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Scientific Cases

The Eleven Questions ldentified by the C {4, 4o Cosmic Accelerators Work and What are
They Accelerating?

Connecting p .
with the (COSIMIOS hysic

What is the origin of cosmic rays ?

Mysteries of Astronomy
Science ,1 June 2012

What's the Source of the Most
Energetic Cosmic Rays?




Big Victory !

* >100 VHE v sources are iscovered
In 20 yrs
— 16 papers in Nature or Science

» 14 of them are associated with discovery

— HESS, MAGIC and VERITAS are major
players
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Big Victory !

* >100 VHE vy sources are is covered
In 20 yrs

— 16 papers in Nature or Science R :

* 14 of them are associated with discover ‘g . Verydeepfield
s S urvey -
— HESS, MAGIC and VERITAS are major g E mode

players

« All sky survey is other way to play



All sky survey

0 No association 0 Possible association with nearby SNR or PWN
“ AGN - blazar + Starburst Gal  * Pulsar  # Pulsar w/PWN
= AGN — unknown 4 Galaxy & PWN “ Globular cluster
* AGN - non blazar SNR = XRB or MQO

* For wide FOV detector, like LHAASOQO, all sources
brighter than 2%Crab will be seen in a single year

« Great advantage for very extended sources

Fermi data reveal giant gamma-ray bubbles ’ . BE eSS IGRG 2008

Farmi >3 counts

Shocked gas Kosircas 1567h)
Radio Cont. recsween 12978
66km/fs 13-CO (GRS)
CX0192318 54140335
172004Hz OH masers

« For variables, most story of variability will be recoded
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Three major scientific goals
of LHAASO

» TeV vy ray observation has an opportunity of finding
CR origin: 108+ sources discovered
— All-sky survey for y source population is necessary
(full duty cycle, wide FOV and sufficient sensitivity )
— 50+ galactic sources: v at high energy (>30TeV) 1s crucial
(high sensitivity and high energy resolution)

 Exploring for new physics frontier



The Current Design of
the Complex Detector Array

Three major components
« 90k m? water Cerenkov detector for y>100GeV

« 1km?complex array for y >30TeV
— Array of 5000 scintillation detectors
— Array of 1200 y detectors buried water C detectors



LHAASO Project: yastronomy and origin of CR

Large High Altitude Air Shower Obsewatnry - ED: 5137, im<imx2cm
Charge anabaling 4000m & SOBGIEM i
Partl CTe

15m spacing




LHAASO Project: vy astronomy and origin of CR

Large High Altitude Air Shower Obser\ratory - ED:5137, im<imx2cm

15m ‘'spacing

1Lt Yangbajing, 4300m a.s.l. ﬁl}'ﬂgh:m I I B MD: 1161, 6mx6mx=2cm
ar-g—e 3ﬂmspacmg




LHAASO Project: yastronomy and origin of CR

Large High Altitude Air Shower Observatory . eo: 5137, imxim«2cm

15m ‘'spacing

1Lt Yangbajing, 4300m a.s.l. ﬁl}'ﬂgh:m . B MD: 1161, 6mx6mx=2cm
arg—e RS RCRCIR R 30m spacing
" WFCA: 3:8, 16x16pixels
130m spacing

PartlcTe L L %% SCDA: 5000m’ (v80m)
S L S5 WeDA: 4x000
: 1T 0me=4m
300m spacing

IACT: 2
100m spacing
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Survey for y sources

( a few hundreds extra-galactic sources are expected )
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Searching for CR origin

the most Sensitive detector for 10TeV y sky
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Looking for Smoking guns could be found at o

high energies. Observationally, it is not easy
, because the flux is too small, therefore a
large detector is necessary.
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SNRs with Molecular Clouds

— Fermi has observed W51C, W44, 10443, W28, W49B, W30, CTB37A,

— They could be hadron sources
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1C443 |
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Spectroscopy: CR Sources?

>
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Many unidentified strong sources in the Cygnus region

FERMI
Cocoon




AGN:
Mrk501
Mrk421

transients
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SED Analysis for
Radiation Mechanism

 For steady states, the SSC model is favored.

« During flares, the spectrum is hardened.
Simple SSC model is not favored

« Evolution is well observed
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Transient(2): GRB

Estimate number of bursts

E*N; (ergcm®s™)

with effective detecting
area

of expected photons at
different energies

Multi-wavelength

spectroscopic analysis
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Energy dependence of the

Speed of light By Martinez

* Space-time becomes “foamy”
due to Quantum fluctuations e e i
» For shorter wavelength photons,
the path is longer because the
road 1s “bumpy”

10° A Short Wavelenth :
I
gm‘ = .
3 L gl e * The energy scale at the Planck Mass
IEie [FRamiam Mog = O(Mp )= O(10*°) GeV
2l =i ke A ALY W V(E)/c~1-(E/Mgg,)" , here n=1,2
Wosw‘;;ozls;o;“h A t~0.1 sec for 100GeV gamyna
Zenith [dog from 1Gpc and n=1




L QG-Related Limits from GRB 090510

Abdo et al, Nature 462, 331 (2010) |

Table 2 | Limits on Lorentz Invariance Violation
# Le—Toz  Limit on Reasoning for choica of L ET Valid  Lower limil on
(ms)  |AM] (ms) or limit on At or |AVAE| iMeV) fors*  Mga/Mes
(a)? =30 <850 start of any <1 MeV emission 0.1 1 =119
B)* 530 =289  start of main <1 MeV emission 0.1 1 >3.42
ey 648 =181 start of main =01 GeV emission 100 1 =563
(dy® T30 < O start of > 1 GaV emission 1000 1 =10.0
e — <10 association with < 1 MeV spike 0.1 =1 =102
e — <19 If 0.76 GeV' y-ray from 1 spke 0.1 -1 =133
_l@)*  JAVAE|=30msiGeV  lag analysis of > 1 GeV spikes — +1 >122
H1s000
. mg

With the assumption

that the HE photons
are not emitted before

the LE photons

Counts/in Countaibin

Countatbin Countabin
5

MQG >1.2 MPIanck

ﬂnimﬂlmmlmm 29

23

Countsiin




Reed et al,

MNRAS35

7,82(2004)
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Prototype of LHAASO at YBJ site

engineering array near the ARGO detector




WCDA

Pond in a hall

Scintillator




The WCDA before
filling water

Water submarine the
PMT in the pool

One event shower

Run 139552 #1706101: 0= 26.0£3.1, ¢= 305.6:6.3 Run 139552 #1706101: nHit=8, nFit=8, y2= 4.7/5




Electromagnetic Detector
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ED detectors test system
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LHAASO—KM2A MD prototype
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The Best Candidate Sites

AR REER

AmEinE R iy
ARGO-YBJ U e

site @




East

'West

| am standing at the tip of little two hills on the north3§ide
of the site, the height is about 4450m a.s.l.



Observatory Construction

It Is planned for a construction of 5-6 years

yrS now 6yrs
Detector R/D: 1.5 f f :
FEE R/D: 2
Detector deployment: 4
1% array test run: 1




Conclusion

A ground based large and complexy/CR
observatory at high altitude (4300m
a.s.l.) within 5~6 years

— Great advantage for extend sources
— High sensitive for variables
— Useful for exploring new physics

 Engineering prototype at Tibet site Is
running

 The construction Is expected to start in
next year
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