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* PartO: Brief review of gamma-ray sources

detected by LHAASO
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TeV Gamma-ray Sources

Source Types

’ PWN TeV Halo
PWN/TeV Halo

6 XRB Nova Gamma BIN
Binary PSR

6 HBL IBL GRB FSRQ LBL
AGN (unknown type) FRI
Blazar

6 Shell Giant Molacular
Cloud SNR/Molec. Cloud
Composite SNR
Superbubble SNR

. Starburst
[ DARK UNID Qther

6 Star Forming Region
Globular Cluster Massive
Star Cluster BIN
uQuasar Cat. Var. BL
Lac (class unclear) WR

~300 TeVCat sources and its identification
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Extragalactic:

1. AGN(Blazars,radio
galaxy)

2. Starburst

3. GRB

1. pulsar+SNR+PWN

2. Star Cluster/SFR

3. Binary (HMX)

4. Cloud+CRs?
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>100 TeV
43

69 WCDA sources,75 KM2A sources, 43 UHE sources



I 8 Sources

Mrk 421 1ES 1727+502 Mrk 501
z=0.031 z=0.055 z=0.034 z=0.002
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- 58 sources with TeVCat+3HAWC association
* 32 new sources ( 25+7) ol
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UIND, 40
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only, 8 — SNR, 6
’ Massive Cluster, 1 Binnary, 2




For example: Data analysis for LHAAO J2108+5157

Erec > 100 TeV,S=8.50
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Dedicated Analysis:

1. Sky map (significance map)
2. Spectrum
3. Multi-wavelength
association
(Molecular Cloud? Gas?
Radio, X-ray?)

2021ApJ...919L..22C, Pirola et al 2023
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e Partl: basis of LHAASO gamma-ray data

analysis




LHAASO & 'J

Large High Altitude Air Shower Observatory

Photon Cosmic Ray
A Extensive Air Shower (EAS) CosnicRay ..

primary

=20 km height

e 3
Particle Composition
at ground:

. = 80 % photons

VgV x = 18 % electrons

/ = 1.7 % muons
// = 0.3 % hadrons

: / ~ 108 secondaries
. / | for 1015 eV proton
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Basis of LHAASO Observation e
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Experiment data

RAW Data

= KEvem

2% TObject
t ev._n
Ry mid
tm
* fs
: * nhit
t nmd
Fxondl
L * theta[]
: * nfit
: toore,x
i *oore_y
tco
* a
’ b
’r
* x2
E"-Kh“’
* hits.id
* hits.mode
’ hits.ns
% hits.qa
& hits.qd

* hits.peakTimeAnode
t hits.peakTimeDynode
& hits.peda

t hits.pedd

& hits.tag
t hits.oe
% hits.x
‘ hits.y
% hits.z

i ,& hits.t0
& hits.t

Rec Data (y+CR)

= |nt1

’ Nevent

R

-y NNRE

t Nf#tE
’ NhitM

: & NfathM
& NpE1
t NpE2

- 3ga NOE3

i t NuM1
t NuM2

: ’ r_Corex

i * r_Corey

i & r_Theta
& r_Phi
& r CO

& a

i & chi
t NtngE

Ry NingE2

i ‘ size
& age

SR

3y "MD50

i ’ nMD100
’ nMD200
’ chiE

i ’ ndfE
’ sizeM
t ageM

’ chiM

i ’ ndfM

1. Nevent: BRITIFHHIEEK

2. Mjd: Z9{tfimgs H

3. NhitE: 3HE6]H ED 5] hit %

4. NfitE: JEE shower Bi4if-50ns % 100ns. FEEGEL 200m LAY ED %1

5. NhitM: £EE#H ED B3 hit % 6

6. NfiltM: B shower Rij4#%7H-30ns % 50ns. FEBLINL 200m LA MD %

7. NpEl: PEE shower Ri#7i-30ns Z 50ns. FEEGEAL 100m LA Y EBOR 40
8. NpE2: PEE shower Bij4%THi-30ns Z 50ns. BEEGFAL 40-100m LA Y EERERLF-4L
9. NpE3: JHES shower R4 MHi-30ns & 50ns. BEEGEM 200m LA Y HERER: F4L

10. NuM1:

11. NuM2:

12. NuM3:

13. NuM4:

PE S shower R%MHI-30ns & 50ns. BEEDINL 15-200m DAPY 275X
P shower R4MHI-30ns & 50ns. BEEGINZ 40-100m DA 9275
PE B shower R4H-30ns Z 50ns. FEETEAL 40-200m LA A9 T4
PE B shower Ri4H-30ns Z 50ns. FEELEAL 15-400m LA A9 T4

14. r_Corex: E#: shower ;WiZ x A4r (AL NIE, bW PY 0.61°)
15. r_Corey: HEHt shower ;&7 y A&F5 (FEHIE)
16. r_Theta: EEFEHIHHIHI KT

path: /eos/lhaaso/rec/km2a/
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Gamma-like Rec Data and Sky Cube QZQQS%M,;

/home/1lhaaso/x1shaogiang/lhaaso/

rec_phi i = 0.393799 data/pass3_full/data.fits
rec_theta = = 0.648655

tra = -0.228925
tdec  EHINE _ _p 0978232

ra_J2000 prEssE= 3.72014

[xishaoqiang@1xlogin@@3 pass3_fu
root [0]

Attaching file data.root as _file
(TFile *) @x25616b0

dec_J2000 = -0.0961715 root [1] .l1s

glon ey = O . 88105 TF1le** data.root

glat = 0.906139 TFile* data.root
rZmoon 4496 KEY: TH3F all_sky_cube_on;
rZsun fﬁ?gﬁ}ﬁ” il KEY: TH3F all_sky_cube_bg;
rec_E = 1.33339 KEY: TH1D header;1

pcut Gamma/p%féﬁuf}‘ KEY: TH3F gll_cube_on;1
mjd 58970 / KEY: TH3F gll_cube_bg;1




LHAASO Sky Map (Counts Maps)

(1-25 TeV) Excess Map
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Questions?

Nhit number: 200 - 300
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Is there a source?

If there is, what is its location?
What is its morphology?

What is its flux?

What is its spectrum(flux in each
bin)?

How can | answer?
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I Maximum likelihood Analysis and Hypothesis Test  sszsamums

Maximum likelihood Estimation: Hypothesis Testing:
e Experiment: n events; * Source detection:
HO: A= CR+GDE
* Model: A(68) = CR+GDE+S(6) H1: A(6) = CR+GDE+S(0)
P(n/a)=2e TS = 2(InL; (1)- InLy (1))
InL(A) = nind — A — In(n!) * Extended Test:
olnL mn -0 HO: A(6) = CR+GDE+S,(6)
AL 1 H1: A(68) = CR+GDE+S.(6)

. TSext = 2(InLy(4)- InLy (1))

"'\'rbins
Il Nsisl@) = Z InP(N?,_|0)

§=0
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* Part2: gamma tool (gt) introduction

* gtselect
e gtsrcmap
e gtlike
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1. gtselect

* Configuration file: bg.yaml
selection:
all sky map: /home/lhaaso/xishaogiang/LHAASO Analysis/data/data 1LHAASO/data.root
roi map: roi_ccube.root
roi x range: [84,78.9,87.3) # ra bins,ra min,ra max; interval must be 0.1 degree
[80,18.1,26.1) # dec bins,dec min,dec max;

[17,0.0,3.4] #bins,logl0O(e min),logl0(emax);

roi y range:

roi e range: interval must be 0.2

0.0-1.0: represent WCDA data; 1.0-3.4 represent KM2A data;

* Run: gtselect bg.yaml

-bash-4.29% 1s

bg.yaml <roi ccube.root »

interval must be 0.1 degree

no
~

D
w

ro
D

ro
—

=]
(=3

=]
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2. gtsrcmap (CR BG) bass s

Nhit number: 200 - 300

* Run: gtsrcmap bg.yaml )

24

selection: 2
all sky map: /home/lhaaso/xishaogiang/LHAASO Analysis/data/data 1LHAASO/data.root B
roi_map: roi_ccube.root 22 9%

III|IIII|IIII|IIII|IIII|
|

roi x range: [84, 78.9, 87.3]

roi y range: [80, 18.1, 26.1]

roi e range: [17, 0.0, 3.4]
source dict:

iso bg: ### Cosmic-ray residual background;

sed model: 79 80 81 g2 83 84 85 86 87

sed type: PL log10(Erec) TeV:2.0-2.2 TeV

norm: [1, 0, 0, le-14] —
index: [2.7, 0, 0]
E 0: 10

spatial model:

src map: iso bg srcmap.root
spatial type: iso bg

-bash-4.2% 1s

bg.yaml < 1so bg srcmap.root = roi_ccube.root



2. gtsrcmap (GDE BG) tudsso

Nhit number: 200 - 300

I gtsrcmap bg.yaml

source dict:

iso_bg: ### Cosmic-ray residual background;

9 sed model:

10 sed type: PL

11 norm: [1, 0, 0, le-14]

12 index: [2.7, 0, 0] I' 5 t 235 d g°

13 E 0: 10 * o e ’

14 spatial model: b . 20 20 d

15 src_map: iso bg srcmap.root « = to eg;

o R el 79 8% 8 & 8 & 8 86 &
17 gll bg: ### Diffuse Background considering plafik dust distribution log10(Erec) TeV:2.0-2.2 TeV

18 sed _model:

19 sed type: PL

20 norm: [5.63, 0.9314, 0.9314, le-15]

21 index: [2.82, 0.1032, 0.1032]

22 E 0: 50

23 spatial model:

24 src_map: dust gll bg srcmap.root
spatial type: file map

26 template cutting: /home/lhaaso/xishaogiang/LHAASO Analysis/data/data_ 1LHAA$6/gll dust.root
template_h2d name: gll region

28 template root path: /home/lhaaso/xishaogiang/LHAASO Analysis/data/GD emplate/gll dust.root

-bash-4.2% 1s

bg.yaml ‘dust gll bg srcmap.root’ 1so bg srcmap.root roi_ccube.root




7 source_dict:

8

iso_bg:

sed_model:
sed_type: PL
norm: [1, 0, 0, le-14]
index: [2.7, 0, O]
E ©: 10

spatial_model:
src_map: iso_bg srcmap.root
spatial_type: iso_bg

each_bin:
real E: [0.10, 0.30, 0.50, 0.70, 0.90, 1.10,
real_E error: [0.10, 0.10, 0.10, 0.10, 0.10,
R 68: [0.00, 0.00, 0.00, 0.00, 0.00, 0.00, O

gll_bg:

sed_model:
sed_type: PL
norm: [5.63, 0.9314, 0.9314, le-15]
index: [2.82, 0.1032, 0.1032]
E_©: 50

spatial_model:
src_map: dust_gll _bg srcmap.root
spatial_type: gll_bg
template_cutting: /home/lhaaso/xishaoqiang/L
template_h2d_name: gll_region
template_root_path: /home/lhaaso/xishaoqgiang

each_bin:
real E: [0.20, 0.46, 0.68, 0.96, 1.27, 1.07,
real_E error: [0.38, 0.33, 0.30, 0.28, 0.26,
R 68: [0.00, 0.00, 0.00, 0.00, 0.00, 0.00, O

I gtlike bg.yaml bg.yaml

39 output _option:
gtlike:

Error_status: 1
negative loglike: -30322215.0

HO: CR BG+ GDE BG (bg.yaml)

In £,: —(—30322215.0)

LHAASO N 4
Jy ik K5 F 5 AL 3k



* Run:

gtsrcmap src.yaml

gll bg: ### Diffuse Background considering plank dust distribution

sed model:
sed type: PL
norm: [5.63, 0.9314, 0.9314, le-15]
index: [2.82, 0.1032, 0.1032]
E 0: 50
spatial model:
src_map: dust gll bg srcmap.root
spatial type: file map
template cutting: /home/lhaaso/xishaogiang/LHAASO Analysis/data/data 1LHAASO/gll dust.root
template h2d name: gll region
Snp . Lad
J0534+2200: ### crab
sed model:

sed type: PL

norm: [1.2621, 0.0000, 0.0000, le-14] ## [value, error/range, error/range, scale]
index: [2.7715, 0, 0] ## [value, error/range, error/range]
E 0: 20.0

spatial model:
src_map: J0534+2200 srcmap.root
spatial type: ps
ras 1183:6215,; 0,207

K dec: [22.0159, 0, 0]

150 _bg srcmap.root.

J0534+2200 srcmap.root

2. gtsrcmap (Crab map)  wveyemisrcyam

roi_ccube.roo

Decl.{degree)

LHAASO N

By s K F F R ALk
Nhit number: 200 - 300(log10(E)~0.46 TeV)
5 %
e F —45
8 sf e
80 The sizeis 3¢hgg | .
233— —30
223—
213—
205—
oF-
i L1l | 1111 ‘ L1l | | ‘ 1111 ‘ L1l ‘ 1111 ‘ L1111 | 1 0
79 8 8 8 8 8 8 87
R.A. (degree)
log10(Erec):2.0-2.2 TeV(log10(E)~2.06 TeV)
% —35
253— —3
242— N,
A The size is 3¢gg
E —2
2
c 15
21
r 1
20—
192— -
i L 11l ‘ L1l | | - | L1l ‘ L1 11 ‘ L1l ‘ 1111 ‘ 1111 | 1
79 80 81 68 8 84 8 87

86
R.A. (degree)



gtlike src.yaml src.yaml|

7 source_dict: J0534+2200: J0534+2200:

8

9
10
11
12
13
14
15
16
17/
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

35
36

iso_bg: sed_model: sed _model:
sed_model: sed type: PL sed type: PL
sed type: PL norm; [1.2621, le-5, le5, le-14] norm: [0.9788, 0.0084, 0.0084, le-14]
norm: [1, O, € = index: [2.7715, 0, 10] index: [2.8346, 0.0043, 0.0043]
index: [2.7, O, EO: 20.0 E ©: 20.0
E©: 10 spatial_model: spatial_model:
spatial_model: src_map: J0534+2200_srcmap.root src_map: J0534+2200_srcmap.root
src_map: iso_bg srcmap.root spatial_type: ps spatial_type: ps
spatial_type: iso_bg ra: [83.6215, 81.464189, 85.778811] ra: [83.6228, 0.0015, 0.0015]
each_bin: dec: [22.0159, 20.015900, 24.015900] dec: [22.0152, 0.0014, 0.0014]
real E: [0.10, 0.30, 0.50, 0.70, 0.90, 1.10 each bin: G €acn_pbin:
real_E error: [0.10, 0.10, 0.10, 0.10, 0.10 re;'l_E: [0.20, 0.46, 0.68, 0.95, 1.27, real_E: [0.20, 0.46, 0.68, 0.95, 1.27,
R 68: [0.00, 0.00, 0.00, 0.00, 0.00, 0.00, real E error: [0.38, 0.33, 0.30, 0.28, real E error: [0.38, 0.33, 0.30, 0.28, ¢
gll_bg: R_68?T0.73, 0.46, 0.37, 0.30, 0.25, R 68: [0.73, 0.46, 0.37, 0.30, 0.25, 0.]
sed_model: statistics:
sed_type: PL TS: 96544.478

norm: [5.63, 0.9314, 0.9314, 1le-15] ouLpuL_opLiori.

index: [2.82, 0.1032, 0.1032] = Nnorm % (E/E 0)—mdex gtlike:
E_©: 50 Error_status: 3

spatial_model: negative loglike: -30370487.2
src_map: dust_gll bg srcmap.root

2::;:1;2%21ﬁz_'jﬁome/lhaaso/xishaoqiang/ ¢ H 1 : C R BG+ G D E BG +C ra b (S rC -ya m I )

template_h2d name: gll_region

tmp}atce_rootyath: /home/1haaso/x1ishaoqiang |n Ll — —(—30370487 2)

each_bin:
real_ E: [0.20, 0.46, 0.68
real_E error: [0.38, 0.33



ISummary configuration file

1 selection:
all_sky map: /home/lhaaso/xishaoqiang/LHAASO Analysis/data/data 1LHAASO/data.root
roi_map: roi_ccube.root

roi_x range: [84, 78.9, 87.3]
roi_y range: [80, 18.1, 26.1]
roi_e range: [17, 0.0, 3.4]

Selection data

7 source_dict:
8 iso_bg: gLl _bg:
9 sed_model: sed_model:

10 sed type: PL sed_type: PL

11 norm: [1, 0, 0, le-14] norm: [5.63, 0.9314, 0.9314, le-15]
” A > index: [2.82, 0.1032, 0.1032]

12 A nuex:ss[257-9 e e EQ: 50

13 EO: 10 spatial_model:
14 spatial_model: src_map: dust_gll bg srcmap.root
15 src_map: iso_bg srcmap.root spatial_type: gll_bg

template cutting: /home/lhaaso/xishaoqgia
template_h2d name: gll_region
template root path: /home/lhaaso/xishaoq

CR BG GDE BG

16 spatial_type: iso_bg

56 output_option:

57 gtlike:

58 Error_status: 3

59 negative_loglike: -30370487.2

Output likelihood

JO534+2200:
sed_model:
sed_type: PL
norm: [0.9788, 0.0084, 0.0084, le-14]
index: [2.8346, 0.0043, 0.0043]
E O: 20.0

spatial_model:
src_map: J0534+2200_srcmap.root
spatial_type: ps
ra: [83.6228, 0.0015, 0.0015]
dec: [22.0152, 0.0014, 0.0014]

Point source




I Summary tool
* gtselect: selection the data.

* gtsrcmap: get the map expected by source
model (such as: CR BG, GDE, point source,...)

* gtlike: estimate the model parameter,
calculate the likelihood value.

Tool is easy! Let’s go to design our script.



How to get spectral point?

1 selection:
all sky map: /home/lhaaso/xishaoqiang
roi_map: roi_ccube.root
roi_x range: [84, 78.9,
roi_y range: [80, 18.1,
roi_e range: [17, 0.0,

J0534+2200:

sed model:
sed type: PL
norm: [0. 9}86, 0.0084, 0.0084, le-14]
index: [2.8346, 0.0043, 0.0043]
EO:

spatial model:
src_map: J0534+2200 srcmap.root
spatial_ type ps
ra: [83.6228, 0.0
dec: [zt.@;wz, 0.0014,

1 selection:

39
40

42
43
44
45
46
47
48
49

all sky map: /home/1lhaaso/xishac
roi_map: roi_ccube.root

roi_x range: [84, 78.9, 87.3
roi_y_range: [30, 18.]

roi_e range: [1,

J0534+2200:

sed model:
sed type: PL
norm: [1.3046, le-5, le5, 1.0e-11]
index: [2.8346, 0, ©
2k

spatial_model:
src_map: J0534+2200 srcmap.root
spat1a1 type ps

L 15 30

gtselect
gtsrcmap
gtlike

J0534+2200:

sed model:
sed type: PL
norm: [1.1722, -0.009
index: [2.8346, 0, 0
EO: 1.6

spatial_model:
src_map: J0534+2200 srcmap.root
spat1a1 type ps
ra: [83.6 0015




How to get spectral point?( )

Set src.yaml :

56 output option:
57 gtsed:
58 sed folder: JO534 sed

59 e bin set: [

gtsed src.yaml J0534+2200

Power-Law spectrum can not
describe crab SED well!

1010

= [ =
< < <
= = =
w N =

EZ dN/dE (TeV cm™2 s71)

=

<
[ay
Py

—— best fit(index:2.83)
Uncertainty
WCDA

KM2A
WCDA(1LHAASO)
KM2A(Science Paper)

Ll L 3

100

100102 103
Energy (TeV)




358 45 15 AL 2

How to Change the SED model?

21 #Broken Power Law SED model:

1 #Power Law SED model
22 sed model:
2 sed_mOde]': 23 sed type: BPL
3 sed type: PL 24 norm: [0.1707, 0.01937, 0.01937, le-17]
4 norm: [1.1613, le-5, le5, le-14] 25 indexl: [2.1832, 0.17256, 0.17256]
, . 26 index2: [4.1925, 0.17096, 0.17096
5 index: [3.0465, 1, 5] - incexss I ]
A 27 E b: [250.4132, 0, 0]
6 E_O: 20 28 #IC CMB SED model: (Considering a EPLC electron spectrum)
7 #Log-Parabola SED model 29 sed_model:
8 sed model: 30 sed_type: IC
31 : [0.9988, 0.4645, 0.4645, led5
9 sed type: LP : o e45]
= 32 index: [2.8795, 0.0868, 0.0868]
lO norm: [5.2373, —0.3041, 0.3030, 1e-15] 33 E_b: [3000, 218.0425, 218.0425]
11 indexl: [2.0172, =0.1632, 0.1507) 34 E 0: 1.0 ## Tev
12 index2: [2.0149, -0.2659, 0.2878] 33 £ Bo: S 1000 st e
. 36 t ph: 2.7 ## CMB T (K
13 E 0: 20 - - i
== 37 edens_ph: 0.25 ### CMB density (eV)
14 #Power Law expcutoff SED model 38 #Hadronic SED model: (Considering a EPLC proton spectrum),
15 sed _model: 39 sed_model:
16 sed type: PLC a8 sed_type: PP
41 s [3:1678, 2.1211, 2.1211, led6
17 norm: [1, 0, 0, le-14] , nome A
_ _ 42 index: [1.9932, 0.1157, 0.1157]
18 index: [3, 0, 0] 43 E b: [2138.3607, 769.6618, 769.6618]
19 E b: [40.3,0,0] 44 E 0: 1.0
20 E 0: 20 45 d_pc: 1000 ## pc

46 n H: 1 ## target H density (1/cm3)
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J0534+2200:

sed_model:
sed type: PL
norm: [0.9788, |
index: [2.8346, |
E9: 20.0

spatial_model:
src_map: J0534+2200 srcmap.root

spatial_type: ps

ra: [83.6228

56 output_option:
57 gtlike:
58 Error_status: 3

59 negative_loglike: -30370487.2

TS Map :

Create a grid of position, calculate the likelihood for a source in each position

39 JO534+2200:

40 sed model:

41 sed type: PL

42 norm: §0.9643,

43 index: [2.8333, O

44 E0: 20.0

45 spatial model:

46 src_map: JO534+2200 srcmap. root
4] spatial type: ps

43 ra: [83.7228,

) dec: [22.0

56 output_option:

57 gtlike:

58 Error_status: :
59 negative_loglike:

gtselect
gtsrcmap
gtlike



300 Set src.yaml :

250 2
39 output_option: 56 output option:
40 gtlike: . : 200 57 gtlike:
41  Error_status: 1 g 22° 1502 B Error_status: 3
42 negative loglike: -30322215.0 100 59 negative_loglike:
43  gttsmap: ° 60 gttsmap:

tsmap_folder: src_tsmap
62 tsmap x range: [84,
63 tsmap_y range: [80,

tsmap_folder: bg_tsmap
45 tsmap x range: [84, 78.9, 8,
46 tsmap y range: [80, 18.1, 26.1

gttsmap bg.yaml )

@ 22°
o

Pulsar(E > 10**erg/s)
O SNRor PWN
< 4FGL

gttsmap src.yaml

20°



How can | get its morphology?

21 #Halo-like spatial model

1 #point-like spatial model - e 46 #Rectangle spatial model
: : P = ) 47 spatial model:
2 spatial model: 23 src_map: J0542+2311 srcmap.root : -
. ] b : . iR 48 src_map: J0206+4307_rec_ srcmap.root
: Src_fap: crad_srcmap.roo o > —IDes 49 spatial_type: rectangle
4 spatial type: ps jz :a’ [8:;5222; 00032;8 06032‘;; 50 ra: [31.6266, 0.0853, 0.0853]
: ec: . b (05 R0
5 ra: [83.6205, 82.6, 84.6] - [ : 51 dec: [43.1250, 0.0003, 0.0003]
: 27 ext: [1.0699, 0.0612, 0.0612] - d Sl 0ol ol
6 dec: [22.0356, 21.03, 23.03] 28 #Ellipse disk sptial model ) a_cegs L« T T ]
7 #Gaussian spatial model o Boatial model: 53 b2a: [0.0742, 0.0007, 0.0007]
: : - 54 alpha: [14.1273, 0.0588, 0.0588]
8 spatial model: 30 src_map: J0542+2311 srcmap.root
- 31 tial t . elli disk 55 #0Other shape using a th2d expression
9 src_map: J0542+2311 srcmap.root e e R e c6 e e
h N : 32 ra: [85.5090, 0.0874, 0.0874] ‘ - £
spatial type: gausslan 33 dec: [23.0482, 0.0698, 0.0698] 5/ src_lflap: flle_b?_srcmap.root
11 ra: [85.5090, 0.0874, 0.0874] 34 a_deg: [1.0699, 0.0612, 0.0612] 58 spatial type: file map
12 dec: [23.0482, 0.0698, 0.0698] 35 b2a: [0.1, 0.0, 0.0] 29 e e
13 ext: [1.0699, 0.0612, 0.0612] 36 alpha: [30, 0.0, 0.0] 60 template root path: file th2d.root
14 | #pisk spatial model 37 #Ellipse gaussian spatial model
7 . 38 spatial model:
L3 spatial_model: 39 src_map: J0542+2311 srcmap.root
.].6 SrC_map: J0542+2311_Srcmap.r00t 40 spatlal_type: ellipse_gaussian
17 spatial type: disk a1 ra: [85.5090, 0.0874, 0.0874] Eight Spatial Model
18 ra: [85.5090, 0.0874, 0.0874] 42 dec: [23.0482, 0.0698, 0.0698]
43 a deg: [1.0699, 0.0612, 0.0612
19 dec: [23.0482, 0.0698, 0.0698] —asdi ol ]
44 2a¢ [001,00.0,20.0]
20 ext: [1.0699, 0.0612, 0.0612)

45 alpha: [30, 0.0, 0.0]

TR . -



How to get the Light curve?(

In the future: just change the path of all_sky map.

1 selection:

all sky map: /home/lhaaso/xishaoqiang/LHAASO Analysis/data/data 1LHAASO/data.root
roi_map: roi_ccube.root

roi_x range: [84, 78.9, 87.3]
roi_y range: [80, 18.1, 26.1]
roi_e range: [17, 0.0, 3.4]

Sky map for every day is in preparing!

Connect with me or Pro. Chen.



Other tools

THEAZS hRe<

gtselect SEIG R EEPE TR, S ASE R X Hda R E R kS <

gtsrcmap<’ BAURETHRE TR, SEIUNAS R AR v P R )&
FLFE R AL 1 DA K PSF H%E; ©

gtlike< AR TR, SR RBRARMTT, MeESHRE
T EURIRESE; <

gttsmap¢’ SEEREERTE, python HA; <

gtsed< Re AR T E, python iA; <

gtlce AR T A, python iA; <

gtirfse WS R B R TR, SEEA iR, iR sE, HEm

MNERE; <

fkb2gal sky<

REIRFEH; <

root2fits. py€

root TH2D # 3\ EFHE fits #EAAF; <

fits2root. py<’

Fits A4 2) root TH2D #3(; «

gtobssim¢’

HFa R, PAERBREEE; ©

gttsmap one<’

PALRFE R EVE map AR T E, ZTEMHT gttsmap N
ff; <

optimize eachsrc sed<

VRSN TR, FESEH AR R B s
s <

optimize eachsrc¢

FERMA TR, FELHFEMESHHRN; <

gtlikeProf<

MASCH = AR — S HH likelihood $EFHE; <

tune yaml<

%5 yaml XHETHE; <

plot map. py<

HRKETHE; <

plot sed. py¢

H SED T.H; «

get new fits.py«

Fits XABBEERETH,

,/<:: |

LHAASO iM
Iy o8 K F ¥ 15 AL gk

\-1,

Tool + *** yaml or (key)



Make available the tools

You don‘t need to install it, but
1. You need to a IHEP serve account.

2. You just need to
source /afs/ihep.ac.cn/users/x/xishaoqiang/.bashrc_everyone

3. A guide for analysis:
https://jupyter.ihep.ac.cn/y_BDDe77RYUEL1jAWS5kVBA/publish






I Maximum likelihood Estimation (MLE)

e Parameters can be estimated by maximizing
likelihood. Easier to work with log-likelihood:

InL£(©) =InL(0|X) = > In P(x;|O)

e Estimates of {4} from solving simultaneous
equations: 9ln L
=0

09 {6k} (6—8)2

e For one parameter, if we have: £(@) ~e 25
then: 6?InLC

002 |; o3

so 2nd derivative is related to “errors”

1 Gaussian
approximation




LHAASO N

I For the Event Counting experiment BTG M
e Experiment detects n events (e.g. y rays)

e Model: Poisson process with mean of of A:
AP

n!
e Log likelihood: In£(A) =nlnA — X —Inn!

P(z]6) — P(n|)\) =

e ML estimate and error in Gaussian regime:

oOlnL n .
X\ *
i 82 In £ n 2 Gaussian

2 2 L approximation
o5 OA% |5 )2




LHAASO N 4%
LHAASO Performance .
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Energy 0.5TeV—afewPeV 14% ( 100 TeV, % - —— * ‘ ‘H&;‘:;\@%Q . %
5 — e 2
u_:_s : .-.--.—- -.-:_.— : ‘0’3
x | = —C— : =
TR T
107 =1
 The Best 100 TeV (UHE) = ek
— Differential flux sensitivity (50 h) -
' — 1 1 lllIIII 1 11 IllIlI lIllI 1 1 IIIIIII —
Gamma-ray Observatory ! 10° 10" i 10 107

Reconstructed Gamma-ray Energy ER (TeV)

LHAASO UHE Era!



amma—ray Source

400 TeV - 600 TeV.
600 TeV - 1 PeV
® >1

Flux (ergem?s™)
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o q - * LHAASO-KM2A

£ 3 ] 10°
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Science, 373, 425 (2021)
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