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Data and detector response

300 m, 60 units

> Event information

110 m, 22 units

150 m, 30 units
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150 m, 30 units

150 m, 30 units

ca, 100-200 m -

at ground:

Particle Composition

= 80 % photons
~ 18 % electrons
= 1.7 % muons
=~ 0.3 % hadrons

=~ 108 secondaries

|_for 1015 eV proton
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* Incident direction: (o, J)

* Time:t/MJD
* Primary energy

Double_t mid;
Double_t tlive;
Float_t theta;
Float_t phi;
Float_t ange;
Float_t edir;
Float_t ra;
Float_t dec;
Float_t ccindex;
Float_t chi2;
Float_t Xc;
Float_t ye;
Float_t rmds;
Float_t pincness;
Float_t istationcore;
Float_t dcedge;
Float_t qall;
Float_t qfite;
Float_t gfit;
Float_t qmaxt3e;
Float_t xgmaxt3e;
Float_t yamaxt3e;
Float_t gcri5t3e;

-->standard Modified Julian Day
-->live-time of this event rela
-->zenith angle in rad in WCDA
-->azimuth angle in rad in WCDA
and ( phis=@ is east directon
( phi=180 is west direct
-->openning angle betwsen fits
-->error of fitting direction;
==>RA in rad;
-=3DEC in rad;
-->shower curvature index if us
-->Chi2 after curvature correct
. position in m;
' position in m;
--sShowar care radiys with loop
Gamma/Proton

TTANST pgaremELTl,

Core position ance to the edg

Core position

rowme Wy o w=e

-->Sum. of Pes after noise fil
-->Sum, of Pes used in curvatur
-->Max. PEs, within |DeltaT|<3e
--»X position of qmaxt3e;
--3Y position of gmaxt3@;
Q o. Pes with distanance to c



Data

» Gamma/Proton » S/B ratio for Crab-like sources

* 1/100 ~1 @ <1TeVto >10@10TeV
10°F * Sensitivity: 1% Crab
10 = CR (protons) !

» Background estimation

107"  Direct integral method
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Data

» Data binning

» Eventinformation
-> Primary energy
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l 20210511/131236/0.554788897: nTrig=-1, 0=37.81=0.02°, $=103.39+0.02°
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Data

» Data binning

> Event selection O Space binning — Counts map and background map

* Zenith angle <50° Counts map
* Pincness

Ny S€gments

Background map

Dec. [ degree |

» Eventinformation
* Primary energy
e ->Incident direction: (o, 0)
* Time:t/MIJD

— Pixel size: 0.1 deg. X 0.1 deg.
— R.A. range: 0 —360 degree
— Zenith angle < 50 deg.

— Dec.range: -20 — 8o degree

2024/8/11 Yunnan University, Kunming 7



Data

» Data binning

O Time interval

® WCDA
— 202103-202209 (2LHAASO catalog)
— 202103-202307
— 202103-202401

® KM2A
— 202107-202209 (1LHAASO catalog)
— 202107-202307
— 202107-202401

> Eventinformation

->Time:t/MJD

5252/492
2.1911 0,007946
0.1833= 001111

35
365+ 0
238.7 4 3403

25
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detector response

WCDA KM2A
» Detector response Wens . . . :
Nhi200ss a0 o Simulation: Corsika+Geanty g10(E_)<1.8
O Detection efficiency: n(E;, 6;) F et g §so_ l ?'“
_ Energy and Zenlth angle hadrons muons electrs neutrs 0.00 -10”° sec Gamr;:;sz‘::v '_g = Y -
_ U(E' g.) _ Mert(Ei8;) aa § “}\
vYj Nall(Ei'ej) 25000 — m ;
- ‘ “
O Point spread function (PSF) 20000 |
® WCDA ; — TRPCI |
B PSF(N}lllt) 15000 — : = 2
® KM2A 10000 — - ‘ | : T aioermen)
~  PSF(Elec, 6)) ‘
'i ‘
g i
: ] -
g
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Analysis method

e Data: N] & bj

Counts map Background map

O Binned maximum likelihood

For jth pixel in regions of interest (ROI)
Nj -2;

Ae
J
P(Nj; %) =T'ﬂj =bj+ E Yk

in which b; is the background events, yj is the expected
gamma ray events from the kth sources, the log likelihood is

Hf\s(dml
InL(OIN) = (Njlnd; = ),0 = (O, 65)
j * Response: n(E,,, 6,) & PSF
O Forward-folding i Nhit>=200 88 N300 B 1.6<10g10(E,_)<1.8
Assuming spectrum model of source I, (E), expected excess is gw_ T %m_
Yk = z Zf I (E)AE X 1)(E;;, 6,,)Sec0s(6y) Topsf (6n) m m?
n m AEJ 20— zn‘E— L
Vik =Yk @ PSF |

5 7 a8
log10{E/TeV) 1og10(E/TeV)

2024/8/11 Yunnan University, Kunming 10



Analysis method

» Significance

WCDA (1 TeV <E < 25 TeV) Significance Map 20

-
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Significance

w

e

- AR N
(l+a')(L)H ¢ =_3

N on T ]Vulf

+ NyIn

S=2 {N(,nln

| + ( N )
o N()n + Nnﬁ'

e S follows standard normal distribution
e $S>50,p<286x%x1077 Discovery
« $>30,p<135x%x1073 Indication
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Software: LA-Gamma

> Core function

304

Joint analysis: WCDA+KM2A
Multiple sources or DGE components
Results

v
Flux points or Flux upper limits
Morphology map

Fermi, LS | +61303

Optimum values of SED and spatial parameters

v
v
v

Pedaftron  Apasion
< 12x107 j‘
§ LOx10 'wﬁ '
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Software: LA-Gamma

» Available models W
=5
SFR ISR
(EIrEE)
O Spectrum -
v Log-parabola (HBER)
v Smoothly broken power-law O
v 1958
...... . . ¥ R
v 6 models in total available currently
O Spatial ERERE
v" Disk extension s
v" Diffuse model Al
v Bam
v

10 models in total available currently

v' Users can add their own models

2024/8/11

add models in the format in the config file

Spectrum model

HFEPtag 1568
Point
Ext_gaus
Morphology model

Ext_Gaus

Ext_EGaus BiTheta HRIESralEMBIER

Ext_Disk

Ext_Diff HlBarXiv:2106.09396

Lb g BFsadtag 2
Ext_Temp
1 141 > Al " 1‘-‘ :
miwit Pl Py 5 )

Ext_Ring

I ™ o o (.,g,'
Ext.Shell T P A F..(F" )
Ext_HDisk

4 < _ TRy (8 - ' '
T B AT O R (i PEC Febo ) exp ™
I
=R R R PSEC F l~:.( p(:‘ ) "t‘xp =
v

FKE AV MRS BPL

. = oy by ) (e
TR ORISR SBPI F 1-:,( f; ) {', [1 " (l'; ) J}
N - “n
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Software: LA-Gamma

> Software frame

Model config
— Spatial and SED models

Plug-ins : | R\ User

WCDA Plugin

DataMap
Detector Response
Convolution

Fitting config
Energy bin used
n , Region of interest
PI’OQ main | Fitting options
— Maximum likelihood based £ Output options
on Minuit Package -
KM2A Plugin

— DataMap

—  Detector Response
—  Convolution ) y ~ Definition of sources or DGE

Parameters initial config

Output
Optimum values of parameters
Flux points/Flux UL
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Software: LA-Gamma

onfig/Data/WCDA/Mk/Data_20210305_20230731. yanl -
:Cg:f?g/nafg/mm/rmd_;gilonojoizon1.yami(am O Change the name of Data Conflg to select
| DataMap of a period

n
> Flt-yaml “ /home/1haaso/hushicong/Standard prog 1ib/Source

O Available data sample

® WCDA
— 20210305-20220930 (1LHAASO catalog)
— 20210305-20230731
— 20210305-20240131

® KM2A
— 20210720-20220930 (1LHAASO catalog)
— 20210720-20230731
— 20210720-20240131

J0B_TS Crab_Src0.sh

Results/Crab
ParRes.yaml
ConExcess. root




Software: LA-Gamma

» Fit.yaml

/home/1lhaaso/hushicong/Standard prog _1ib/Source

1T19

éonfiq/Data/WCDA/Mk/Data_20210305_20230731.yaml
config/Data/KM2A/Data_20210720_20230731. yaml

O Selection of energy range
® WCDA
— Active: use or not use WCDA data
— NbinUsed: select Nyj; intervals to use
— id of Ny segments: 0 -6
® KM2A
- loga1o(E,. ): 0.6 -3.2

FEC)

J0B_TS Crab_Src0.sh

Results/Crab
ParRes.yaml
ConExcess. root



Software: LA-Gamma

n
> Flt-ya mI ‘ "‘ :/]home/'lhaaao/hush1(.()ng/5tdndald_pr og_lib/Source_ .
WCDA: config/Data/WCDA/Mk/Data_20210305 20230731.yaml B ol
config/Data/KM2A/Data 20210720 20230731.yaml 8
0 2
T a4
42
40—

38

36

300 302 304 306 308 310 312 314
R.A. [ degree |

O Region of interest
® Include
1 Coordinate option
2 Shape option: round or square
3,4 Center of round region
5 Radius of round region
® Exclude
108, TS Crab: Sl 1 Shape option: round or square
2,3 Center of round region
4 Radius of round region

Results/Crab
ParRes.yaml
ConExcess. root




Software: LA-Gamma

» Fit.yaml

/home/1lhaaso/hushicong/Standard prog _1ib/Source

1T19

éonfiq/Data/WCDA/Mk/Data_20210305_20230731.yaml
config/Data/KM2A/Data_20210720_20230731. yaml

O Fitting options

® Fitting: fit optimum values of SED and
morphology parameters
FluxPoint
TS_Src: fit TS of each component
TS_Bin: fit TS of each bin for each source
FluxUL: fit upper limits of flux

J0B_TS Crab_Src0.sh

Results/Crab
ParRes.yaml
ConExcess. root



Software: LA-Gamma

» Fit.yaml

/home/1lhaaso/hushicong/Standard prog _1ib/Source

1T19
config/Data/WCDA/Mk/Data_20210305_20230731.yaml
config/Data/KM2A/Data_20210720_20230731. yaml

JOB TS Crab Src0.sh

Results/Crab
ParRes.yaml
ConExcess. root

O Output options
® Draw morphology map of each source
® fParResu: output the optimum values of the
parameters to the specified file
® fConExcess: output expected excess map to
the specified file



Software: LA-Gamma

» Parlnit.yaml

O Definition of DGE component
® Active: add or not add DGE component
® Templateo: the first DGE component
* Epiv: pivot energy, Eo in spectrum
formula
e SEDModel
— Type: tag of SED model in model
config file
— Fo:initial value, limit range, fix
option and order
® Templatex
o ..




Software: LA-Gamma

» Parlnit.yaml

dust
e /home/lhaaso/hushicong/Standard _prog_li
hTemp_ana

LP

O Global definition of sources
® Epiv: if >0, then Epiv of all sources will be set
to this value
® ParStatus
* Fix corresponding parameters of all
sources




Software: LA-Gamma

» Parlnit.yaml

O Definition of sources
® Srco: the first source component
* Epiv: used if global Epiv<o
e MorModel
— Type: tag of morphology model in
model config file
— Fo:initial value, limit range, fix
option and order
® Srca




Analysis method: Part2

» Analysis of diffuse galactic emission (DGE)

» Different Origins of Gamma-Ray
* Point Sources
* Large-scale extended sources

Dust column density

b [ degree |

* |sotropic Background

s FIJD,GOE+ISM —> 71’ > 2y A

e+ ISM — ¥ bremsstrahlung

e+ ISRF — Inverse Compton scattering ) 4

» Free DGE 7 -8
] -10
» Using published LHAASO results | Uncertainty R e ek
° KM2A DGE from DGE
* 1LHAASO catalog B
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Analysis method: Part2

» Nested model
* aregression model that contains a subset of
the predictor variables in another regression
model

* TS asymptotically follows Chi2 distribution
> AIC = —2InLg,p, + 2k

Dec. [ degree |
-
Dec. [ degree |

i « AAIC
27-6 278 280 282 284 286 288 290 R222(§e9;re§9]6 27-6 278 280 282 28B4 286 288 290 R2%2[§2;(e§9]6 S > Test
* Number of sources
» Test «  1LHAASO catalog
* Number of sources * Iteration process
* Spectrum model  ATS>2g
* Morphology model * Spectrum model & Morphology model
 ATS orAAIC
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hushicong@ihep.ac.cn

https://jupyter.ihep.ac.cn/8FA_ioKoQsqqHcidpEA1gA
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