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The un-binned method using the energy and the angular
resolution of muon tracks

Extended Sources Modeling

Discovery Potential of RXJ1713-3946 using the Source
Morphology
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Combined Signal of Clusters and Isolated Sources



Reminder of the Un-binnned method //* Signal
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Energy and Angular distributions

Reconstructed Energy Distributions for Signal (E-2 spectrum) and Atm. Neutrino Background
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Likelihood estimations

N total

L(v.N)=]] P(6,.9,.En.6,: V. N,)

i=1

Point source 6=-60° and R ,,=0.6° Detector: 308 Towers-
180m distance

True Values: 15 Signal Events on top of 15 background events
with y=2
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Discovery potential of known galactic sources

(6,.0,.E. 0037 )= P7(0,.4,)- P (E,..0,:7)

3|gnal signal signal

P _Pangle( ¢y) Pbir;ergy(Em’ m)

bck bck

Jp. (0.4,.0,

total

( ¢y’ m’Hm’% s) NN 5|gnal( x’¢y’ m’Hm;)/)-l_(

total

mB
M=M; +M; =Mg; +M —> M=
N
total 1— S
I\Itotal
mNtotaI e_m Ntotal
L(N,)= T T1R(6..4,.E,.0,:N,)  Extended Likelihood
total * i=1

Two hypotheses:
* the data sample is only background (null hypothesis)
*The data sample contains signal events (discovery)

L (NS ZO)
Test statistic: A=-2-In OL(NS)




Distribution of A and Discovery probability

Distribution of A when N signal events are
present on top of background
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Discovery probability and integrated flux
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If r is the mean number of expected signal from a source then we expect 0, 1, 2, 3, 4,...
tracks to be observed with probabilities according to the Poissonian probability function
P(n;r).

Consequently, the Discovery Potential for r expected signal tracks is the convolution of
the discovery probabilities for certain number of tracks with the corresponding
Poissonian probabilities for mean equals to r



Modeling the Spatial Distribution
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Flat disk treatment
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RXJ1713 Morphology

Simulate the v emission to follow the (raw) VHE gamma emission topology
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RXJ1713
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Detector Geometrical Layout

Strings: 616 strings with 100m inter string distance. Each string comprise 20 Multi PMTs,
40 m apart.

Detectors Footprint
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RXJ1713
Source | Sueldegrees) | Fux (v cmis3, Einev

RXJ1713.7-3946 Radius = 0.65° 1.68*1011*(E-1-72)*exp(-sqrt(E/2.1))

Required Flux (in units of the source flux)
for 50% discovery probability (50)

4,00
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Galactic Plane Sources

TABLE 1

H.ESS. Carauoa Soumces

dN,,,

Smracrmoal. Plams s E =1 TeV E, =5 TeV
-
Soumce Name Resmenre {deg) Vimsmrry k.. I, e, N N N N
Source Class 1 (SNRs)
RX NIT37-3%6.. 1 13 .74 15.52 1.72 135 T-14411) 41 26-6.7 (4.8) B2
RX JORSZ O —4a22 2 0 B3 16.76 1.78 L% T-15411) 1im 1865 (4.2) 21
HESS J1ad(—4a5. 5 1 83 083 241 0A4-33(22) BT -2.1 {1.3) L%
HESS 11745— 20" 4 <kl 165 RS 22% LI1-27 20 64 5-18({13) 13
HESS J18534—(87... 5 02 .54 GR 245 G2-1.741.1} el -1.1 §0LT) L2
HESS 11713—-381........... 5 1 .73 023 228 00-1.5 {6) 12 0-1.1 (04) 14
Sumis for source class 1. o 173 -~ 12 35
Source Class 2 { Bmary Systems)
LS 5039 1_|M|"1:.'_:|h - ] L1 .57 250 1.61 Lin 0307 {0.5) 15 (k103 {0.2) L5
L% 505 (SUPC)Y. L3 1 057 026 251 0.1-03 {0.2) 30 0002 {(01) (1]
A e R P 1 <Ll 1AWy 134 7 0.1 0.9 (6] @1 04 {(1.3) L7
Source Clags 3 { Mo Counterpans &l {ther Wave lengiths)
HESS N3E—031 e R 3 1Ky 11.9% 12% 021 0DE-23 (1.8) 11 (105 {1.3) 21
HESS J1M5—305. .. 5 L4 LIX:0 1.1 1.7% =18 (%) Sy 16 (7) L4
HESS 11614—518. .. 5 05 1MWy 241 244 1-10 {6) % -6.7 (3.7) 4.0
HESS J1E37—06%9. 5 02 .53 1.65 227 12-45{33) 5% 04-32322) L2
HESS J1634—472. 5 02 (RS LTS 236 0-3.1 {1.7) 98 -22(1.1) 0
HESS JTNE—A4T11. ... ..... 5 L1 .76 k44 233 L1-14841.1) 1.6 (Rl —1.1 {i.7) 1.5
Sums for sounoe class 3. ~23 63 15 13
Source Clas 4 {PWN)

Vela X 9 [ 181 11.75 098 LB -3 {1&) 3 5-15 {10) 4.6
HESS J1825—137. 10 [%] .57 LT3 24 4.4 5— 1 (B) 93 22-52(3.7) L%
Crab Nebuls......... 11 <Ll 039 3% 218 L7 4.0-76(58) 532 1.1-27(1.9) L1
HESS J1632—478. 5 L3 .87 1.87 211 15 (%) 12 =12 (7) 14
MEH 15-52 ... 12 02 1AWy 189 227 34-96(1.1) LU 1.5-6.6 (4.7) 0
HESS J1616—504. 5 03 1AWy 211 236 20910 (6.6) 14 h3-59(4.1) EAL
HESS 11420—a017. 13 1 1AWy 1.1& 235 20-63 {(4.8) 98 0.7-44(3.1) 19
HESS 1141 8—al. 13 L1 1.0 94 219 1.7-6.1 {4.2) G5 LE—435 (3.0 1.9
HESS J1813—178.. 5 1 .59 0% 208 0.7-4.6(32) 58 02-3.6(24) L1
HESS JTN2—420. ... 5 02 077 K2 232 h5-33(1.1) K4 R -23 (1.4) 1.7
HESS J1804—216. 5 4 61 149 273 0.6-20(1.5) R4 L1-1.00 {(0.7) 17
LEILUR oy | - 14 <kl 65 327 231 0103 {l6) 62 006 (0.4) 1.2
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Source Grouping
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Source Grouping Modeling

* Assume a disk large enough to contain the sources
* Collect N events for a certain experimental time
* Apply some technique like in RXJ1713 source
morphology method but:
* numbers of bins 2 number of sources
» Different profile for each source
* Different energy distribution for each source

Nsources

P (08, E)= . WP (0,0, T s (E)
i=1

signal—source—i

ng N
Ptotal (gx ’¢y’ E) = ﬁ signal + [1_ Nj I:)back

ng: Signal events > HESSJ1708-410
‘ HEss11702-420
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Distribution of signal events
inside the search disk
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HESS)1640-465 HESS)1634-472 HESSILE32-478

HESS J1708-410
RX J1713.7-3946 HESS J1640-465 HESS J1632-478 HESS J1614-518

HESS J1713-381 HESS J1702-420
345

Galactic Latitude (°)

Galactic Longitude (°)

I T N N A

HESSJ1640-465 0.05 16:40:43.2 -46:31:48 0.93 2.41
HESSJ1634-472 0.1 16:34:57.6 -47:16:12 0.64 2.36 -
HESSJ1632-478 0.15 16:32:9.6 -47:49:12 1.87 2.11 -



Disk center: RA=16:35:56.8 6=-47:12:24 Radius=1.91 degrees

— °f Expected number of background events (5 ys) = 94.8
:CE ) HESS)1634-472 HESSJ1640-465
< A(RA) A(8) Expected
L - (with respect to (with respect to number of
i disk center) disk center)
or events (5 ys)
- HESSJ1640-465 0.67 1.19 2.6
-2 _
L | HESSI1634-472 -0.06 -0.24 2.1
3 -2 -1 0 1 2 3
A(8)
HESSJ1632-478 -0.61 -0.94 12.95

Nexp (5 ys)/

HESSJ1632-478

1,8 *\

16

1,2 \
08 \\‘\

>° T,
0,4

0,2

for 50% discovery probability (50)
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Required Flux (in units of the source flux)




VELAX RXJ0852.0-4622

300 280 260

I -“-ﬂ

HESSJ0835-455 8:35:00 -45:36:00 11.75 0.98 0.84
HESSJ0852-463 1.0 8:52:00 -46:22:00 16.76 1.78 1.19



Disk center: RA=8:43:30 6=-45:58:59 Radius=3.82 degrees

— ° Expected number of background events (5 ys) = 364.58
é 4| HESSI0852-463
P . A(RA) A(6) Expected
2F e (with respect to (with respect to number of
1 disk center) disk center)
0 events (5 ys)
N HESSI0835-455 212 0.38 19.5
= - HESSJ0835-455
—HE HESSJ0852-463 2.12 -0.38 10.27
I i S, Sy S B E B S
A(D)

2,5

15 \

5J0835-455

0,5

for 50% discovery probability (50)
[

Required Flux (in units of the source flux)




HESS)1745-290 HESSI1745-303 G0O9+01

HESS J1804-216 GC/HESS J1745-290

G0.9+0.1/HESS J1747-281 HESS J1745-303

4] 10 . | . TR e a0

O N
HESSJ1745-290 0.05 17:45:39.6 -29:00:22 0.85 2.29
HESSJ1745-303 0.2 17:45:2.4 -30:22:12 1.01 1.79 -

G09+0.1 0.05 17:47:23.2 -28:09:06 0.27 2.31 -



Disk center: RA=17:46:1.7 6=-29:10:33 Radius=1.91 degrees

3F Expected number of background events (5 ys) = 67.57
:::2 HESSJ1745-290 A(RA) A(5) Expected
Z I peaat B (with respect to (with respect to number of
1h i ANT R G09+0.1 disk center) disk center)
A events (5 ys)
0 _ :* HESSJ1745-290 -0.09 0.17 2.64
—1 _
_ HESSJ1745-303 -0.25 -1.19 17.28
HESSJ1745-303
B I e Ac'( 5) TS G09+0.1 0.34 1.02 0.78
Nexp (5 ys) //'/' = 14
1 — ' HES$J1745-3O | g B |12 ‘R\
087 N S EE 1
O.6~; /%45-290 ;’:_f § 08 \\
0.4 52 |
) X 35
5 ;_“: S o2
< 7 5 Qo T T T T T T T 1
4)4/ §—4755_4_3_ g ’ 0 1 2 3 a 5 3 7 2




HESS)1834-087 HESSI1837-069

HESS J1834-087 HESS J1825-137 HESS J1813-178
HESS J1837-069

I ) R N

HESSJ1834-087 18:34:45.6 -8:45:36 2.45
HESSJ1837-069 0.1 18:37:38.4 -6:57:00 1.65 2.27 =
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0.5
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Disk center: RA=18:36:12 6=-7:51:18 Radius=1.53 degrees
Expected number of background events (5 ys) = 39.14

A(RA) A(6) Expected
(with respect to (with respect to number of
disk center) disk center)
events (5 ys)
HESSJ1834-087 -0.36 -0.905 1.4
HESSJ1837-069 0.36 0.905 4.78

for 50% discovery probability (50)

Required Flux (in units of the source flux)

T (ys)



HESS)1614-518 (HESS)1616-508

HESS J1708-410
RX J1713.7-3946 HESS J1640-465 HESS J1632-478 HESS J1614-518

Galactic Latitude (°)

Galactic Longitude (°)

N N

HESSJ1614-518 0.25 16:14:19.2 -51:49:12 2.41 2.44
HESSJ1616-508 0.15 16:16:24 -50:54:00 2.11 2.56 -



1.5 HESSI1614-518 ~

-2

—2-15-1-050 05 1 1.5 2

A(D)

Nexp (5ys) ey
////
< HESSJ1616-508
|‘ \

Disk center: RA=16:15:21.6 6=-51:21:36 Radius=1.2 degrees
Expected number of background events (5 ys) = 45.14

A(RA) A(6) Expected
(with respect to (with respect to number of

disk center) disk center)

events (5 ys)
HESSJ1614-518 -0.26 -0.46 7.12

HESSJ1616-508 0.26 0.46 7.73

for 50% discovery probability (50)

Required Flux (in units of the source flux)
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320
e e R Dl Lk e
HESSJ1420-607 0.05 14:20:12 -60:45:32 1.16 2.25

HESSJ1418-609 0.05 14:18:2.4 -60:58:12 0.94 2.19 -



- Disk center: RA=14:19:7.2 6=-60:51:52 Radius=0.72 degrees
e Expected number of background events (5 ys) = 17.57

ABAL

< e A(RA) A(6) Expected
L. T P § . (with respect to (with respect to number of

OF . one | Lfae et disk center) disk center)
el : CE events (5 ys)
o5l - SRR HESSJ1420-607 0.27 0.106 9.17
751 HESSJ1418f609: T
_1‘|“| HESSJ1418-609 -0.27 -0.106 8.96

-1-0.750.50.250 0.250.50.75 1

A(8)
o 2,5

HESSJ1418-6

/

1,5 \

0,5

for 50% discovery probability (50)

Required Flux (in units of the source flux)




RXJ1713-3946 HESSI1713-381 HESSI1708-410 HESSI1702-420

4 HESS J1708-410
RX J1713.7-3946 HESS J1640-465 HESS J1632-478 HESS J1614-518

HESS J1713-381 HESS J1702-420
345

Galactic Latitude (°)

Galactic Longitude (°)

I ) R R

RXJ1713-3946 0.65 17:13:00 -39:45:00 16.84 1.72
HESSJ1713-381 0.05 17:13:57.6 -38:12:00 0.23 2.28 -
HESSJ1708-410 0.05 17:8:14.4 -41:4:48 0.44 2.33 -

HESSJ1702-420 0.1 17:2:45.6 -42.4.12 0.82 2.32 -



Disk center: RA=17:09:29.4 6=-40:16:30 Radius=3.16 degrees

ng— RXJ1713-3946 Expected number of background events (5 ys) =217.9
st HESS)A713-381
=4 \ v A(RA) A(6) Expected
1 f_ (with respect to (with respect to number of
0 disk center) disk center)
o events (5 ys)
-2¢ \ RXJ1713-3946 0.525 0.877 26.88
-3
—4f HEs J1702-420 HESSJ1708-410 HESSJ1713-381 2.075 1.12 1.16
ST ees1708-410  -0.805 031 1.95

A(D)

HESSJ1702-420 -1.795 -1.68 3.69

- Hessi 082416*.,
e .Hssmoz 420

"'”,..,f-Rx11'713-394‘ ) Nz

for 50% discovery probability (50)
[
[¥3]

Required Flux (in units of the source flux)




LSS039INFC LSS039SUPC MHESSIL1825-137

Declination Nexp
(deg) (5ys)

LS5039INFC 0.05 18:26:13.8 -14:50:01 1.61 1.19
LS5039SUPC 0.05 18:26:13.8 -14.50.01 0.26 2.51 - 0.41
HESSJ1825-137  0.25 18:26:2.4 -13:45:36 10.73  2.08 4.24 8.75

PSR131259-63 HESSI1303-631

R Declination v Nexp
(deg) (5ys)

PSR131259-63 0.05 13:2:49.2 -63:50:2 0.34 2.72 = 0.59
HESSJ1303-631  0.15 13:3:0.4 -63.11.55 1199 251 = 1.18

Declination Nexp
(deg) (5ys)

HESSJ1804-216

18:4:31 -21:42:00 1.4 - 1.42

Declination Nexp
(deg) (5ys)

HESSJ1813-178  0.05 18:13:36 -17:50:24 0.9 - 5.08

Declination Nexp
(deg) (5ys)

MSH15-52 15:14:7 -59:9:27 1.8 = 10.41
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Combined Results of SNRs

HESSJ1640-465 HESSJ0852-463 HESSJ1745-290 HESSJ1834-087 HESSJ1303-631 RXJ1713-3946
HESSJ1713-381
0.05 1.0 0.05 0.1 0.15

R (deg) 0.65, 0.05
Expected Signal 2.55 9.97 2.55 1.41 1.22 19.36
(5ys)
Expected 18.28 52.96 13.34 12.09 22.79 78.76

Background (5ys)

25 -\
\ 5.1 ys for 50 Discovery

2 w
1,5

0,5

Required Flux (in units of the source flux)
for 50% discovery probability (50)
[




Combined Results of SNRs + Category 3

RXJ1713-3946 HESSJ0852-463 | HESSJ1640-465 | HESSJ1745-290 | HESSJ1834-087 | HESSJ1303-631 | HESSJ1614-518
+ + +

HESSJ1713-381 HESSJ1634-472 | HESSJ1745-303 | HESSJ1837-069
+

HESSJ1708-410

R(deg)  0.65,0.05,0.05 1.0 0.05,0.1 0.05,0.2 0.1,0.1 0.15 0.25
Expected 21.13 9.97 4.63 19.88 6.2 1.25 7.22
Signal (5ys)
Expected 106.2 52.96 46.76 32.65 39.14 26.35 27.39
Background
(Sys)
1.4
1.2 -
1.3 ys for 50 Discovery

1
0,8 \
0,6 \

0,4 ‘\.\I

0,2

Required Flux (in units of the source flux)
for 50% discovery probability (50)




