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• Z+jetの作業の流れ（code自体はほぼ出来ている）

• dataでのresponse←この絵を載せてある

• mcでのresponse（powheg pythiaとsherpa）

• （GSCを適用する）

• dataとmcでの比率を出す

• 上の値のb-tagを要求した場合との比率を出す

• skimming作業：NTUP_COMMON.r4065_p1278_p1562

でやり直している（サイトが動いているので）
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Z + jetで response histogramへのfit（b-tagあり）
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・b-jetの方がresponseが小さくなっている

前ページの絵のmeanをgraphにしたもの
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すこし考えていること
• 今のJESのcalibrationの流れは全体としては

• mc dijet によるtruth情報を使ったcalibration

• dataを使ったZ+ jet,γ+jetでlow pTのcalibration

• dataを使ったmulti jet balanceでhigh pTのcalibration

• Z+ jet,γ+jetではMV1等のb-tagを使用するので、mc dijetでもMV1を使用すべきでは？

• MV1以外の変数を色々変えてuncertaintyを出したい

• やはりb-jetを要求したときのresponseは意味がある気がしてきた

• GSCも適当な変数とresponseの分布を見て補正をしているだけなのだから、考え
方としてはそんなに変わらないと思う

• MV1そのものが多変量解析から得ているので気持ち悪いが

• inclusiveなjetはin-situ calibrationできちんとcalibrationできていると仮定して、dijet 

balanceで一方をb-jet,一方をそれ以外とすればb-jetのcalibrationができないか
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back up
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• Z+jetが最初の予想よりかなり多くなっている。

• b-jetにmuonを要求できるかもしれない。

• ただ、以前の結果でmcではmuonとtruth 

particleの対応は完全にはできないことがわ
かっている。

• muonに対応するのは10%程度で、後は主に
pionが占める。1,2割は対応が完全につかな
い。
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Z + jet
• el_medium++ , mu_medium

• ΔR(jet,el_medium++) < 0.1のjetはelectronとする

• Trigger(zee): EF_e12Tvh_loose1（multi-electon , 

unprecaled）

• Trigger(zmumu):  EF_mu24i_tight || EF_mu36_tight

• B-tag : MV1 > 0.8119 (nominal efficiency70%)
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5.2.1 Z + jet selection205

Details of electron reconstruction and identification can be found in Ref. [?]. Three levels of electron206

identification quality are defined, based on di↵erent requirements on shower shapes, track quality, and207

track-cluster matching. The intermediate one (“medium++”) is used in this analysis. Events are required208

to contain exactly two such electron candidates passing kinematic cuts on Ee
T and |⌘e|. If these electrons209

have opposite-sign charge and an invariant mass in the range 80 GeV�116 GeV, the event is kept and the210

four-momentum of the Z boson candidate is reconstructed from the four-momenta of the two electrons.211

All jets within the full calorimeter acceptance and with a JES-corrected transverse momentum pjet
T >212

10 GeV are considered. The highest pT (leading) jet must be in the fiducial region |⌘jet| < 0.8. Further-213

more, the leading jet is required to be isolated from the two electrons stemming from the Z boson.214

The presence of additional high-pT parton radiation altering the balance between the Z boson and the215

leading jet is suppressed by selection criteria on the pT and JVF of additional sub-leading jets. Table 3216

summarizes the Z + jet selection criteria.217

Variable Selection description
e1, e2 Ee1,2

T > 20 GeV electron pre-selection
80 GeV < Me+e� < 116 GeV
|⌘e1,2 | < 2.47 excluding 1.37 < |⌘e| < 1.52

leading jet |⌘jet| < 0.8, |JVF| > 0.25 if pT<50 GeV jet pre-selection
�R j,e =

p
(�⌘)2 + (�')2 > 0.35 anti-kt R = 0.4 jets isolation/topology

> 0.5 anti-kt R = 0.6 jets
pT

jet2 < max
⇣
0.2 ⇥ pZ

T, 10 GeV
⌘

radiation/topology
JVF(jet2) > 0.25, if |⌘ jet2| < 2.4 and pT<50 GeV JVF restriction for

sub-leading jets

Table 3: Summary of the event selection criteria applied in the Z+jet analysis. Here �R j,e is the distance
between the leading jet and the electron for both electrons, e1 and e2. jet2 is the highest pT sub-leading
jet, where sub-leading refers to any jet other than the leading jet used in the measurements.

5.2.2 �+jet selection218

Events are required to have at least one reconstructed photon; the highest pT (leading) photon is taken as219

the hard process photon and must have p�T > 85 GeV. The leading photon must pass strict identification220

criteria [19], meaning that the pattern of energy deposition in the calorimeter is consistent with the221

expected photon showering behaviour. The leading photon must also lie in a pseudorapidity range such222

that it is fully contained within the electromagnetic barrel calorimeter.223

Jets with high electromagnetic content (e.g. jets fluctuating to a leading ⇡0, with ⇡0 ! ��) may224

be misidentified as photons. In order to reduce this background, the leading photon is required to be225

isolated from other activity in the calorimeter. The isolation variable (E� Iso
T ) [19] is computed in a cone226

of size R = 0.4 around the photon, and corrected for pile-up energy and photon energy leakage inside the227

isolation cone.228

The photon reconstruction algorithm attempts to retain photons that have converted into an electron-229

positron pair. While clusters without matching tracks are directly classified as “unconverted” photon230

candidates, clusters matched to pairs of tracks originating from reconstructed conversion vertices are231

considered as “converted” photon candidates (double-track conversions). To increase the reconstruction232

e�ciency of converted photons, conversion candidates where only one of the two tracks is reconstructed233

(single-track conversions) are also retained. Jets that are misidentified as photons fall more often in the234
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gamma+ jet
• ΔR(jet,gamma) < 0.1のjetはgammaとする（ただしgammaは下表の条
件を満たす）。

• Trigger: EF_g20_loose || EF_g40_loose || EF_g60_loose || 
EF_g80_loose || EF_g100_loose || EF_g120_loose

• B-tag : MV1 > 0.8119 (nominal efficiency70%)

• selectionについてはhttps://twiki.cern.ch/twiki/bin/viewauth/

AtlasProtected/GammaJetCalib2012に詳しく書いてある
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category of converted photons, because fake photons produce wider showers and have tracks associated235

to them. To suppress this background further, an event selection is applied based on the ratio of the236

transverse energy of the photon candidate cluster to the scalar sum of the pT of the matching tracks237

(E� cluster
T /(

P
ptracks

T )).238

Only jets with pjet
T > 12 GeV are considered, and each event is required to have at least one jet. The239

highest pT(leading) jet must be in the fiducial region. To suppress soft radiation that could a↵ect the pT240

balance between the photon and the jet, selection criteria were applied on the azimuthal angle between241

the photon and jet (��jet-�), and on the pT carried by the second leading jet (pjet2
T ). The second-leading242

jet (jet2) is defined as the highest-pT jet from the set of sub-leading jets that either has |⌘jet| < 2.4 and243

|JVF| > 0.25, or for which JVF could not be computed because they are outside the region covered by244

the tracking system. A summary of the �+jet selection criteria is given in Table 4.245

Variable Selection description
leading � p�T >85 GeVand |⌘�| <1.37 photon pre-selection
E� Iso

T < 3 GeV � isolation
E� cluster

T /(
P

ptracks
T ) 2[0,2] (single-track conversions) jets faking photons

2[0.5,1.5] (double-track conversions)
leading jet pjet

T > 12 GeV and |⌘jet1| < 0.8 jet pre-selection
��jet-� > 2.9 radians radiation suppression
pjet2

T < 0.2 ⇥ p�T radiation suppression
JVF(jet2) >0.25, if |⌘ jet2| < 2.4 JVF restriction for sub-leading jets

Table 4: Summary of the event selection criteria applied in the �+jet analysis. Here E� Iso
T is the transverse

energy contained in a cone of size R = 0.4 around the photon, and corrected for pile-up energy and photon
energy leakage inside the isolation cone, E� cluster

T /(
P

ptracks
T ) is the ratio of the transverse energy of the

photon candidate cluster to the scalar sum of the pT of the matching tracks, ��jet-� is the azimuthal angle
between the photon and leading jet, and jet2 is the highest pT sub-leading jet. Sub-leading refers to any
jet other than the leading jet used in the measurements

5.2.3 dijet selection246

In measuring the jet response using the momentum balance of dijet events, it is important that the events247

have a 2 ! 2 topology. Additional parton radiation is produced in the same pp interaction can bias the248

pT balance between the two leading jets. Additional jets not originating from the hard scatter should not249

overtly a↵ect the pT balance of the dijet system. All third leading jets that are within tracking acceptance250

are required to come from the hard scatter vertex by applying a JVF restriction. Events containing an251

additional central or forward third jet with significant pT are removed (pJ3
T /p

avg
T < 0.4). The value of252

0.4 was chosen based on studies of the response as a function of pJ3
T /p

avg
T used in deriving a radiative253

correction to the relative jet response by extrapolating pJ3
T /p

avg
T ! 0 (see Section 9.2.3).254

JVF requirements were not applied to the two leading pT jets, however, the impact of applying a255

JVF cut on the leading jets was checked and showed a negligible e↵ect on the results.256

To help pick out events with a near 2! 2 topology, selection criteria on the azimuthal angle between257

the two leading jets ��(jet1, jet2) was applied. Table 5 summarizes the dijet selection criteria.258

This selection di↵ers from that used in previous study [?] due to the higher pile-up conditions expe-259

rienced during 2012 data taking and the application of the radiative correction (see Section 9.2.3).260

※pT_gamma > 85GeVは要求していない
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