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(0] B 1 N ! Department of Physics, Kobe Umiversity, Hyogo 657-8501, Japan.
- _— = 3 - 2 Department of Physics, the University of Tokyo, Tokyo 113-0033, Japan.
(D | @ - 1 3 Tev’ Ldt = 79'8 fb * Institute of Particle and Nuclear Studies, High Energy Accelerator Research Organization (KEK), Ibaraki 305-0801, Japan.
To) 1 00 ] *The Graduate University for Advanced Studies (SOKENDAL), Hayama 240-0193, Japan.
. = . - SKavli Institute for the Physics and Mathematics of the Universe (WPI),
N " A" Categorles + Data ol the University of Tokyo, Kashiwa 277-8583, Japan.
~ Y % International Center for Elementary Particle Physics,
= — = the University of Tokyo, Tokyo 113-0033, Japan.
® 80 Slgnal + BG 7 (Dated: March 16, 2021)
S N Total BG iau
GJ 7] 0 e 2 3 R
S . Conti BG Prhys(At|B? = Byecay) = oN (1 + (2|7]* — 1) cos (AmAt) — 2|r|\/1 — |r[?sin (6 - :p)sm(AmAt)) :
T Y, ontinuum BG W BT & '
60 Poinys(At|B® = Byecay) = 62]\; (1 + (2r[2 = 1) cos (AmA#) — 2lr|y/1 = [r[Zsin (0 + ¢) sin (AmAY)) w | : ey s
oy 8 SR AR RARS RARY RARS RERNLARS LARE LARS RRRE _
R v, o 7005Toy MC simulation + B°(At=0) —» K"y Eﬂ: A SIZ j:ﬁ“ %
40 . ﬁ 600;(0 =439+33[deg] BD{JF-O) - K% ; j-LJ -~ -
o EFNFRIO ,
5] Clrf=0.5 : ] = e
@ 90025 - 0 [deg) - = = g
F | ~ ~ ~ N
I b ~ ~ —
20 400_: ] - l/ = N )
52 = E 3 B= 3 Channe K
300; RN E - £ e e
B 7 [ a - £ ]
1| | [ | Lt i | L1 1) | 1111 | L1 1 20(); - 2 - Chamuig 4
0310 120 130 140 150 160 | | H 53 A i | NS
F ] - ~ N :_Channel 4 3
100" ] (PRDC\— 7 ~ / l\ 400¢ E /)N I\ 7

L f S - e oo
MMz [SeV] ST arXiv: 2011.07560) —~——1 KEHLS

s = 1 »
i ' o - IIb EITT:

S0 40 600 800 1000 1200

R EhLETDY — T*‘ROOTjE%FEE




AHODBE

« IR IZROOT 7 74 ILIZH Y
> bHbAABE

« MMIBMNA 57 (?2) ROOT7Z 7 A JILE L =
> ROOT 7 74 Iz ITH L H IS
77 AN EREWTHEANAT Oy ME->THS

/7 \\




//—'>j'>__| p—
185

ROOTA VA M—ILTTCETCETH?
% . 10:00 - 10:30




>J>]
—]

ROOT & (&

& root.cern (¢ (4] i =]

Google Applev SNSwv Shoppingv Article v Developer v study v

ROOT

Data Analysis Framework
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ROOT: analyzing petabytes of data, scientifically.

An open-source data analysis framework used by high energy physics and others.
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Get Started Reference Forum & Help Gallery
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ROOQOT enables statistically sound scientific
analyses and visualization of large amounts of
data: today, more than 1 exabyte (1,000,000,000
gigabyte) are stored in ROOT files. The Higgs was
found with ROOT!

As high-performance software, ROOT is written
mainly in C++. You can use it on Linux, macOS, or
Windows; it works out of the box. ROOT is open
source: use it freely, modify it, contribute to it!

ROOT comes with an incredible C++ interpreter,
ideal for fast prototyping. Don't like C++? ROOT
integrates super-smoothly with Python thanks to
its unique dynamic and powerful Python < C++
binding. Or what about using ROOT in a Jupyter
notebook?
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> $ source [build L 7=3Pr]/bin/thisroot.sh

> ROOTZ24 77 Vllpathz@ L TW3
- LWE WL EEH

> $ root

:~S

Welcome to ROOT 6.22/06 https://root.cern |
(c) 1995-2020, The ROOT Team; conception: R. Brun, F. Rademakers |
Built for linuxx8664gcc on Dec 23 2020, 02:27:00 |

From tag , 27 November 2020
'.help', '.demo', '.license', '.credits', '
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> ".q"E AL TIRITS ("quit"dq)

IT 4 XIFHATHLW

V(==& X —+ = %> TAHANlfemacsPvimTTOK
> .bashre & - = SAHEL & (B A IZEHEF IXemacs)ik)

> $ nano ~/.bashrc =

= source [build L 7=35F7]/bin/thisroot.sh D1TZ E N

s P —T L TRT (br o2& 7RO TER)
> LI, wmRizH FIFEFIZthisroot.shZ BSFE (Zsourced 4
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> $ root ${ROOTSYS}/tutorials/hist/fillrandom.C

s BRICEKRIZAWT Oy A ENEREREF

» CABRMAIMENTE T

> Fa— YU T7ILTIEER "root XXX.C"' TWLWAWLAE)L
= WAWVARLTHTLZETW
» BHLALHOBRDTIL:
- $ root ${ROOTSYS}/tutorials/roofit/rf708_bphysics.C  (CP violation)

- $root ${ROOTSYS}/tutorials/tmva/TMVACIassification.C  (##5%)
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ROOTT\ kl\yﬁ%
R . G TEZE

Dl D T —

S Selection Data Data Data MC MC
4o 2015 2016 2017-  for 2015+2016 for 2017
Q 100 % 100 %
A Pre-selection 12,199,177 122,360,256 62,504,764 77.6 % 77.2 %
< Two photons 3,544,701 36,090,940 16,360,562 60.9 % 60.0 %
j@’ Trigger match 2,597,327 26,987,092 8,062,623 57.8 % 51.7 %
A Tight 429883 4,246,802 4,750,250 48.7 % 46.8 %
- Isolation 156,537 1,523,797 1,834,630 40.3 % 37.7 %
% Relative pr 136,038 1,324,491 1,595,147 36.7 % 34.6 %
% Moy 30,162 208,882 374,981 36.4 % 34.2 %
e Leptonic region
P(; N., >1 79 669 855 11.3 % 10.4 %
~ Ny _jer > 1 9.0 % 8.3 %
D Hadronic region
AJ N,,=0 30,083 298,213 374,126 25.1 % 23.8 %
Njet >3 1,899 Y. 6,837 24.4 % 23.1 %
Ny_jer > 1 19.9 % 18.8 %
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ROOT &
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EN
BARY MERT LT —XE=FTH

> TNZNHY ) —EiE 0y U — i
ARy R o '

e BT 5

fBranches = TObjArray of TBranch

Tree
fScanField

fMaxEventLoop
fMaxVirtualSize
fEntries

fLeaves = TObjArray of TLeaf

] ] e

fDimension
fSelectedRows

fBasketEvent
e

fBaskets = TObjArray of TBasket

fEventOffset

A key feature of ROOT is a data container called tree, with its substructures branches and
leaves. A tree can be seen as a sliding window to the raw data, as stored in a file. Data from
the next entry in the file can be retrieved by advancing the index in the tree. This avoids
memory allocation problems associated with object creation, and allows the tree to act as a

fZipBuffer
lightweight container while handling buffering invisibly. _
... N . 0 L o8
>.< Wi kl ped 9 CJ: ) https://root.cern.ch/doc/master/classTTree.html

CEINTHEHLWEBSDT, HETROOTZ7 7AIILEBTHFEL &£ 9
2

2



ROOTDsR A (2)
MET R ETEN KIS E

> AT A VTIRE

= {A: tutorials/fit/fitNormSum.C

File Edit View Optio Tools

Exponential Bkg + CrystalBall function

0 XN LEEIZHLT
a0 NSignal = 50086 + 1239 EMELEMRTEEER., 714 v bA]

Nbackgr = 998893 + 1576

250—

—tatirex L LABICETREL TA<N5

200
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150
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ROOT 7 714 L

s EOHLLBELLAZOLDBDEVNEL £ D
> ATLAS Open Data

» http://opendata.atlas.cern
XE T

- R—TYH EnData — 13 TeVO T — X

Q Help About ~

» ATLASOD T — 2L —> g3 N,

—E A~

open

CERN

ATLAS x  pp x 13TeV x
include on-demand datasets

Filter by type

Sortby: Bestmatch BJ asc. [ Display: | detailed [ 20results [

Found 8 results.

v || Dataset s —_—\
Derived [ ATLAS 13 TeV samples collection one large-R jet and one lepton, for 2020 Open H \ 7 > — L
Data release d\ J
Filter by experiment
Y ) por The ATLAS collaboration is rele fo-1 of collision data at a centre-of-mass enerqgy of 13
ATLAS & TeV from the 2016 data 1aking period for educational purposes 10 the general public. This set of
T CMS )
Tase
Filter by year [ Omacer | oerivoa |
712016 8
' . ATLAS 13 TeV samples collection exactly three leptons (electron or muon), for N — ~
Filter by collision type =
2020 Open Data release N \
pp s —
The ATLAS collaboration is releasing 10fo”-1 of collision data at a centre-of-mass energy of 13 \ -
Filter by collision energy leV from the 2016 dala taking period for educational purposes o the general public. This set of
r -—r
' - NI sy == :
arev - o oo T ( - b T - 1FE ¥
J Z N
Filter by event number
; 1
i = ATLAS 13 TeV samples collection exactly one lepton (electron or muon), for 2020 \ fo) ~ A\
~ 1000-:0998 o Open Data release | — / /\ —_ \/
10000--99999 o The ATLAS collaboration is releasing 10fe”-1 of collision data at a centre-of-mass energy of 13 Jd 7N —
| 100000--999999 ° TeV from the 2016 data 1aking period for educational purposes to the general public. This set of
71 1000008999999 o !
AU 00 E Locsue [ ownna [ 1rns
s N A G g G S S o S T G e
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» Diphoton events (J&JKREIC 7 + bk > AY21E])

)
4
£, o — by O RIELZT— LTV F v I
i oo A ER=WE- W (AR
AR v (EEFEZR=O0I(4MRXVIFHEZV)

- Four-lepton events (FRIRBEICTHEL 7 b > e 1 4E)

By V7 RBERI—ILT vV F ¥ 3l
ER= =W AN
(BEERIVEVIEE L DAL

- Two-lepton events (FIRREICTEL 7 F > e u HY2{E)

Ly XL WTFEZRY v DARIE
(KL JL-% > @)
SEEH->H %L
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 https://cernbox.cern.ch/index.php/s/0bJO9P7LYRLu8Zne

e datat WO T4 L7 MU BKXTO—F

> Rk CIACERNBoxE WS 77TV XML —=HHEFEL TS
> IMATHP->TWS, X 5N LCERN

7 7 4 MEERF 1" root’

> TRICKX 7Ly 7 LTHELIBEVLVDTEE
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> C++74 77U &L THES
s CH++yY —XO— FIZEHAIAATO /A )L

> "o O" &L TED
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PO THELD

* $ root

> E(FINTHEE— K& L TROOTHRH)
+ ROOTIIC++EETEDN T

>EIFI I TCT7RTIIVINTES

= 7l : std::cout << "Hello world!" << std::endl;

root [5] r:cout << "Hello world"™ <<
Hello world

root |6}

0o FTEH CEXAOTRHEBEERDY



o T T7AIL %

e § root xxx.root

vpnk29-141:Data higashino$

vpnk29-141:Data higashino$ root data_gamgam.root Z ﬂfﬁ?ﬁ LY C LY %)
root (9]

Attaching file data_gamgam.root as _file@...
(TFile *) Ox7f8810c36770
root [1]

(MK BB > T ULUTEP>TWD
TFlle * file0 = TFile::Open("data_gamgam.root")

NI DT TCHHDE S ITENTHS &
root Ld‘] — — > —
root (4] std::cout << _file@ << std:: . “——@ ) l\ [/XC\—%{ZIS
@x7£8810c36770 M 5
root [5]

kLt C++-1x<
31 273 LEVSEHRBHY)



T Browser
ROOTZ (& 21 E)GUITHE

> root|1] TBrowser b;

b & ZAIFRITHELIW(F T 7 M

®@°e ROOT Object Browser
Browser ]Elle Edit View Options Tools Help

Files ’ Canvas_1 @‘ Editor 1 ||

8, ¥ & Drawoption:|  [7]

(Jroot s
(JPROOF Sessions
ZJROOT Files
=-%igdata_dlep.root
ER _Jmlnl 1
3% runNumber
3% eventNumber

== -3 channelNumber
N r'l] .J_/ c - 7 I) TR Y 7 [/ T 3% mcWeight
— / -4 scaleFactor_PILEUP ||

4% scaleFactor_ELE
-3 scaleFactor MUON

S ‘ 2]
2 3 scaleFactor_PHOTON
\ 3% scaleFactor_TAU
— ¥ scaleFactor BTAG

-3 scaleFactor_LepTRIGGEF
3% scaleFactor_PhotonTRIGC |
-3 trigE >
ik trigM

R trigP

3% lep_n

i lep_truthMatched
i3 lep_trigMatched

T

3% lep_pt
—\\ ~ ~ 7L 3% lep_eta
;? - ~ f__ I 3% lep_phi
L lep E PR PRI P ARTIEY v
JU b *L % i : L — d\ O — " -%Iez:zo Command |
-&Iep_charge ol Command (local): | E]
< 2 111 |
Filter: | All Files (*.") [~
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« TTreebt WS 77 RADF 77 bH
RESNTWDS

> 2D FIZCTBranchZ 2 XD H D7-H

runNumber

Hd
|l
-
r N~
_I
_I
—
(D
(D

eventNumber

SROT —2EE

(_JPROOF Sessions

& eventNumber
| 3% channelNumber

|- 3% mcWeight

|- 3% scaleFactor_PILEUP

|- 3% scaleFactor_ELE

|- 3% scaleFactor_ MUON

|- 3% scaleFactor_PHOTON
|- 3% scaleFactor TAU

*jROOT Files TTree

TBranch
EDHA NV l\C:’Z@%’?&fﬁ\,\%\,\%Vg;‘ﬁ)‘Fbi‘OTL\%,r)<_¢
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Branch® & %8

* FICIELIAANY FRICEHDEZFRF2LDH Y
> std:vectorzadx TV 5

> 1 Z IR

ep_pt& Hlep_eta& N

:ggt Hﬂ mini->Scan("lep_pt"); : 5 ]\j]
G e ep_ot * (ml i &\ %Eﬁ@TTl’ee>

* 49138.343 *
* 43451.648 *
* 43018.269 *
21352237

SR | (N T Dlep ptDfE

* 138846.67

* 106696.53 * N SN S

* 79776.726 * ’ROW%)\/r N / |\ == K]
* £65284.066 *

* 37290.765 *

* 172426.925 *

* 3804.5644 * S N —

* 74583,656 * 1 /r ~ l\ C\_TEJ-'T 75\“575:2':%/)
* 15147.435 *

* 10816.199 *

* 10170.412 *

* 146784.70 *

* 127539.96 *

* 33562.179 *

runNumber

eventNumber

* 29776.128 *
* 135680.68 *
* B2894.796 *
* 62508.897 *
* 42552.966 *
* 41998.890 *
Type <CR> to continue or g to quit ==> ||

ATV S P A DWW W WNNNNR B B ®
L TR T N TN TERE TR TR DN U BN TN DR N N TR TR T T R
BWNMDWNMDWNMEDWNMEDWNMEDWNMASD ™




d

ClIZHh L WAWNWAN 5 TIHE

« mini->Draw("lep _pt");

> BTy ERELE

[
1T
|

e mini->Draw("lep_pt[0]"):

> DD b DB TiEE

« mini->Draw("lep_pt[0]:lep_pt[1]");
> 2k 7Ay b, HE%ZHBZEDTE S
> 1272 L 2O X £ TIFRICCL

» mini->Draw("lep_pt[0],lep pt[1]","" "colz"):

> =LA Ay FD)ICH B
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R A I
> BBFRELTOEZE (WNKo>yao74 KX —)TlEE — L
(zE) FADEBENREFELRWNESICEZ 3)

> 1272 Lxe YIZERTFE — pr=Dp+D,

y y
ATLAS |
n=-0.88 \n=0 7=0.88
e 4
=-2.44 o 2.44
) i ]
ZA

Figure 2.7: ATLAS coordinate system.
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B9 C2EHOEA CHEE N TA LD

> BWADNBLLAWKRHTELoRETLZEW

2D En A diphoton® A [&photon,
A-lepton¥2-lepton®d A ILlep D

> lep: EL 7 b>e, u [EREFLCREL &£

> jett ANFAYY v b (=0T I—F )

> met et JHRI R ILF— (EEL LD THE)

> tau: X THRF (b L 7 b EEBWREEL L)

> pt: EAREFHE (X > ZXDpp)

> etaa T ET AT 4 (oK Y E—LHARDAE) n= —lntang,

> phi: FIN =2 Dine S8 = MBSO Z R IE — B R TOK

ST LB AAMY o BHE L TLCIEE 0N
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ROOT +2
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TS Selection Data Data Data MC MC
4o 2015 2016 2017- for 2015+2016 for 2017
< 100 % 100 %
5\5‘ Pre-selection 12,199,177 122,360,256 62,504,764 7.6 % 77.2 %
S Two photons 3,544,701 36,090,940 16,360,562 60.9 % 60.0 %
:;‘J) Trigger match 2,597,327 26,987,092 8,062,623 57.8 % 51.7 %
Q Tight 429,883 4,246, 802 4,750,250 48.7 % 46.8 %
7 Isolation 156,537 1,523,797 1,834,630 40.3 % 37.7 %
it Relative py 136,038 1,324,491 1,595,147 36.7 % 34.6 %
3 My 30,162 208,882 374,981 36.4 % 34.2 %
’Lf Leptonic region
[; New 21 79 669 855 11.3 % 10.4 %
iy Noju21 T 61 BT~ 9.0% 8.3 %
N Hadronic region e p——
A) New=0 30,083 298,213 374,126 25.1 % 23.8 %
Njet 2 3 1,899 22594 36,837 24.4 % 23.1 %
Npju>1 T72 1,927 2770 > 199% 18.8 %
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root (7]

root [7] mini->Draw("photon_pt[1]:photon_pt{@]", "photon_pt[@]>400888&%photon_pt[1]>30008&&photon_1sTightID|[0 |&&photon_1sTightID[1]","colz")

(long long) 623969
root (8] |}

+ BIRIEIEEITH v b A

> XFITEROEHICEZTZL &9
> isTightiDED WS DIFHEFEF LA WL (ATLASOAL » W E DA B

» IO WO EMHEZATLASERIZ L SED, FFBICEIAL LW

= [ . ZAREDHEITAIET
ET 700— ™ §10
s | : ‘
£ 600 - .
o] Y ATRT—L-oRBERI Y VY
- ] N — N\ N (¢]
| . XYURORS YRy TTRES A S
400 =
>r e WAWATEDLDTR o> TCAHATLIZE W
200(—
. 10
100:_ | I I.
N [ |
ol Lo T T T 1 1
0 200 400 600 800 1000 1200
photon_pt[0] 4 1




root 7]

root [7] mini->Draw("photon_pt[1]:photon_pt{@]"] "photon_pt[@]>40088&%photon_pt[1]>30008&&photon_1sTightID|[9 |&&photon_1sTightID[1]" Fcolz")
(long long) 623969

root (8] |}
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> sample.cc
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Preselection

c T—RIIZTTAUT DL D HZEED
M- TWAD

Final-state categories Leading object pr (min) [GeV] | Collection name
N, =1 25 llep
Ny>2 25 2lep
Ne=3 25 3lep
Ny, >4 25 dlep
Nargerjet = 1 & Ny =1 | 250 (large-R jet), 25 (lepton) [largeRjetllep
Noipoa==1 8 Np =1 20 (73,), 25 (lepton) llepltau
N, 2> 2 35 GamGam
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