the default MC and that from a modified MC in which the JES-corrected b jet energy and momentum was
scaled down by 1.8%. The systematic uncertainty due to (b) was estimated to be about 0.6 GeV [3], given
by the difference between the top quark mass measured from the MC with JSSR shifting turned on and that
with shifting turned off. While this is a very rough estimation that is not believed to reflect the truth, it has
been the only officially accepted way used to estimate this systematic uncertainty. The above two together
contribute 1.0 GeV to the systematic uncertainty of the DO top quark mass measurement using the matrix
element method in the lepton—+jets channel. (Note the corresponding number at CDF is 0.2 GeV.)

This note describes a method to correct the MC for the MC-data difference in the jet response. Results
on JCCB jets for Run ITA MC and data are presented. Results on JCCA jets and results for the Run 1B
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MC and data will be presented in separate notes. The note is organized as the following. Section 2 gives
a brief description of the method. Section 3 describes the extraction of MC single particle responses and
the closure test for the extracted MC responses. Section 4 describes the extraction of data single particle
responses and the closure test for the extracted data responses. Section 5 presents the MC-data correction
factor averaged for different flavor of jets. Section 6 presents an estimation for the uncertainty of the MC-
data correction factor. Section 5.1 presents a brief discussion on the influence of this corretion on the JSSR
(Shifting, Smearing and Removing Simulated Jets).

2 The Correction Method

For each calorimeter jet in the MC, we look for a spatially matched particle jet to calculate the correction
factor F'

—_ Zi E; - R;jata (1)
a Ez E; - RzM ¢

where the subscript ¢ runs over the particles in the particle jet, E; are the energies of the particles and R;

the single particle responses in MC or data. This correction factor corrects for the MC-data difference in the
jet response and should be applied to the jet energy after the offset correction [2], i.e.,

F

rTaw raw Zi El i Rldata
(B’ — Eo) - F = (B} — Eo) - Wa (2)

where E75Y is the raw jet energy, Eo the offset correction for noise, pile-up and multiple interactions. The
other JES corrections (response, showering, etc) should be applied on (E7S” — Eo) - F' as usual [2].

Note that Eq. 1 assumes that observed energies are well-approximated by a linear combination of the
energies of the individual particles. We will describe how deviations from this approximation show up in the
MC closure test in section 3 and quantify the resulting systematic uncertainties in section 6.1.

The ingredients needed for F include the matched particle jet with associated particles, the single particle
responses in MC and data. The extraction of MC and data single particle responses are described in section
3 and 4. Particle jets are reconstructed with a cone size of R = 0.5 in the Run II E-scheme using pxcone
package. Except the neutrinos, all the other stable particles v, e, pu*, 7+, K+, K§, KE, pt, n, A, ¥'s
and =’s are included to reconstruct the particle jet. Note that most of the energy in the particle jets are
coming from 7% and 7. The matching between the particle jet and calorimeter jet is based on the angular
separation AR = \/A¢? + An? between the two. We regard the particle jet that has the smallest AR to the
calorimeter jet as the one which makes the calorimeter jet. The maximum allowed value of AR to claim a
particle jet being matched to a calorimeter jet is 0.25 for JCCB jets.

The method developed in this study to extract the data single particle responses follows partially the Run
ITA JES study done for high energy extrapolation of the jet response of the data [2]. In the Run ITA JES
study, reconstruction was re-run each time with the energy deposition by charged pions in the calorimeter in
the MC being varied. By doing this, the MC charged pion response was tuned so that the MC had the same
jet response as that in data. The differences of the approach presented here to the one in the Run ITA JES
study include:

e We use the spatially matched particle jets and MC and data single particle responses, and calculate the
MC-data correction factor on-the-fly, while the Run ITA JES study varied directly the energy deposition
of the charged pions in the calorimeter and re-run the reconstruction;

e We consider the difference in the calorimeter response between the MC and data for all the particles,
while the Run ITA JES study only considered that for the charged pions;

o We study jets with |nget| < 2.5, taking into account the variation of the calorimeter response versus
Ndet, while the Run ITA JES study only considered jets with |nge¢| < 0.4 assuming a flat 74.¢-dependence
of the charged pion response.

Previous studies for the difference in the b and light jet response ratio between the MC and data [4] and
sample-dependent JES [5] also calculated the correction factor for the MC-data difference in the jet response,
using the MC and data single pion responses from the Run ITA JES study as inputs. The differences of the
approach presented here to the previous ones include:
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e We extract the MC single particle responses for v, e*, p*, 7+, K+, K@g, K, pt, n and A from single
particle MC samples in different 74.: region, while the previous studies used the MC single responses
for v, e*, 7%, K* and p* from the Run ITA JES and W-mass analyses which were performed only in
the central calorimeter region. It was assumed that the responses did not change with 74e¢. As shown
in section 3, such an assumption is far away from the truth;

e We extract the data single particle responses in different calorimeter region, while the previous studies
used the data single particle responses extracted in the Run ITA JES study that was performed only
for |nget| < 0.4.

3 Extracting MC Single Particle Responses

The MC single particle responses are measured for v, e, p*, 7%, K+, K@g, K, pt, n and A from Run ITA
single particle MC samples, with all the zero suppression (ZS)!, calorimeter noise and zero bias (ZB) overlay
turned off. For each single particle, the energy of the calorimeter cells contained in the R = 0.5 cone around
the particle are summed over to give the MC single particle response, defined as the measured energy divided
by the MC truth energy. The results are shown in Fig. 22-31. The parameterizations of the fitting functions,
which are found to best describe the MC responses with the minimul number of parameters, are:

E +p? E+p3
RMC = 025-p°. |1+ Erf PV Nt Erf Ll 3)
\/2 P2 \/2p4
E+p! E+p?
RMC = 02590 - |14 Brf | 222 || {14 Brp | 2222 || it pr > 0.3 0f pr < 0.3, (4)
\/2-p§i \/2']931
RMC = (p0+ +p,+ - E) - TMath :: Landau(E, p’+,p)+ ) if pr > 0.3; 0 if pr < 0.3, (5)
RMC = 0. 1—p}l-(E/0.75)pi_1} if pr > 0.3; 0if pr < 0.3, (6)

where h =7, K+, KOS, K, pE, nor A. The fitted results can be found in Fig. 22-31.

As can be seen, the MC single particle responses from the Run ITA JES and W-mass studies only agree
to some extent with the ones of this study. As also can be seen, the MC single particle responses change
versus 7)ge; and thus the assumption made in the previous studies [4, 5] that one can apply the MC and data
single particle responses in the central calorimeter region to the entire calorimeter is invalid.

We check how well the denominator in Eq. 2, )", E; - RZMC, describes the MC raw jet energy after the
offset correction (E]T-gtw —FEo) ko, where ko is the correction for the ZS bias for the offset correction. We refer
to the above check as the MC closure test in the following. We use Eo and ko measured for the standard
JES correction. Note that ko is needed to perform the MC closure test, but not for estimating F' in Eq. 1.

The MC closure test results for jets in y+jet MC samples are shown in Fig. 2-6. Reasonable agreements
shown in these plots increase our confidence to use the particle jets to obtain the MC-data correction factor
by Eq. 1. The goodness of the Ep and ko used here can be verified by comparing the above results with the
MC closure test results for v+jet MC samples produced without ZB overlay. The offset corrections Fo or
ko is not applied to the latter, which are shown in Fig. 32-36. The fact that the two sets of results shown
in Fig. 2-6 and in Fig. 32-36 agree with each other indicates that Fp and ko used here correct properly for
noise, pile-up and multiple interactions, which are simulated in the MC by the ZB overlay.

We also note that the ratio between (E75" — Eo) - ko and ), E; - RMC is not perfectly at one. We
consider this residual of the closure test as a systematic uncertainty for the MC-data correction factor F, as
described in section 6.1.

4 Extracting Data Single Particle Responses

The extraction of data single particle responses follow partially the Run ITA JES study for high energy
extrapolation [2]. Briefly speaking, what was done in [2] and we are doing here is to tune the MC jet
responses by tuning the underlying MC single particle responses so that the MC jet response agrees with

I Hereafter we refer zero suppression to both online readout and offline reconstruction thresholds as well as the T42 algorithm.
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that in data, and one can use the corresponding tuned MC single particle responses as the data single particle
responses.

We make the assumption that MC does a good job in simulating the EM component of the calorimeter,
as well as the muon interaction within the detector. Therefore the MC has the same photon, electron and
muon responses as those in data:

data  __ MC

Riete = RMC (8)
R = RMC, )
Rg = RIS (10)

Note that the same assumption was made not only for photon, electron and muon but also for all the particles
except the charged pions in the Run ITA JES study [2]. In section 6.2, we estimate the uncertainty on the
correction factor F' due to this assumption.

For the hadrons, we introduce three additional parameters A, B and C into Eq. 6 to parametrize the
difference between MC and data:

Riate — ¢ p0 . |1 — A-ph - (E/0.75)PiTB=1] if pp > 0.3; 0 if pr < 0.3, (11)

where Rﬁat“ = R,IL”C when A = C =1 and B = 0. Thus the correction factor F' defined in Eq. 1 depends on
A, B and C through Eq. 11.

The tuning of the MC jet responses is made by changing A, B and C in Eq. 11 which enters into Eq. 2.
We select MC and data events with one CC photon and one jet back-to-back. The MC samples used here are
Pythia y+jet and di-jets events, which are combined according to their cross sections. The data sample used
here is the Run ITA EMinclusive skim. Details of the object reconstruction and event selection can be found
in [2]. For each selected event in MC and data, we calculate the ratio between the transverse momentum of
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Figure 2: MC closure test for jets in p17 y+jet MC sample for |nﬁ£i| < 0.4. The single particle MC responses

are derived with ZS turned off. The z-axis E’ is given by pJ. - cosh(n’®!).

ety LML =TS go237 | 1 8 Mg T ' 3
35000~ ot Mean 0993 | 3 & 13fF 0.4<pn®y<0.8 3
“Gioooo-0-4<INF1<0.8 RMS 01532 | 4 & F fet E
B5000E- X2/ ndf 94.26 / 25 1 gt 12 E
-% E Constant 8037 + 148.2 E w ok E
0000E Mean 0.9893 + 0.0021 E ° E
3 E : E = E —_— >
E Sigma ] +0, E = 0B o= Y - 4 4
25000 g 011620008 | (5 108 00000 3
20000F- 3 2, oo E
15000~ - [TTj E =
E E ~ 08 ]
10000F- 3 E 3
5000 - A 3 07E =
- il BT B =, PP R 06E . ] . E

04 06 08 10 12 14 16 8. 0120 102
Eet Folko/Eoa E [GeV]

Figure 3: MC closure test for jets in pl7 y+jet MC sample for 0.4 < |77£i| < 0.8. The single particle MC
responses are derived with ZS turned off. The z-axis E’ is given by pJ. - cosh(n’®!).



1

2

the photon p7. and the transverse momentum of the jet pgpe t,corrected

after the offset correction and the correction in Eq. 1 for MC:
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We tune the parameters A, B and C so that the ratio pJ; tcow /p7 from MC is consistent to that from data.

The tuning of MC to data is done as the following. We fill a profile histogram of p
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E' = pJ./cosh(n?¢") for data. For MC we scan over A, B and C. At each set of A, B and C values, we fill
a profile histogram as above, then fit the histogram to a 3rd order polynomial function and calculate a x?
value using the fitted polynomial function and the data points. We look for the place where this x? is the
smallest. Note that this is the same approach as the Run ITA JES study.

The tuning is performed simultaneously for two different event selections: tight photon selection in which
we apply tight photon isolation cuts to select y+jet events, and apply the same photon selection cuts except
a reversed track isolation requirement and select mainly di-jets events. The two selections have different
compositions of quark and gluon jets, as shown in Fig. 7. The simultaneous tuning in the two event selections
are shown in Fig. 8-9. The uncertainties on the parameters A, B and C are propagated to the MC-data
correction factor F' defined in Eq. 1, as described in section 6.3.

We perform a closure test for the above MC tuning procedure. The results are shown in Fig. 10-17. As
can be seen, the jet responses from the corrected MC are consistent with those in data, for both tight photon
and reversed photon selections which have different jet flavor composition.
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Figure 7: Fraction of gluon jets in the combined y+jet and di-jets MC sample passed tight or reversed photon
selection.
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5 MC-Data Correction Factor

Using the results obtained in section 3 and 4, we can calculate the MC-data correction factor F' defined in
Eq. 1. To visualize how large the correction is, we calculate F' for different flavors of jets in the v+jets sample.
The results can be seen in Fig. 18. The top row shows the correction factor F' for different flavors of jets.
The 2nd-4th rows show the ratio between F' for different flavors of jets and the averaged F' for the jets in the
~v+jets sample. The ratios presented in the 2nd-4th rows can be used to correct for the MC-data difference in
the jet response for different flavors of jets on average, while at the same time preserves the standard MC JES
correction. In order to use these ratios to correct for the MC-data difference for reconstructed calorimeter
jets in MC, one needs to determine the flavors of the partons which initiate the jets. One then multiply the
JES-corrected jet energy and momentum by the ratios presented in the 2nd-4th rows in Fig. 18. Jets for
which one can not find the original parton are most likely coming from ZB overlay and there is no need to
apply the above correction for the MC-data difference.

Ultimately one can also use the MC-data correction factor F for each jet. But doing so requires to re-
derive the standard JES correction for the y+jet MC samples corrected for the MC-data difference. This
option will be studied in the future.

5.1 Possible Effects on the JSSR

The JSSR [7] is designed to correct for the difference between the MC and data in the jet energy resolution,
and the residual jet energy scale effects that are not completely corrected by the standard JES. It has been
extracted by comparing y+jet data and MC, or Z+jet data and MC in terms of the banlance of the transverse
momentum of the bosons and jets. After applying the correction for the MC-data difference described in
this note, the JSSR needs to be re-examined. From the results presented in [8], we expect that the shifting
correction will be largely reduced.

6 Uncertainties

6.1 Residual of the MC Closure Test

As shown in section 3, there are residuals in the MC closure test for the MC single particle responses. The
effect on the MC-data correction factor F' is studied as the following. Instead of using the MC single particle
responses extracted from the single particle MC samples produced with ZS turned off, we use the MC single
particle responses from the single particle MC samples produced with ZS turned on. These MC single particle
responses with ZS turned on are shown in Fig. 37-46. The corresponding MC closure test results are shown
in Fig. 47-51. From these closure test results it is clear that the MC single particle responses with ZS turned
on are very different from the ones with ZS turned off. The residuals for the former is much larger than the
ones for the latter.

Nevertheless, we obtain very similar MC-data correction factor F using these MC single particle responses
with ZS turned on, as shown in Fig. 19. The difference between the results shown in Fig. 18 and the ones in
Fig. 19 is assigned as a systematic uncertainty due to the residual seen in the MC closure.

6.2 Electron and Photon Responses in Data

As described in section 4, we assume that the MC simulation has the same electron, photon and muon
responses as the ones in data. According to [6], the electron energy scale uncertainty is 0.3% by comparing the
extracted Z mass in the two electron final state between the data and MC. Since electrons lose more energy
in dead material than photons, the electron energy scale corrections effectively ”overcorrect” the photon
energies, so another 0.5% photon-to-electron energy scale uncertainty is also taken into account according
to [2]. We use the quadrature of the above two uncertainties as the photon energy scale uncertainty, 0.58%.
We repeat the extraction of the single particle data responses as described in section 4 but with:

RI™* = (1£0.0058)- R, (14)
Rite = (140.003)  RMC, (15)

The obtained MC-data correction factor F are shown in Fig. 20. The change in the estimated MC-data
correction factor F' is assigned as a systematic uncertainty.
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6.3 Data Single Hadron Responses

The uncertainties on the parameters A, B and C shown in Fig. 8-9 are propagated to the MC-data correction

factor F.

6.4 Combined Systematic Uncertainty

The total systematic uncertainty is given by the quadrature sum of the above three contributions. The results
for the ratios between F for different flavors of jets and the averaged F for the y+jets sample are shown in

Fig. 21.
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Figure 18: MC-data correction factor F' estimated for jets with different flavors in y+jet MC samples. The
MC single particle responses used here are extracted from the single particle MC samples with ZS turned off.
Top: the correction factor F for light flavor quark jets (blue), gluon jets (green), b quark jets (red) and the
averaged F' for the y—+jets sample (black). The 2nd-4th rows show the ratio between F' for different flavors
of jets and the averaged F for the v+jets sample.
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. 7 Conclusion

> We present a method to correct for the MC-data difference in the jet response at D@ so that the corrected MC
3 has the same kinematic and flavor-dependent jet response as that in the data. The method use the spatially
+ matched particle jet, MC and data single particle responses.to obtain the MC-data correction factor. The MC
s single particle responses are extracted from single particle MC samples. The data single particle responses
¢ are extracted by tuning MC jet responses through underlying single particle responses so that they match
7 the data jet response. Results for Run ITA MC and data JCCB jets are presented, including flavor-dependent
s MC-data correction factors that preserve the standard JES for the MC.
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Figure 19: Same as Fig. 18 but the MC single particle responses used here are extracted from the single
particle MC samples with ZS turned on.

15



10

Acknowledgments

We thank Dmitri Bandurin, Leo Bellantoni, Dan Boline, Fabrice Couderc, Frederic Deliot, Georgy Golo-
vanov, Gaston Gutierrez, Shabnam Jabeen, Alexandr Kupco, Amnon Harel, Yvonne Peters, Peter Renkel,
Viatcheslav Sharyy, Jan Stark, Peter Svoisky and many others for their valuable suggestions and help.

References

[1] A. Bhatti et al., Determination of the Jet Energy Scale at the Collider Detector at Fermilab, Nucl. In-
strum. Meth. A 566 (2006) 375.

[2] Jet Energy Scale Determination at D@ Run II, DO note 5382.

[3] Z. Ye et al., Measurement of the Top Quark Mass in the Lepton+Jets Channel Using the Matrix Element
Method on 3.6 fb~! D@ Run II Data, D@ note 5877.

QL T T T T T T T Q T T T T T T ol T T T T T T ol T T T T T T T ol T T T T T T T
nf @ y+udsc ’_.f @y+udsc f @y+udsc 15 @ y+udsc ZE @y+udsc
& 1o y+gluon % o5} y+gluon & rosf y+gluon % 1osf y+gluon % rosf y+gluon
= CcClLiln, <04 oy+h I cc2: 0.4<n  |<0.8 oy+b & 1CD: 0.8<ln |<1.6 oy+h I~ EC:16<h |25 OV < Overall:|_|<2.5 ®V*D
e et +jet et Het et
! 1oof oy E I 100f oy Y 1o0f oy Y 100 oy I 100f oy
0.90}9%% 0 E 090 3 0.90F ) E
”.-0 o -..0
b oo
o.8sf B o.ssk E 0858 E
o
0.80F - 0.80F 1 080 1 0.80] -1
PR A T T T O T TP | PR 4 PO T U P PO TP | PR PO T I P PO PO | [ T U U P P P
20 40 60 80 100 120 140 20 40 60 80 100 120 140 20 40 60 80 100 120 140 20 40 60 80 100 120 140
t
e et et
Py [Gev] * [Gev] Py [GeV] Pl [GeV]
3 LloprrrrrTerreee T T 3 1 LA AR R | 3 1 LA RS AR | s L LA RS AR | 3 L L AR |
T ¥2Indf=6.93 / 23 i x?/m.ﬁ 265123 T lenm 708123 £ 1-4.06/ 23 T
w P0=9.996e-0149.190e-04 w =1.0006+00+8.620e-04 w 0=9.996e-0141 581e-03 w 06e+00:1.678¢-03 w PO=1.001e+00+7.745¢-04
o~ L.o8f 18e-05+3.897¢-05 1 o~ 1.08| pl =5.311e-05+3.819¢-05 1 o~ 1.08f pl =2.621e-04+6.241e-05 1 o 108 p1 =7.971e-05+7.688e-05 o~ 108 46e-04+3.027e-05. 1
3 p2=-1.235e-07+3.297e-07 < p2=-3.985e-08+3.397e-07 < p2=-9.209e-07+5.021e-07 g p2=-4.090e-08+7.376e-07 £ p2=-4.501e-07+2.447e-07
i i i ™ i
1.06f B 106f B 1.06f B 1.06f 4
1.04F 4 104fF 3 1.04f 4 1.04F 4
102f E 102f E 1.02% 102fF 4
1_00% 1.00 w 1.00 1oow
o098l E 09sf B 098l B o098 E
0.96p 096 0.96 0.96
[P T T PN PN | [P TP T PN T | [P T TN P T T | [P T TR P T |
20 40 60 80 100 12‘0 140 20 40 60 80 100 120 140 20 40 60 80 100 12[0 140 20 40 60 80 100 12‘0 140 20 40 60 80 100 12‘0 140
et et et Jet
Pl [GeV] " [Gev] Py [Gev] p; [Gev] Py [Gev]
3 LRAAARAM AALS RARE LARE AR g LR AAAR RARE ML RARS A 8 T 3 LAALAAALRARE MRS RARE AR 3 T
L o104 E L o104 B L 104 E L o104 E o104 E
[3 [3 w v w
S 109 B S 102 E 3 102 E S 102 B 2 102 B
1 Poa]
1.00| 1 1 1 1.
ity ARSI '[ T'I”n ||| Il' u- s
.v- g AV 1u AT toC c,-uuul--l! ” }‘,,;1: ' g :.u
o.9e8p™ o9 0.98f 11]’. 1‘ 'Jlln 0.98 0.98f P
. 'ﬁr,.n,,w 1 ”. e
o "
E E L 3 oo ] 3 L 1
0.9} 09| 06F ool 096 0.6
0.04fF 3 0.04fF ] 004fg” E 094f E 0904f p
0.92F - 092 | 0.92 | 092 B 0.92 -
P ST T TN T T TP PP ST T T T TN TP P T T T T T T P ST T T T T S T T T T T |
20 40 60 80 100 12‘0 140 20 40 60 80 100 12‘0 140 20 40 60 80 100 120 140 20 40 60 80 100 120 140 20 40 60 80 100 ]ZKO 140
e e et ot
. [GeV] [ ( [G V1 P [GeV] . [GeV]
3 LAAAERALR L) RARE MARE AR g LARRRRAAE AR MALE RARS RARY g LAARERARLRARE LA RARS RAE g LRAARBAALRARS MARE RARE MRS 5 LAARRRARL LAY LA RARE LA
% LOAF xiindf=36.67/ 24 %, LO4Fxindi=10.14/ 24 1 %, 104 xiindi=65.57/ 24 E %, L04Fxindi=189.40/ 24 1 %, LO4F xiindi=30.90/ 24
= P0=9.695€-01+1.450e-03 = p0=9.710e-0141.635¢-03 = P0=9.494e-0142.969¢-03 = p0=9.697e-0143.725¢-03 = P0=0.677€-01+1.391e-03
W o2 p1=2.446e-04+2.082e-05 W 4 02f p1=2.063e-04+2.408e-05 3 L o2 p1=4.139e-04+3.853¢-05 4 W 02 p1=2.539e-04+5.681e-05 W 02F p1=2.539e-04+1.855¢-05
1.00 1.00 1.00 1.00
0.98] 0.98] 0.98 0.98]
0.96) 0.96 0.96 0.96]
0.4 0.94] B 094f B 094
0.92] 092 E 092 E 092
0. 1 1 1 1 1 1 1 o. 1 1 1 1 1 1 1 0. 1 1 1 1 1 1 1 1 1 1 1 1 1 1

20

40

60

80 100 12‘0 140
p* [Ge

80 100 12‘0 140
i
P [GeV]

80 100 120 140
P (G

eV]

80 100 120 140
P [Gev]

80 100 120 140
e
P

[GeV]

Figure 20: Same as Fig. 18 but we use the photon and electron responses in data given in Eq. 14 and 15.

16



[4] A. Harel, An estimate of the data over MC, b over light jet response uncertainty for Run ITA JES,
D@ note 5654.

[5] D. Boline, Sample Dependent Correction to the Jet Energy Scale, DO note 5572.
[6] X. Bu et al., DO Note 5846.
[7] N. Makovec and J. Grivaz, Shifting, Smearing and Removing Simulated Jets, DO note 4914.

[8] C. Orchando and J. Grivaz, SSR for quarks and gluons, talk given in the D@ JES meeting on May 15,
2008.

17



‘ordures

s19(4L o1y 10] 7 poSeioar oY) pur s10[ JO SIOAR] JUSISPIP I0J ] UsMID(] SOIYel o1} AQ USAIS oIe Ay, VI
unyy 10y sjol Jo s10AR[ JUSISPIP I0J osuodsal jol oY) Ul 9OUSISPIP BIBP-D)JA I0] I030B] UOIPIDII0)) :Tg 9INSI

8T

CC2:0.4<n__[<0.8 f ICD: 0.8<|n _[<1.6

EC: 1.6<|ndet|<2.5 Overall: |ndet|<2.5 E

Lt

i

DO RunllA

- — Correction Sys.Breakdown -

;o MC Tuning E
.Statlstlcal lv/e Energy Scale]

B Systematic 10 Residual

0.03

1E-

0.02

0.0

FOFYIeg

0.00

o
o
2

&

-0.02]

-0.03|

-0.0.

-0.0

lTlllllllllllllllllllllll

-0.0

i
1 0.03

ytjet

0.02
L 0.0

~
m
LL 0.00

-0.0Y

YW

-0.02
-0.03
-0.04]

-0.05|

-0.06

[ IPPETE IPEPET EPEPET EPUEP BPEEP I 3 BPEPEPS PP BPEPETE APRPI IPEPEP I 2 EPUPETIN SPUEPI EPEPET BPEEP BPEPEPN 3 BPUPEPE BPEPIT APRPETE BPPE BPEPE B
20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120

™ [GeV] p* [GeV] p™ [GeV] p™ [Gev] P [GeV]




61

*$o[0I10 yoe[q Ul syurod DA 90U} O} 3 B SI SUI[ Pl O], ‘SOIPIIS

ssewr A\ VI uny woj asuodser uojoyd o[3urs a1y 03 spuodsa1iod oul] paysep yoe[q oY, "AR[IOAO {7 10 JSIOU

g dmS31y

Iojowinioed ‘Q7 Jnoyjmm peonpoid ‘erdures HIN L o[durs ) 1d wogy asuodser uojoyd o[3uls HIN

o T T T T T T TR o o 7o T ™ o TR

1 det po 2ss0sooises - det po as0 002002 det 50 det o aesos o022 det w0 10sse0ns 002105 det w0 eszreootens |- det w1553 002051
S 'F0.0<n|"<0.3 soz7x 1607 £ 0.1<[n|" <0.2 [ 2+ 129 0.2<|r]| <0.3 |m 0,3<|r1| <0.4 |m 46720 £0.4<n|™ <0.5 | 53208100 0.5<|r]| <0.6 |» w3sx3871t0.6<|n|" <0.7  |n 6379+ 1104
2 2 1827 202 B2 weessim 5 % 123 i7e et 7 A 2 175t 0208
a1fF o4725 05007 508 05404 .
o 1744+ 01355 10362 0.1618 8
x -6938+ 0.02014 -1949+ 0.022

10

0.8]

05

0.4]

02

0.0 1 ol L ul ] ul ul. = ul n L ul ul n ul n
3 X I ndt 40.15/ 10 X° | ndt 2981/19 X | ndt 35.76/19 X:  nat 50.71/19 X | ndt 1045/19 T 1 nar 19.64 /19 bl X: | nat 2513119

14F, det o 4795+ 001966 |- det o 644 + 0.02071 | det B0 51792 002150 det PO 4043002326 |- det o 3605 2 0.02668 det 00 376200425 |- det o 2461+ 0.03605
5™F0.7<n| <o g 12: 270 £0.8<|n|"*'<0.9 [ Ti0ize 15 F0.9<|n|*<1.0 [n w2 F1.0<|n| <11 [p Cseois F1.1<n|*'<1.2 o s F1.2<n| <13 |o saieaom F1.3<n|*<1.4 3612+ 616
2 72 3662+ 5635 e 276s34m % comsonm o 403:029% R smresess 52 272
@ 1032+ 08525
& 2845+ 0.2361

3601+ 007668

. o oL " o ol ol "
@ o bt s EE e % s D ot SR B Ve g et oty
14 det p0 58002031 [ det O 11650042 0004037 [ det P 21414042 0005852 o det 0 1770408 10005054 [ det 0 49541 0006216 [ det PO 4630+ 0008107 |- det PO 1930+ 0006523
5 'Fl.4<|n|"<1.9n ssar=017es [ 1.5<[n|" <1.6 |w 26200 [ 1.6<|n|" <17 |e a0 F1.7<I0]" <1.8 |m 1.8<|n|" <1.9 [» asesaes | 1.9<[0["<2.0 for smsros2s F2.0<||T<2.1 [ s7wazosoos
2 p2 37492 0,230 w v w555 5360 » w 00 20 2 100£56 52 100+ 215
a1of B 2657200475 - w E v tose 102 o » s | w 16207576 o o3 20192 1221 [ P 1653:09093
& pa 1002 2093 " ,,‘ p ot 556+ 03272 ps ae76:0263
B5__-4629% 0008107 1629+ 0.006523
10
08
0.6
04
0.2]
0.0, ul. ul. L ul, ul
2 i 3 r e S Sn: + o ot b it
1af o 4ses 0009562 PO 14432 0.006044 0 12000042 0005008 o aw7so0me o 1230+ 0006337 |- W 7esssoosis o o somses
SHF2.1<n|®<2.45 Se1s 2570 d"‘<23 Y iriaes 23<|n|"e‘<24 n dEt<25 f ! 25<|n|"e‘<26 0o SR F2 6<pn®<2.7 [X Sresos £2.7<|n|*<2.8 %
o P2 9021 6.344 2 2 1002 04301 0 b2 100+ 2.089 2 100+ 05813 2
D12 p3 20.05+ 1.729 » 1853+ 1053
k33 1 s oars o 47622 02109
x -4587 + 0009982 o5 1.20¢+04 + 0.005008
10
0.8]
06
0.4]
02
0.0 L ul. ul. ul.
@ ; o o e sty T R e
14F et 1609+ 0005385 | det 0 sas2: 000658 det 0 1183+ 0008582 |- det 0 se1: 0007313
3 ol e L P
T | S A | RNV P 3a<p™<32 |2 s
s F 100: 07701 | b2 1005 05384 2 P 2 1005 1788
012 p3 3182 0.5649 p3 6332+ 0.4533 3 8117+ 0.8113 p3 9.216+ 0.4875
i3 pa 18242 0,103 w270 P aicie01638 P 302310163 .
10F ps___ 1513+ 0005385 ps 5771+ 0007313 (@) p17 s|ng|e photon
S R TS
04|
0.6} .
= Fit
0.4f
02|
= ' Default Param.
OO e ol ol M ol ! R P ol ol ol ol £ il
10* 10* 102 : 10 107 ? 10 10%
10 E, PGeV) 1 10 £%ev) 1 10 1 10 £%Gev)

PO pouang, uoissaaddng oasz YlIAA poonpord sord

-ureS OJIN 21213 1edq 3[31118 woIqd SQSHOCISQH I[aryredq SIgUIS OIN V °



02

*so[0I10 yoe[q ur syutod DA 90U} O} 3 B SI SUI[ POl O], ‘SOIPIIS

SSeW A\ VT UNY WoIj osuodsor U0I309]d 91SuIs o1} 03 Spuodsaliod auIl paysep o] 1], ‘AB[I0A0 7, IO JSIOU

€¢ oMty

Iojgowtio[ed ‘g7, moypm peonpoid ‘ordures DN L2 ofsuts 2 1d woyy osuodsor UOI[E O[SUIS DN

g . T T T T T T — T y T y T y T T
o,.F det_ - {0 osssss oootses [ et 0 oswssacoues |- det o o acouns |- et %0 08410 0001084 [ et b0 osore ooteat - det s 0sas0s ooorrei - et %0 08371s 0001796
5HF0.0<n|"'<0.4n  “vmisons F0.1<|n*<0.2 |0 Tnies F0.2<n*'<0.3 [ oo F0.3<|n|"<0.4 [ “iessoosa F0.4<|n|*<0.5 [ “Dwwrow F0.5<|n*'<0.6 |» 7o0x066 £0.6<|n|""<0.7 bt seasoress
2 w2 5632 01677 % % v Tomoi0sa b 37sasolsz b2 seeos b2 irsseors
21F b astesoosn % ocims |- % demeoos | % loees % 257so0mr | Bo  070i2s ooros | % o7600: 00irra

e pi 2263008+ 002008 b azmses:ommo e bt 13eostist pi teos:ooss Bt oas10: oo b 063 oosses
10 L

0.0 - 1 = + - L ul. i + - ul. ul. 21 + ol ul. ul o1 + - n Tl ul. ul. o ol ul. ul 2]
2 T nd 1351711 T - I ndt 203171 Y X /ot 2625711 T % Inar 3423711 T X 31711 T X vt STo5711 o % Inat 3102711

14f, det p0 093292 0001907 |- det o 093532 0001814 [ det po 09293+ 0.001081 [ det PO 0.9202: 0002267 = det b0 091992 0002729 |- det PO 08828+0006718 |- det PO 0.6963: 0004765
s 0_7<|q| <0.8n osaaxooriz1 | 0.8<|N|" <0.9 |;  ossaooisss F0.9<|n|T <1.0  |pr -0saoxo0mea F1.0<|n|T <1.1 e 26720089 F 1.1<IN|" <1.2 |, saex1213 P 1.2<|]" <1.3  [mt ssosx1o7f 1.3<|n| <1.4 |pt  -iois:oorsse
2 p2 0334002259 P2 030752 0.01871 P2 03282 002583 2 1761200069 p2 38492 10 2 6.2 4204 P2 067792 01541
Q12 p3 5671 07201 | ps 4964206637 [ P 4563206213 p3 097882 001518 [~ ps 16262006693 | s -09578x 003202 | 5 16142 4208
2 P 1293 08667 pa 14412 091 bt 16+ 09245 ps 028872 001846 ps 1207301088 p4__03037: 003705 9 27315 3915

10f - - =+ 4

08 o o

06f - -

0af L L

02 o o

00) " N " N " f 4 4 N " | h o n

@ W Fo Tt e Tt sy it 2 e e O AT T
14 det B0 08617+ 0001678 [ det B0 0.96062 0.000407 | det 50 E det 20 oorses oooonn |- det B0 g2+ 0000358 [ det w0 ossarsoosen - det w0 0z oo

5 'Fl.4<|n|"<1.9n 2165e 260 [ 1.5<|N|" <16 [pr  12se=000mrs F1E<|N|T <17 |ex 1.7<n|"'<1.8 |= ssecooo [ 1.8<N|" <19 [pt asss00301 F1.9<IN]T <2.0 |m w100 [ 2.0<[0|T <21 |m 0321280

a 2 47932 3153 B2 065762003256 w2 6 » P2 10992005968 v 5120 109 ” 50152110

Q12 p3 1507200714 |- pi 197se1om2 | P -Latas 002966 | w” F ps =115 v Lo 00as | w aesomme

& pa 09238+ 00716 pi___ 221501458 b4 __ 07820+ 004089 5 b4 3387209657 b ommsoomu o L11: Qosaoe
10

) 2l - ul - ul ol ul ol " - ul. vl l l. ol ul. ul |

Mty sl it ol ot T - st + t e

09614 00005649 |- det 0 ossasommny |- det w0 ostses oo |- det %0 09609 0000502 [- det w  osmszoomsn b det 0963 00002622 |- det o  asersacomn
w11 F2.2<|n|*<2.3 | e F2.3<n™<2.4  |% i F2.4<n|*<2.5 [ " “wsirim F2 5<n<2.6 |n 2.6<n™<2.7 [M “Taltoes F2.7<n|"'<2.8 |n  emion

35354 1150 % s 1350 % patigrest o sodse i % 07588+ 002757 @ oxmsoame
162+ 03ams |- % ameemm b % amesoons | % s 00ssed [ % L j iyt A "
1061 00560 om0 L15e 00871 ammts ot

00|

@ 3
1af det_o 40

5 'F2.1<In|"'<2.4n

2 I

PR o p3

& 2t
10

0.0 aaal 1 1 i 1 i ul ul o ol
2 i il X" 1 ndf 786 /11 al X2 1 nar 1 al X fnar 6349711 bl X2/ ndr 556.2/11
c1aF et 0 09593+ 00004008 |~ det 0 09565:0000355 [ det p0 095222 00004306 [ det P 0951820000345
5'F2.8<n| <21 woeeses | 2.9<n|*<3.0 & e 3.0<NT <31 [5 Pt S R | R I
2k w2 70272 5826 [ " wss12m | w2 so0ss 127 | @ oesso02e
o p3 -0.9816+ 0.01444 b2 0977+ 0.01411 ) 1012002412 02 462422718
@ b4 0.3311¢ 0.02364 P 02973 001792 P 03276 4 003372 54 2465+ 193

10"

10"

10*

O p17 single e* MC
= Fit

' Default Param.



1¢

"SO[OIID

spe[q ur syutod DA 9U) 0% 31 B SI 9UI[ POl oY, "() 0F SPuodsolIod oul] PIYsep }ov[( Y], AR[IDA0 {7 IO ISIOU

Iogowtiofed ‘g7, moypm peonpoid ‘ordures HN 17 o[Suts ,1d woiy osuodsor uoIpdo[o 9[SuIs HN

g 9m31 g

2 al N Bl 30797112 T T YT 4299112 T T TR T al L T T e 3929112 T T ToTnr S5 12 T T YT T036112
< 14| det »0 46090404 + 12446404 [ det PO 4327406+ 1638405 det P 14164072 5188405 fm det PO 55394072 40176407 fm det PO -5.006e+08:+ 3.526e408 fpm det PO 16654092 5363408 fm det PO 3986409+ 9674408
S E0.0<IN| T <O.1]p razmecssszossens fO.1<IN]TT <02 [ 5 vosseorasssecs f 0.2<[N]T <03 [ saveorerinens 0.3<IN|T <04 o rzsessesoseor f0.4<[| T <0.5 0.5<n| 7<0.6 |5 ssiecos: roueros f 0.6<[N| <O.7 o nsecon 1osecs
-3 " 02653+ 001304 b oz s oorses ; 02555+ 001528 ez ooier v ocirs ootoie % Cosisssooomiis
&12 23 0004794 + 0.0006437 = 03 o p3___00002693+ 4.387e:06 = 03 000014 + 5075e.05 = p3___ 4769205+ 1679e05 I~ p3__2501e-05+ 402706 I= p3__ 1578e-0511915e-06
1.0] - - -
0.8 -+ -+ -+ =+ -+ -+ -
0.6] =+ =+ =+ =+ -+ -+ B
0.4} -+ -+ -+ =+ -+ -+ e
0.2] -+ -+ -+ + + + -
00 — — — — — — —
24 det o romessrores o det A — ) ) det Yo astsenos azoors b det Yo strenios 7s0eecs [ det o zsneios eavsens o det o soweios sistots [ det o sismiosAtmnts
S E0.7<In| <0.8|n  sseorazece f OB <09 |5 worerozsssies f 0.9 <10 [ sessennos romenos f LOSINT <LL o sessenos zoseos f LIS <12 [ sesenos soseos f L2<IN]T <13 [5n armsensossraseno f L3N <14 [ 5 oisernos sszseno
2 v 008652 20007276 b2 ol016 0007107 b2 016392001599 % ozs0esoomr 52 ‘02703 £ 00155 b2 o2mso0um b2 otess 00
&]2 23 L149e05+ 1431007 I p3 6569061 6.166e:08 1= p3___5.801e062 5.948e:08 I~ p3___59040-061 7.077¢-08 I~ p3___7.9380-0619.393¢-08 I~ p3___5707e-061 167406 I~ p3___6.018e-0612.4346-06
1.0] -1 -1 -
0.8] -+ -+ -+ + + + -
0.6 -+ -+ -+ -+ -+ -+ -1
0.4} -+ -+ -+ =+ -+ -+ e
0.2] -+ -+ -+ + -+ -+ -
00 — — — — — — —
2 X2 /nat 3492112 X nar 2674112 G 094 /12 X ar 1897112 X2 I 3221112 X2 nar 2679712 Xt nar 2912112
214 det PO 5673e410% 21960410 . det PO -59241023074e410 det PO 6718er102 26716408 det PO 936264102 333410 . det PO -140%e+1is 5.441es09 fem det P 2118e+11z 96716410 e, det PO 21594112 6744410
SMELA<™'<15[r  tnioiiien FLE<IN™'<1.6 |5 cmennearns f LBIN'<LT [0 Semennc s FL.7<IN|"'<1.8 [0 Treiniomen F1.8<IN|"'<1.9 [0 Moenemen | 1.9<I[*'<2.0 |1 oo amen f2.0<n[<2.1 |5 et
S12 3 5685006+ 1090006 |~ 3 5813006- 1500006 I~ 3 5756006+ 1087e07 I~ 3 as53006: T8s6eor o o P 2870z ess2e0r - 3 2732¢06+4267007
1.0| - - -
0.8| 3 3 4
0.6] —+ + + + + + 4
0.4f -+ -+ -+ =+ -+ -+ -
0.2) -+ -+ -+ =+ -+ -+ -
0.0] — — — — — — — — — — — — — —"
2 S FoRYE) far Py yar B yara %53 12 yara 363112 e T o1 I S22 7 112
214 det PO -3.17e+11: 2.485e+11 |, det PO 4258e+11: 17260410 = det PO -4.466e+11: 15650410 =, det PO -2617e+11t 6353410 | det PO -3976e+1l: 2812e411 = det PO 39830411+ 345511 e, det 0
512 1<in|"<2.2|% siaenss et | 2.2<|"'<2.3 |1 e F2.3<N|"<2.4 |7 e v f 2.4<|%<2.5 |0 T f2.5<|"<2.6 |5 i tmenf 2.6<n"<2.7 |n il ieenf2.7<n®'<2.8 |5
2 b2 01874+ 002964 w2 23+ 002728 w2 02315+ 0.02847 2 05705 < 001602 0 206 2002566 2 4018+ 002616 P2
217 3 2.38e:06 £ 9.325e.07 |- p3__219706:374308 = p3 21380062 3351008 = b3 272306+ 330e07 b p3 2260006+ oateor = p3__ 2312006 100306 [ 5]
1.0] -1 -1 -
0.8
0.6] —+ + + +
0.4 T T T T
0.2) + 5+ 5+ +
0.0} — | — — "
% dot X2 2973/12 2802112 Xt 2414712
1.4 ef 40694112 3.33%+11 416der11s 210011 [ det D -4353e+11s 16548410
2 o
§F2.8<nl <2 fr sirnmnf 3432 |1 EILED
2 % oassss ouzsne | % oo | o osursoomms | % owesonsu
& £ 2:3180.06 2 9.4936-07 p3__ 2324606991307 D3 2332606+ 5876607 p3__ 23046062 4112608
H +
10| + 3 3 E O p20 single p* MC
0.8| + + + 4
0.6] + + q .
= Fit
0.4 J I ]
0.2 -+ -+ J
= Default Param.
0.0f — — — ) — — ) — — ) —
10* 10" 1 10 102 2 10" 1 10 107 2 10" 1 10 10 2 10" 1 10 107
Ee PGeV) E, (GeV) E, (GeV) E, (GeV)




Gg 231

*so[oI10 yoe[q ut syutod DA 9Y3 O} 3 © SI oUl[ pol

GG

3 al ™ [x7/ndf 862113 T il X Tnat 4987113 T il X2 Tt 5116113 T il X2 Tl 113 ol il X Tnar 3632113 ol T 3 [nat 4689113 ol al

14F, det PO 08608+ 0005599 |- det P ossors 0008686 | det o 8455+ 0.005252 | det w0 o861 0005868 | det w0 08309 0.004805 |~ det 0 082112 0onasss [ det "
S 'F0.0<n|T<0.dp:  oszesoone f 0.1<|T <02 [5 ossseoons O.2<IN|T <03 [5 omweoone FO.3<|N|" <0.4 5 oo | 0.4<N]" <05 |o oasr-oous f 0.5<|N|" <0.6 o oesscoona f 0.6<[N|" <0.7 [ omereoouos
o 2 2 0541 01829 P 05188 + 001761 52 05591+ 0.01696 2 051: 01615 [ 0.4737 £ 0,01 52 0.4273 + 0.0189
Qe o o o o o o
o

1o0f + + + + + E

1 =1 ol L ul 1 ol ul ul ol Ml ul ul n
o X7 7 ndt 4771118 al X I R X 1t 2749115 bl X° 2122113 al T X ar 5115 Fara 4921713
14 det PO 0.7807+ 0.004642 = det PO 08182+ 0.004548 = det 0 08438 + 0.006418 = det PO 0.8645+0.007865 = det det 0 0990008695 = det o0 1200144
S F0.7<In|"<0.84m ormssoooss [ 0.8<IN]" <09 [ omsseomens f0.9SIN[T <10 |5 osmesooonee f 1O <LL |m esmreomes f LIS <1.2 oaroooess f L2<IN| <13 [o osseeomsse f 1.3<IN|T <14 |m osmsroonms
2 P2 0.38 0.0187 2 0.4183+ 001611 2 0.4865 £ 0.01547 2 05568+ 001377 P2 06285+ 001217 2 05024 +0.01223 2 056303 +0.006403.
12p o o o o o
3
['4

°

: oL

% 5518/13 6048713 x2 Todr 7182113
14 det det PO 0.7745+ 0004389 = det P 0.7588 + 0.004753 = det o0 0.7272 £ 0.004; 51 = det L det O 0.7315 £0.004521

5 'Fl4<n <1 1.5<In]7 <16 |n  csmssocws fLBSINT <17 o osssesocomss fLL7<IN]T <1.8 s osmmasocosr 1.9<|n<2.0 |» 2.0<|n7<2.1 |;m osssesoossis

o 049812 0.01217 2 05012 +0.01262 2 04517+ 001399 134 2 02 05017 + 0.01325

Q12 o o o o o

o

9T, "SeIpMIs A VI uny woj asuodsar uotd o[Surs a1y} 03 spuodsaliod aur paysep yoe[q o], ‘A[I0A0 7, IO

jowLIoes ‘Sz, noyim paonpoid ‘ofdures HIN L of8urs 2 1d woiy esuodsor uord o[Suts DN

9SIOU I9

0.0 L ul ul ul ul ul

3 724113 6583113 X2 odr 3 S 8229113 X2 1081713
14F. det 0.74214 0.004646 [~ det o o, . det 0 073522 0.004895 | det 0 07562+ 0008801 =, det o s F det 0 73642 0005774 = det o
SHF2.1<n|"'<2 bar ooy F2.2<N|"<2.3 |1 “ioma: f2.3<I0[*'<2.4 |0 tiiiomes F2.4<|""<25 [0 cuicemm F2.5<n|"'<2.6 [i 2.6<|n*'<2.7 | cF2.7<n*'<2.8 |

=3 05473+ 0.01155 02 0.6¢ 0106 P2 0.5777 + 0.01115 52 0.6088 + 0.01051 P2 P2 P2 0.6366 + 0.01082
Pzl r r r r r o

o

10f k3 k3 1 E k3 1 E
0.8]

05

0.4]

02

0.0 - g ul ul ul

214fF et b 07201+ 0.006644 | det s o7aossacoes [ det P o7i0az000ess [ det o 0732+ 001008

g 'F28<hf <2 oarsss ooes | 2-9<NIT<3.0 |1 i 30<NT <31 [T o f3AST <82 |

ook > oswse ooiose | b ommsaon b b osmoons b b onsaon

2

['4 .

10f + + + 9 O p17 single e MC

= Fit

' Default Param.



T

Response

9g 2In3g

O

1S

°

Response

*so[oI10 yoe[q ut syutod DA 9Y3 O} 3 © SI oul[ pal

€¢C
9T, "SeIpMIs A VI uny woj asuodsar uotd o[Surs a1y} 03 spuodsaliod aur paysep yoeyq o], ‘A[I0A0 7, IO

jowLIofes ‘g7 noyiim peonpoid ‘ordures DN 4 37 o[Suts L1d woiy esuodsor uoey o[su

OSIOU I

d o
R
b2

pL
02

det

F2.8<n|"<2,

N PR

Fo.0</n*'<0.15

2

r
Fo.1<pn|
:

det

= o
o+ oamais -
asoreocsazr | 0.5<[N]

05282 002343

X nat

Fo.8<pn|
;

I
p0

F1.5<n|

det

det

T s T B P
det o 08143+ 0006003 = det o0 080220005139
<0.6 [w owrsoose f 0.6<IN|" <0.7  [o osres-oomes

o o 000 R oswomss

ul ol
EETEe FEre g 1032715

i3
ooz 0cceass | 1.2<|N|
o

s
07305 0o0ses |
oowsi=oose | 1.9<|N|

04447 200177

det 09635 + 0.007001 = 0.0498 + 0.006828
<13 osaseononr | 1.3<| <1.4 09009 001055

04807 001614 05069+ 001634

det

ol wl_ 3l
ST T
P 075632 000dsss

g ossexoceessr | 2.0<[N|

o2 04874 00148

ST
w  o7324s0004738
L 0925=0008808
0 04811 001586

det det

<2.0 <21

F2.2<|n|

det

s onms F 2.6<[1

06367+ 001291

ol YR
X2 inal . 1626/13
PO 0.7741% 001001
L 086622000971
2 0692+ 001272

" "
T B
0 omorsosner |
o ossoomesse f 2.7<[N]

06417 1001216

det det

<27 <2.8

F2.9<n|

det

<3.0

O p17 single K* MC

= Fit

= ' Default Param.



Lg om3ig

*so[oI10 yoe[q ul syutod DA 9Y3 O} 3 © SI oUl[ pol

Ve
oY J, "soIpngs SH [ VI uny woj asuodsar uortd o[3uts o1} 09 SPU0dSsaLIod 9UI[ POYSEP YOr[( 9], 'AR[I0AO {7 10
jowLIoNed ‘G7 moyiim peonpoid ‘opdures DN 37 oSuts 2 1d woxy esuodser uoey o[Suts DN

OSIOU JI°2

] oy B FETT 3294113 T ol yar T oy rar o T al X EEGY T al FRECD 243113 T T T T ol XTI GZES)
14, det PO 0.8364+ 0.003385 [~ det 0 o: F det o o 03315 = det o0 0830420003127 = det PO 0.8315%0.00336 [~ det 0 o o det 0 08129+ 0003963

S 'F0.0<|n|7<0.35:  osseioowss f0.1<n|T<0.2 [ 0.2<In]7<0.3 [ osmeooos O3S <04 [o osomsiocomsen [ 0.4<N|T <05 |pr oseszoowes f 0.5<|0]<0.6 | 0.6<n|"<0.7 |u  osesaomon

% 2 5 2 64 [ 0.3486 + 0.0155 52 46 + 001533 )2___0.3547 + 0.01536 P 0.3538 £ 0.01548. 52 0354+ 0.01598

m12

o

0.8]
0
0.4]
3
0.
3 H 88.82/13 H 5384713 6301113 1015713 7113 J 9519713
1.4] 0.8031+ 0.003871 = det 0.858+ 0.004495 | det 08885+ 0.0061 [~ det 0.9004 £ 0.008133 w0 0 00004733 = det 1+ 0.0007875
5 095042 00103 | 0.8<n|" <0.9 oo occsss | 0.9<IN|" <1.0 o= ocors | 1.0<[n]T <1.1 096060006546 o o000 | 1.3<N|T <1.4 09652 +0006369
% 0.367 + 0.01465 0.4545 2 0.01214 0.5189 £0.01185 05704 £ 0.01173 2 o 7 b2 0.5 .003¢ 0.6286 £0.003474.
12b 2 P P 2
3
['4

00 - al .l
g 1916713 d 1722713 207113 334113 FRaC: 1238713
14 det 0.854+ 0.004836 = det 0 0805+ 0.004253 = det o 07875+ 0004567 = det 0 07741 989 = det 0 o det 0 08055 + 0005518 = det 0 3 7
5 'Fl.4<n|"<1.95 os+ 00027 | 1.5<N|" <1.6  |w somccoomezr | LB <17 |o roweooesses [1.7<IN]T <1.8 | 1ozisoosezz | 1.8<[N|T <1.9 [ 1.9<|n<2.0 |» soz-oonise | 2.0 <2.1 | 103 0005325
=3 P2 05635+ 0008457 #___oums:ooun v oma12 001134 2 osissoome v 2 52 os2:ooooas 5 o 0009290
12f o o o o o o
3
o

" " . . "
08192+ 0.006838 [ det 083+ 0006553 |-, det w0 a2z z000752 | det P ossserooesis b, det w0 08345 00097 det 0 087662 001135 |
Yooz ooonos F 2.2<|n|**'<2.3 Toromnn [2.3<N["<2.4 |5 S f2.4<n|<25 [X ‘oo F2.5<n|""<2.6 2.6<n™<2.7 |1 lmiee F2.7<n|

o
06277 0.008506 06496 + 0.007403 06004 +0007201 2 06873+ 0008204 P2 07308: 0oorans

det osmssooizi
<2.8 10190001078

07407 0007396

L . L oL L oL i

@ ety e T s s sy s

21 4 095992 001711 [ det w0 1200003 | det w0 ey J det w 12 00004te8
< <

S rosoomser | 29T <30 [ GG f30<INT <31 [ Ll f3 A<l <32 | L

a12F 07881+ oooeesz [ v oswors ooooss | vz osors ooomseis o w2 osnos ocoossas

4

of S 1 i ] O p20 single Kj MC

= Fit

= ' Default Param.

L
10 1 1 ? 10 1 10 107 ? 10 1 10 107 ? 10" 1 10 107
E s tGev) E¢ o idGeV) Ey 0 %GeV) [ (2



T

QT 9In3JI

O

1S

*so[0I10 yoe[q ul syutod DA 9Y3 O} 3 © SI oul[ pol

14
9T, "SeIpMIs A VI uny woj asuodsar uotd o[Surs a1y} 03 spuodsaliod aur paysep yoe[q o], ‘A[I0A0 7, IO

jowLIofes ‘g7 oy peonpoad ‘erdures HIN V37 o[Suts 2 1d wogy esuodser uoey o[su

OSIOU I

™ ™ [x/naf 4768113 T il X Tnat 4341713 T l X? 1'ndf 2723113 T ™ X2 ndr T al X7 Tnar il T XC I ndf 39.02/13 ol al Far 5336113
14F, det o 08622+ 0.006111 |~ det o 08355 0.005108 | det p0 08763+ 0.00679 | det 0 05840005843 |- det o 086692 0.005855 |~ det PO 0834+ 000591 |- det o 0812140005526
0.0<[n|""<0.3p:  ossesz 0000 F 0.1<In|" <0.2 |3 oessoosz [ 0.2<|N| <0.3 o1 osssizoomes fO.3<IN] <04 [ oemeromwe f0.4<IN]T <05 i ossusoome f 0.5<0| <0.6 ocooas oo f 0.6<N|" <07 |o orsecoous
2 oseers oczoss @ ouwss:ooms 2 osoisi ooises R osursoms 2 osen:ooms 05058t 002144 2 o zomzs
12 o o o o o o

Response

" " " o
2 2152118 - It 2737113 ST1T1: % Inar 16.02/13 g Ere 558115
1.4] 0.8171+ 0.005815 = det o 0.86+ 0.006207 = det 08922+ 0000265 |~ det PO 0.9009:0.01176 12001481 = det 1000333 = det
5 onsseoouss f 0.8<N|" <0.9 [ o222 0044 [ 0.9<|0| <1.0 orssooee | 1.OSIN]T <11 [p 076132 001301 ssoreoonan | 1.2<I0]0 <13 [ om0 | 1.3<[N]T <1.4 08095 001262
% 0.4928+ 0.02131 P2 05243 0.01957 05828 + 001086 p2 0.6191 0.02073 0.6545 + 0.008250. 0.5088 + 0.005752 0.6286+ 0.01753
12b 2 P P P P
3
['4

°

21 Tl ul. 21 L ul. 21 ul. ul.
. T B ey T RIS Tt T
14 det PO 0.8588+ 0.008916 = det PO 0.8337+0.0109 |= det PO 08169+ 0.01098 = det PO 0.8137+ 0.01193 = det PO 0.8462+ 0.01205 = det PO 0.8558% 0.01712
1.4<n]"7 <185 oreseroos f 15N <1.6  |; oraossooses f L6SINT <17 ;1 oreeesoouars | L.7<IN|T <1.8 pr oraezoown | LOSINT <2.0 ;. orssooizsa f2.0<N|T <21 |pr ozezssoonzo
02 06298 00175 P2 06523002033 b2 064571 001927 p2__ 067162 001912 5206883+ 001632 b2 0732280017
12f o o o o o

Response

0.0, L 2] L ul 21 - L ul 21 rl ul ul "
g 60.76/ 13 X / ndl 5258113 /nat 6059113 X2 ndr 6042113 - X° / ndl 7121713 T XE Tnat 7619713 X< I ndr 8157/13
14f det 08372+ 001421 |- det po 085174001341 | det 0 o801 002187 | det 90 oot1ax 002267 |, det po 08857+ 002501 | det 0 o893 +002042 | det w0 12 003618
§F2.1<n <2 o781z 00us1 | 2.2<|n| p ozsre=oowss f2.3<IN|T <2.4 |5 omrcommw f2.4<IN]T <25 | ormireooes f2.5<IN|T <2.6 [p1 ososzocososs f 2.6<|N|T <2.7  for osewcowess f 2.7<IN]T <2.8 [ omizeocenz
%12_ 07142+ 001629 } 2__07223+001442 F 0776100615 k- 07832+ 001458 b 2 07888+ 0.0155LF 0790900172 b 0.8503 + 0.005433
3
o
10f + + + ¥ 3 F E
08 —— —— L —— —
06 -
04 -
02 L
0.0 L " L ul ol ul ul i ul o o
b i X 191713 al X2 1o 83113 al e 1252715 N X2 Inar 9947715
cl4F let o 12 001033 [ det w0 12003 | det 0 oo [ det w0 1002650
g F28<NIT<2f  oeiowm f29<MT<B0 N e f30<T<3 TSNS ESANIT<82 [T
u12F 23 0.8509+ 0.002791 f= P2 08436+ 0005154 fu P2 08476+ 0.003234 fu 2 08517 +0.004078
3
14

1o i k2 k2 ] O p20single K_0- M

= Fit

= ' Default Param.

10 107 1 1 ? 10" 1 10 107 ? 10 1 10 107 ? 10" 1 10 10
E¢ o (Gev) Ey 01GeV) E o (GeV)



9¢

*so[0I10 yoe[q ut syutod DA 90U} O} 3 B SI SUI[ POl O], ‘SOIPIIS

QA VII uny woxy asuodsar uojord o[Surs a1} 03 spuodsolrod oul] paysep Joe[q oY, 'AB[I9A0 {7 IO dSIOU

Iojgowtiofed ‘Sz noyiim peonpod ‘odures HN Ld of8urs ,1d woyy asuodsor uojord o[Suis DN

6¢ 2In3I

2 al BN PR A3 T r yar ST T ol rar Y T ol rar T ol T TaoTI T T T T Y T ol Far EXI
14F, det o 082252 0001773 |~ det o 08120+ 0001768 | det o 081832 0001639 | det 0 081280001649 |- det o 08062 0.001635 |~ det 0 079912 0001768 | det o 0792820001944
5'F0.0<n|*'<0.15: as2e=04e77 F 0.1<[|" <0.2 | camzomms F0.2<0]7 <0.3 | aereosmss [ 0.3 <0.4 | ssoas F0.4<[N|T <05 | smseosms | 0.5<|N|" <0.6  |u aseons | 0.6<IN]T <07 |n 30222 0141
% 2 -2.949+ 0.3251 2 3553 +0.4183 52 3707 + 04535 52 2901+ 0.3197 2 3,032 +0.3807 52 2,803+ 0.305 52 24102388
m12

o

10 3 3 + + 3 + E
08

osf

04

02|

°

Response

s
T

det

F2.8<n|"<2,

L =1 L ul ] ul ul i ul ul n L ul ul ul ul n
e TS ] et i s S ety
0.7745+ 0.002126 = det PO 0.801% 0.002081 = det PO 0.7941% 0.00251 = det PO 0.794+ 0.002666 [~ det o 08764+ 0.003428 = det 0 0.9005 + 0.003271 = det 00 08915+ 0.00330
a12as0mes | 0.8<N|" <0.9 |5 22e72018 [0.9<IN]T <10 |; 2zrecoane f1.0<N|T <11 ;e 1oz 0 f LIS <12 |w wseoosez | 1.2<IN[T <13 |n 1zneooses | 1.3<N]T <14 |w 1309+ 003949
24762 02147 p2___ 1558+ 01669 2 amsours 52093552 01268 oo ooum 2 ooz soouss 2 oosmsooun

07717+ 0001794 |-

1552 0.05742

035042 00716

1 ul
par 02715

ul
pa

ol
615713

Tl ul. ul. I l. ul | L ul. ul. |
T L ] Wk fer7re v by sk FET rao s
det PO 07312+ 0.00167 = det o 07172+ 0.001936 = det o0 069950001736 = det 0 06996 £ 0.001723 = det o 0.7053£0.00206 = det
1.5<n|"<1.6 |m  2zm:ounfl.6<|n|T <17 |w smasoosses | 1.7<IN] <1.8 [ 2oz | 1.8<IN]T <1.9 [ oot | 1.9<|N]T <2.0 [e sszo0mse | 2.0<[| <2.1
P2 1704:o0u478 v osor s 01073 w2 100520122 w 0763120107 g2 ossoomiss

n
[T

!
Xoindr

L
EENTEe)

ol ul
pan pe

n
EIET

TS
06815+ 000206 |

1427 005159
201939+ 007017 |

det

2.2<|n""<2.3

o 07071+ 0002362
p 12062 002372
5 01743 002915

F2.3<In|

det

<2.4

068131 0002716
12012003069
0154 003831

F2.4<h|

det

<25

o omessoomss |-
o saszoarrra | 2.5<N|

03165+ 002160

<26

0,675+ 0003386 |
11192 0.02002
03457+ 0.02352

det

0 00212 0004538
Pt 00751+ 002045

2.6<[n["<2.7

04707 1002129

det

F2.7<n*"'<2.8

06659 0004513
1025+ 001903
04541+ 002068

06899+ 0.00512
1036+ 0016
052192 001707 [

F2.9<n|

det

<3.0

P 066030005952 '3.0<|n|

p 10792 001380
w2 osa97 00152 [

det

<31

0
ot

ol
07713
056992+ 0009008
0935 2001725
063162001797

F3.1<In|

det

<3.2

n

3606715
@ 0esess000s8L
o 112+ 001263
o 05339001592

10*

O p17 single p* MC
= Fit

' Default Param.



T

0€ 2In31

O

1S

*$o[oI10 Noe[q Ul syutod DA 9Y3 OF 3 B SI SUI[ Pl oY J,

X
"STpNYS GH [ VIT uny woay asuodsor uojoad oSuts o} 03 spuodsoliod aul] paysep Joe[q oY, "AR[I0A0 {7, 10

jomILIofed ‘g7 1moyjim paonpold ‘ojdures HIN u o[durs 2, 1d woy asuodsal uojoid o[3u

OSIOU I

% al ™ [ x7/ndf 1008713 T il X7/ ndf 5111/13 T il 3 [nat 5547113 T ™ T al X Tnar 5642113 T T rar 506413 T il Far 20113
14F, det o 08237+ 0001813 [ det po 0811: 0001703 | det o 081442 0001634 | det o det o 080582 0.001570 |~ det 0 07985 + 0.001825 |~ det o 0786140002099
& 'F0.0<|n|""<0.15: 1asezozr57 [ 0.1<IN|<0.2 oo rewrsoaos f0O.2<|N|T <0.3 e roersose [ 0.3<|N] <0.4 0.4<n|7<0.5 |n Lazeonss | 0.5<IN|T <0.6 [ Leoreososs | 0.6<IN]T <07 |m 1722 02035
% 2 2.345 + 0.406. 2 2.506 + 0.4331 52 2607 + 04073 2 1633+ 0.2659 52 2303 +0.3233 52 2231 0.3303
14 1.2]
o
10 3 3 + + 3 + E

L =l ul ul ul ol L ul ul ul n
TS s s L S CFg
14 det 0.7822+ 0.002085 = det s det o 08103+ 0.002524 = det o0 0.8074 +0.002855 = det po 08843+ 0004412 = det det o0 0.9118 + 0.005033
0.7<|n|" <0 o7+ 02465 | 0.8<[n|" <0.9 0.9<In|"<1.0 |n asessonn | 10N <11 |w 1ozeoomos | LAKINT <12 | omseooms | 1.2<0|° <1.3 1.3<In|7 <14 |0 osssesoomn
52 18732 03098 v o122 01600 2 ommeowss 2 ozsersosun 028302 003822 2 oswrsosms
12p o o o o o
1.0]

00 L ] o 7] oL " L o oL 1] 4l
L T T e Wk s v Y sk = T T e
14f det o 07703 0002513 | det o ormaoone [ det @ o ooosmos [ det o ommsoomese | det o orsasocose | det w0 omas oo |- det o 070870008
1.4<n]7 <185 ososesoomos | 1.5<IN|T <16 |w oes=oosus | 16N <17 | semonizs | L.7<N|T <1.8  |w oesss oo | 1.8<[N| <1.9 [ oesszoossss | 1.9<INT <2.0 |m sersoossa | 2.0<N]T <2.1 |m 081162 00371
p2 -0.05017 + 0.118 2 02546 + 007252 2 03761+ 0.05788. 2 02791+ 0.07884 2 04328 + 004838 2 05099 + 0.04452 02 03489 + 00424

12f o o o o o o

Response

0.0 6 ol ol . I . "l n 6 ul n . u n

i kS wrky T C ] ] ST

14F. det o 07307+ 0.007201 | det o 07566+ 0.000294 |, det p0 0775+ 001898 det PO 082792002401 | det PO 075774001409 |- det - det PO 09563 0.07079

21<In7<2.30  omsoozny F2.2<IN|T <2.3  |n osszeom [ 2.3<N|T <24 |; ossers oo f 2.4<[N|T <25 | ossessoomzs f2.5<INT <2.6 ;1 ossaromees f 2.6<0| <2.7 2.7<n|<2.8 |m  osraazo0uma

E 2 oswo: oo osiss: ooears | 207257+ 00zs6 | 2 ooz ooz § 206090+ 0ozasr | [ 2 oseo: 00212

10f 3 3 + + 3 + E
0.8]

L ul " ul ul ul ul
2 - X27nar ¥ T X2 Y ESYRE] X7 nar TR
claf let 0 08585+ 0.03821 [ det 50 09186 2 0.04766 [ det PO 0.947+ 0.05384 [ det PO 0.8704 004171
gfascnf®<2f  smmPaocn®<ao |2 meiebaoan®<ar @ oo Faacp®ean [2 oo
['4

1ok 31 1 1 3 O p20 single neutror

= Fit

= ' Default Param.

10" 1 10

10" 1 10

w7
E, (GeV)



T

1¢ 9IN3I

"SOTOIID Noe[q ul syutod DN 9Y} O} 3 & SI oul] pal
2 1d woxy esuodsar uojord o[3urs HN

9T, "SeIpMIs A VI uny woj asuodsar uotd o[Surs a1y} 03 spuodsaliod aur paysep yoe[q o], ‘A[I0A0 7, IO
18

8¢

1oWLIONeD ‘G7 Inoyiim paonpold ‘edures HIN Y 918U

OSIOU T2

T a8 PO EZT5E T T Ex T T ez T T = J T e J T e T o B PO T
14F, det o 07992+ 0.002215 |~ det o 07878 0.002115 | det o 07917+ 0.001966 | det 0 07916 £0002005 | det o 07858 0.002001 | det 0 077072 0002257 | det PO 0.762% 0002525
0.0<n|*'<0.1% 2ass020s f 0.1<N|" <0.2 | 2rsseomer [ 0.2<0] <0.3 o 2esssoes [ 0.3<IN]" <0.4 o 2enozers | 0.4<[N]T <05 | 2czre01ms | 0.5<[N|" <0.6 [ 2ae0zso | 0.6<I] T <0.7 2451+ 02529
2 -Le26+ 01084 w L85 07350 e 1812 02152 2 sorrs o w 120201512 e Lo o533 1182+ 01648

12 o o o o o o

Response

6] 1 ol ul ol ul n ul ol ul n
S667/13 X Toa 1278715 T 1762113 Gl 2028115 W et CI Gl 7951715

G
14 det PO 075332 0.002501 = det »0 079+ 000257 = det " 07954+ 0.003106 |~ det 0 0792+ 0.003502 = det 0 08738+ 0004100 = det »0 09108+ 0.003987 |~ det 50 09058 +0.004501
0.7<|n|"<0.4 21032 0001 | 0.8<|N]" <0.9  |n vezsonons [ 0.9<INT <10 |m oot | 1O <11 |w varseoossss | 11N <1.2 [ 1amsoomss | 1.2<[IN[T <13 |n 1ameoomss | 1.3<N]T <14 |m L2612 003047
52 2132 01016 2 osssommsr 2 ossessooems B ozmasomss 2 oisseoome 2 ousiowen 2 oomasomms
12p o o o o o o
1.0]

°

ul. ul. I L ul. ul. ul
7 T Wk i sk T itk s
14 det PO 0.7612+ 0.002026 = det - det o 07162+ 0002615 = det - det o det 0 0.6956 + 0.002745 = det O 06833 £0,002747
1.4<|n["<1.8n 1eaz00s | 1.5<[n]T <1.6 1.6<n| <17 |[= sssoosse | 1.7<IN] <1.8 1.8<|n|” <1.9 1.9<|n<2.0 |» oousa | 2.0<I0|T <2.1 | L4651 004189
P2 0179: 004725 s sz oumsoomss 52 oovosoiz-ooasas s ooins ooas
12f o o o o

Response

08
0.6
04
0.2

0.0 L ul ul ul L ul ul ul ul ul |

ol s Wk T R poET ST TS G s

14 - det o 07072 0.002028 | det 0 068452 0.003360 | det 90 07034 £ 0003645 = det w0 06705+ 0.003658 = det 0 067782 0.004236 = det w0 0689320004533

2.2<n <23 |n oo f 2,350 <2.4 | raneoos | 2.4<|N]T <25 |a 1z2s00ue | 2.5<N] <2.6 [ Laonz 0020 | 2.6<[N]T <2.7 | sasooms | 2.7<N] <2.8 a0 1242+ 001683

E [ Primayey § o7 ogzms | o+ oo | oo oomarz f oaasooms | osssr o153

ol ol ol ol "
@ o ? VEers EEn TS
clar o ) 056838+ 0.005335 [ det P o7i0s: 00063 [ det P oes7=000020 [ det 9 0691920006273
g F28<hl <2 Tilhe f29<hlT<3.0 |1 VIIaf30<infT<3a T CTIUILE3A<hfT<32 T CTLNGL
a1 0F p2___ os020:001551 5 osmssoo | o oss soouss | 5 05607+ 001178
4

14

1of 1 1 1 ] O p20 single A MC

= Fit

= ' Default Param.

10* 1 10

: 2
10,
E, (GeV)



1

2

B MC Closure Test on v+jet MC Samples Produced Without ZB
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Figure 32: MC closure test for jets in pl17 y+jet MC sample produced without ZB overlay for |nﬁ12i| < 04.
The single particle MC responses are derived with ZS turned off. The offset corrections are not included.
The z-axis E’ is given by pJ. - cosh(n®").
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Figure 33: MC closure test for jets in p17 y+jet MC sample produced without ZB overlay for 0.4 < || <
0.8. The single particle MC responses are derived with ZS turned off. The offset corrections are not included.
The z-axis E’ is given by pJ. - cosh(n/®t).
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Figure 34: MC closure test for jets in p17 v+jet MC sample produced without ZB overlay for 0.8 < |17;zi| <

1.6. The single particle MC responses are derived with ZS turned off. The offset corrections are not included.
The z-axis E’ is given by pJ. - cosh(n®").
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Figure 35: MC closure test for jets in pl7 y+jet MC sample produced without ZB overlay for 1.6 < |77$Zi| <
2.5. The single particle MC responses are derived with ZS turned off. The offset corrections are not included.

The z-axis E' is given by pJ. - cosh(n/®).
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Figure 36: MC closure test for jets in pl7 y+jet MC sample produced without ZB overlay for |77é:te| < 2.5.
The single particle MC responses are derived with ZS turned off. The offset corrections are not included.
The z-axis E’ is given by pJ. - cosh(n/®t).
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. D MC Closure Test on v+jet MC Samples Using MC Single Par-
ticle Responses With Zero Suppression Turned On

2
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Figure 47: MC closure test for jets in p17 v+jet MC sample for |né2i| < 0.4. The single particle MC responses

are derived with ZS turned on. The z-axis E’ is given by p7. - cosh(n?").
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Figure 48: MC closure test for jets in p17 y+jet MC sample for 0.4 < |77§Zi| < 0.8. The single particle MC
responses are derived with ZS turned on. The z-axis E’ is given by pJ. - cosh(n’®").
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Figure 49: MC closure test for jets in p17 y+jet MC sample for 0.8 < |1’<t| < 1.6. The single particle MC

responses are derived with ZS turned on. The z-axis E’ is given by pJ. - cosh(n¢').
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Figure 50: MC closure test for jets in p17 y+jet MC sample for 1.6 < |77£i| < 2.5. The single particle MC
responses are derived with ZS turned on. The z-axis E’ is given by pJ. - cosh(n¢').
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Figure 51: MC closure test for jets in p17 v+jet MC sample for |77$Zi| < 2.5. The single particle MC responses

are derived with ZS turned on. The z-axis E’ is given by p7. - cosh(n?").
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