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1 Introduction

The dispersion measure (DM) of Fast Radio Burst (FRB), which is defined as the
integral of free electron density along the line of sight, is so high that FRBs are
supposed to be extragalactic. These high DMs can not only tell us the ISM which
FRBs propagate through, but also the distance range of known FRBs. With a good
understanding of the DM contributed by galactic [1] and intergalatic part [2], we have
to figure out the DM distribution of FRB host galaxies.

2 Simulations

Basically, we can do Monte Carlo simulations to see how the electron density of
different galaxies contributes to the DM. The basic idea of simulations is to generate
millions of FRB at different places of different type of galaxies, at different redshifts,
let them propagate towards different directions isotropically. In this work, we build
three basic galaxy templates at first, and then scale it to different galaxies according
to the results of a large sample of galaxy survey.

After all the simulations, we would get the DM distribution of different type
of galaxies (see Fig.1), including the early-type galaxies (ETGs), late-type galaxies
(LTGs) and total galaxies.

3 Conclusions

The DM of different host galaxies varies at a very large range from 10 to 10* cm ™~ pc,
while the most probable DM is at 40 cm ™ pc roughly, which is much lower than the
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Figure 1: The DM distribution of FRB host galaxies.

average value of 100 cm ™ pc [3] most people assume before. This tells us FRBs could
not be only cosmological origin, but also at nearby galaxies.

Furthermore, from our simulations, we find the current FRBs are unlikely to come
from giant elliptical galaxies because there are a lot of gas ionized by AGNs and free
electrons are diffused from the center to far away outskirt. This result indicates
the previous FRB150418 host galaxy identification [4] is probably wrong because the
DM distribution of that giant elliptical galaxy is quite larger than the total DM of
FRB150418.
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1 Introduction

Fast radio bursts (FRBs) are bright millisecond radio pulses (peak fluxes ~ 0.5 —2Jy
at 1.4 GHz) with high dispersion measures (DM 2> 300cm 2 pc) which significantly
exceed the maximum expected line-of-sight contribution in the NE2001 model of
Galactic electron density [1] indicating their extragalactic origins.

The first FRB (FRB010724 also called ”Lorimer burst” ) is discovered in 2007
by Lorimer during searching archival data from a 1.4-GHz survey of the Magellanic
Clouds using the multibeam receiver on the 64-m Parkes Radio Telescope in Aus-
tralia [2]. Up to now, a total of 17 FRB sources have been detected. Except two
sources detected with the 305-m Arecibo telescope [3] and the 110-m Green Bank
Telescope [4] respectively, all the other sources were detected using the 64-m Parkes
radio telescope [2, 5, 6, 7, 8,9, 10, 11]. Petroff et al. [12] presented an online catalog
(FRBCAT') of known FRBs.

2 Software

Softwares have been developed to search FRBs, such as HEIMDALL which has dis-
covered a real-time FRB [8]. A python script in PRESTO (single_pulse_search.py)
has also been used to search FRBs [3]. To search FRBs more efficiently, we develope-
d another software named BEAR which is written in C++ dealing with filterbank
data. There are several main tasks of BEAR, radio frequency interference (RFI)
eliminating, dedispersion and burst detecting.

Man-made interference can also generate burst-like signal which will create diffi-
culties in the detection of FRBs. However, these signals are mostly zero DM. BEAR

Thttp://www.astronomy.swin.edu.au/pulsar/frbcat/

13



used a special method to mitigate this kind of RFI. We assume a signal Sj with zero-
DM RFI ]\Afj, where j represents different frequency channels. BEAR subtracts the
average profile of RFI N in each channel by weight oy. If RFI is removed cleanly, the
residuals will not cohere with the average profile of RFI N which can be given by

A ~

(8 —ayN)- N =0, (1)

where we obtain «o; = S'j ‘N / N -N. After this step, we have zero-DM RFT mitigated.
It’s a common phenomenon that radio wave will be delayed when transmiting
across a cold plasma. The time delay is given by

e? DM v ., DM

—— ~4.15 x 10%s - 2
2mmec 12 S (1MHZ) Ipc-cm=3’ )

tpm =

where DM = [ n.dl is the dispersion measure, and v is the frequency. Because of
dispersion delay, high frequency waves arrive early than low frequency waves. To
improve the signal to noise ratio (SNR), we should do dedispersion firstly. BEAR
uses the technique of subband dedispersion [13] in order to save computing resources,

as shown in Fig 1.
Subband data
n
—— |
e u

Original data

dedispersed data

Figure 1: The flow chart of dedispersion. Firstly, dedisperse the raw data into sub-
band data in large DM space, then dedisperse the subband data into dedipersed data
in small DM space.

After dedispersion, we obtain a lot of 1-D dedispersed time series with different
DMs. Then BEAR uses the technique of boxcar-matched filtering [14, 15] to obtain
a SNR matrix S(¢, W, DM), where S is defined as

1 2
5= 5 () 3

as shown in Fig 2. At last, BEAR would search candidates in the SNR matrix.
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Figure 2: The boxcar filter, which is moved along the time series. The signal-noise
ratio S is calculated in the boxcar.

3 Performance

BEAR is fast enough to do real-time searching, which is working to produce data
with the Nanshan 26-m Telescope. We have tried to find the reported FRBs in the
data from the internet, and BEAR found all of them sucessfully, such as FRB140514
(see Fig 3).

Figure 3: The output graphs of BEAR. Left pannel shows information of all candi-
dates and right pannel is made for each candidate.
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We are extremely excited that the Five-hundred-meter Aperture Spherical Tele-
scope (FAST) is on and pulsating! As it is said, “with great power comes great
responsibility.”

Enlightened cultures support great science. We are so proud that our coun-
try and our culture support projects for great science. It is indeed an instantiation
of the national policy, “sustainable developments.” The FAST telescope will benefits
not only the current, but also the future; not only the national developments, but
also the humankind’s interests.

Large telescopes do great science. Large scientific instruments are designed
to do big science. The FAST telescope will help us to understand better our cos-
mological standing, the fantastic spacetime tango, and perhaps, the lunchbox of our
alien friends.

Powerful (compact) objects provide great science. Among her goals, test-
ing the basic concepts of spacetime with compact objects stands out to be one of the
key scientific programs of the FAST telescope. Compact objects (neutron stars and
black holes) are the most powerful creatures in the Universe. The FAST telescope
will, with pulsar timing, record tiny notes from pulsating stars that tell the story
of gravity [1]; will, with pulsar timing array, listen to the spacetime’s ripples from
supermassive black-hole binaries that recite the history of Universe [2].

We are here with the FAST to make her great responsibility, do her great science!
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X-ray dim isolated neutron stars (XDINSs) are characterized by Planckian spectra
in X-ray bands, but show optical/ultraviolet(UV) excesses which are the measured
photometry exceeding that extrapolated from X-ray spectra.

To solve this problem, a radiative model of bremsstrahlung emission from a plasma
atmosphere is constructed in the regime of quark-cluster star. The plasma atmosphere
is supposed to be of two-temperature, formed and maintained by the ISM-accreted
matter which is bound on a star’s surface because of the so-called strangeness barrier.

All the seven XDINS spectra could be well fitted by the radiative model, from
optical /UV to X-ray bands. The fitted radiation radii of XDINSs are from 7 to 13
km, while the modelled electron temperatures are between 50 and 250 eV, except RX
J0806.4-4123 with a radiation radius ( 3 km), indicating that this source could be a
low-mass quark-cluster star candidate.

Also, there may be not enough time for [ISM-accreted matter to diffuse from the
polar cap to other parts of the surface during the they change flavor in a strong mag-
netic field, then the distribution of atmosphere would not be considered as spherically
symmetric. The non-spherical symmetry of the distribution will be reflected in the
spectrum that the emission curve is flatter than a Rayleigh-Jeans curve at optical/UV
bands.

20



FAST Pulsar Symposium 5 (FPS5)
July 5-8, 2016, Zunyi Normal University, Guizhou - P. R. China
http://fps2016.csp.escience.cn

Challenges for QTT antenna - an update

il (Qian Xu)
i [E R BT R B
BEARFF 830011

Email: xuqian@xao.ac.cn

SRR RO, B iR RS AR, REEHIR T ki 2
Phill . AT LART 110K A2 BHE 85 (QTT) How, QT T R L I i Bk ik
mn, REHEBHWE., SFEERLPIE. ROHEAFR . REFHE &AL RS
Fo gyt 1 HATAT UL R T AROREE P I A

KL KK FE S MR NIBEFRAR, Ko som R 248 MRS B 5 s i
Ae, KT B E KRNI, WmSEE s, KEERELSEEN ARG
W oR— R AR, 19 A B O R R R M S MW B A A, O S AR %
B, @M HTQTT KL E & HI7ES0000M /5 47 . KERHIE W8I T =45
SRR, FEPEARAFEERT 5. QTTHIE AV N0.2mm, FHE XL
BUE R A, IR S AR AR TE M LR IE BAR A 2 . R, QTTHIN T &4
WO ghky, JERBUESZIETZ, T2 KR ERBHENPETR R, K&K
SRS B EAA DU — S, B, SIAORS A T E N AR T2,
SEQTTRLZO.O7TmmAs TR MK (2FFER) , XS SEEEA R YTH
MR BRI 70008k, K2 SEOEREME I, SR, WIRAHAA TR 5
BARBENS MR IR Bk ), (AL A TR G N TSR, EMEZEREN, Xt
TN EE . R TEE T R R . DR 55K mk B KT AR e A T2 N %% B %
FEs LUK, HEEEANS SR Ty N S SO TR, RIS S S . 2 R MY
A XN SRS MIBEAT T, AT R NS T %, Bk, R&bt
R AT B T A, BUORRERT DURIE & A7 2, MEEFELE =4
W RS, 100cm Eleven iR 20cm MW\ LL K 15cmPAF,  [F] i i 25 & R 28 bR i
AN TR D04 o DRISRA B T A T R, —FioN B O mT R, R E S
NI FTFF FRoCa AL A A AR A B, R VA AW A A [ 32 A s A 155
A ST, b7 2RI T S 2 PR FE anfel GRaE /e X . B —Fhor &, fEBhaElm
TR R A s S SR U e, LGy S ke 1 T A PR FEE ORAIE I A,
—MEM TR, Bfa, REARRMREIE R T EEY &N EIMEHITEIERME, H
T RAR R AT E . a5 R 2R R0 ) A s 7 Rk AT T 7¢ .

KoKW — DR S EE, REGHAR LA T2 803 %t 16 2 44 ik 7
E, HB AR TR, TR R IRENE RS, RS ERR LR
MLEAFTC, F ) RG0S HA ) 5 ns r R

fi O 2 B 2= AR AT 7E S s i, A MEAR N A HL S T i Pulsarfi X
WEFC, (RISt 2 B RS20 R 2R S M S BR T K

21



FAST Pulsar Symposium 5 (FPS5)
July 5-8, 2016, Zunyi Normal University, Guizhou - P. R. China
http://fps2016.csp.escience.cn

AAaYIpi: MstrangenessF|strangeon

WAZH (Renzin Xu)
ALK Y BE 5 B
b5 100871

Email: r.x.xu@pku.edu.cn

CHTRACE 2 iE DM 2 B AE ;s AR, FARFITRAEL X B LA 5
£ (strangeness)” IR PIRE 9B, 1718 FLER GO A AN 3502 1) A5 AH O IR gk

A A S F X R R R RIEZ WA N B REA TR IR, AE—BE=E
il B HA R E R IR . X7 AR = XJ:E'JEJZIjJﬁle%OfﬁﬁﬁﬁE, AR B A
Eps ny ey v(BFHps m)XEEIEARR IR E A IR, HENATE T
LRI — KR P FEP A, e A . X R Atk R AT
FAEEATGE A N EF AT o AMFAUL, F FF T RINRALINR A RE AR
Pz X4 1953 Nishijimafl Gell- Mannf;eﬁi‘r#ﬁ(btrdngeness) NI 2 i RE DL AT ¢
FirHIRI, FRASELEVEZ TER FETS B BTV B ER A,
IAERATIIE T W RCE B B R 712 R A& R0 5 5 (p={uud}, n={udd}),
A PR RS 5 =R & s A m B SRR T & 575 e s AR AE T o

VIR AR AER T V) B R AE AL R A B2 Py B 2 X2 — ki . BRIK
MIFPS R A 2 WU B AR — AN b 8 BT, BRS04 B ik
BN EREEUNT. AEFPSASCHE36 U B B L0 M REAR AT e / = BRI AR BE ) A 5 70
Fr, WAk B Z AR RRAR A B . mhe RIR AR . RATENIE, MR — R
E‘J“/J\”E%*Z%Kéﬂﬁ\%V?(nucleon, FpHIFFR, Hus dWRN S TR ;

Hog R FAZ AR 73 A &% 1M &strangeon (] N “AF F7), Hus dFls =k
1}@%*@52 ENEIERARKRA? HELE, TZ4H1(Ap], 596, L59)¢E$Efuz
— i KA EAE Witten 5 BEHE)T (B FY 5N HB S e A AT /%%Tl%ﬁ’] W] fE
PRIFEBCP 2 A FH T e ADD ﬁﬁﬁﬂ‘]—ﬁj‘%ﬁ%iﬁzﬁEiﬁm‘?ﬂ”#%/\ﬁfif

Strangeon ['strerdzmn]sgstrangefinucleonfJ 4 &1, AH bt 2 B 1 & Fh BRI (solid
quark, strange quark-cluster, strange clusterds), strangeonjii B 2 ok LA A I

Hadron Quark Strangeon
matter matter matter
:A qua k loc 1 d
e ! fy- self-bound o, ce

gra [ I /fl z/

Figure 1: &RAMK RS, YEFPS23CAATTUERT . Wil 7 i 6 [F) 2= 10 5 B

U B2 R TR UK A SR EURAE 5 B RS I R BU B [ A I “strange nucleon” —1il

22



FAST Pulsar Symposium &5 (FPS5)
July 5-8, 2016, Zunyi Normal University, Guizhou - P. R. China
http://fps2016.csp.escience.cn

Crab ik # £ X-ray 1 &} @%ﬁﬂ*ﬁ‘%@*ﬂﬁ%ﬁﬁﬁ 8] 1]

EIFREN (Linli Yan)
HHRHBE i BEI BRI T T

L5 100049

Email: yanlinli@ihep.ac.cn

1 HENSH

Crabki B —BiEsii, W %133ms, 76 %A B WO 2 BF 90, %
B 01 Koo 5 ) 5 LU G A, 3 LI G ) R O T R £
FOH. I, R GE G B O A [FLE BA 1 Xoray R BT T 41 fLBkop, A
WX -ray BT L S B 2 RO AEAEAIE 22, 2 AT (OB R M, B ook B T
X, MX-rayf@di kB FAMaBR. Bk, XFAAL Z B 5T 50+ 1 ik B2 48 5 IX AL
B RGN A L.

2 IEHITAE

2.1 2014.09-2016.01

5T 1 Crabfikih B X-ray Bk i 46 BRI IR BE I 0] (928401 0L, 5 30 i g5 Rtk AT 1
U o Xeray fik i e JBR 110 X0 0 a] (25 i g TR] 388 0, SOUUEE I 7 b o ) TR 9k /)N, R 58 P
WBERS AR/, XA A S B A RA A —E. BRGE RAEE: Ge, M.
Y., Yan, L. L., Lu, F. J., et al. 2016, ApJ, 818,48

2.2 2015.06&%

FHRXTEX Crabfiki £ 114 R . Nanshan radio telescope Ht 65 M £ 4 F1Jodrell
Bank Ephemeris, PhJodrell Bank )5} H ki A 0] 525 i, 2 55 Xeray ik
BB A2 VAR AL AT R L S SRR R B AR o AR ST NI BORR L R R ) ) AR Ak R B DL
JGR, IO Bk v 22 (AR 2 5 R S HH BRI

Z LMK EIEAESEZ 3.

23



FAST Pulsar Symposium &5 (FPS5)
July 5-8, 2016, Zunyi Normal University, Guizhou - P. R. China
http://fps2016.csp.escience.cn

Supernova Neutrino in A Strangeon Star Model

Mao Yuan
Department of Astronomy, Beijing Normal University, Beijing 100871, China
Email: ym@mail.bnu.edu.cn

The nature of pulsar-like object is a highly debatable issue due to the lack of
knowledge to the compressed baryonic matter. According to different understand-
ings for ground state of the condensed matter, the generally Neutron Stars, Strange
Quark Stars and Strangeon Stars (SSs) are thought to be the candidates with their
respective features. Among these models, an strangeon star is easily distinguishable
from the others by its property of phase transition during the early cooling stage.
Cold strangeons matter could be in a solid state with a relatively small quantum
wave packet and low temperature (with melting temperature 7,,approximate several
MeV)[?, 2], which means a new born strangeon star could be solid quickly after a fast
cooling process through neutrino releasing. Theoretically, when the SS solidify from
its initial state, heat capacity of the solid SS will become extremely tiny, which will
lead to a cut-off of neutrino burst because its radiation luminosity will reduce syn-
chronously. In this case, it’s very interesting to find out an observationally evidence
for this neutrino releasing process. Luckily, scientists detected a neutrino burst in a
core-collapse supernova in 1987, which was recalled as a neutrino burst in SN 1987A
[3, 4, 5]. We suggest that 7 mesons would be excited when the nascent SS forms,
together with strangeons, their thermal energy U = U, + U, would be approach to
the binding energy of the compact core, several 10°3 erg. Almost all internal energy
will be taken away by neutrino and photon radiation. Temperature will quickly drop
down in seconds. From thermal laws, time rate of internal energy of a ScS at the
beginning is

dU

When the temperature cools down to the T,,, the ScS will go through a phase tran-
sition stage, the constant T, will last for a while,

dUu
at Ly, + Ly, (2)

in which ¢ is the phase transition timescale. Immediately after this transition period,
star will crystallize and finally be a solid ScS. The stellar residual thermal energy will
be

U = / CydT, (3)
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where the heat capacity C is calculated by Debye model.So after crystallization, the
thermal evolution could be T

—clvE =L, +L,. (4)
Neutrino burst from SN 1987A was detected by 3 detectors, Kamiokande-II, IMB,
and Baksan.It’s hard to adjudicate when neutrino burst begins precisely. Because
taking uncertainty of universal time into consideration, the first event observed by
Kamiokande-II, IMB, Baksan respectively are at certain times 7:34:35 UT~7:36:35
UT, 7:35:40.95 UT~7:35:41.05 UT, and 7:35:18 UT~7:36:14 UT. Technologically,
energy threshold of Kamiokande-II is 7.5MeV, other detectors are 15MeV for IMB,
10MeV for Baksan, which means events detected by Kamiokande-II is more in line
with the real situation as the anti-electron neutrino energy is £, ~ 10 MeV in its
spectrum for supernova neutrinos [6]. When discussing the cooling process with the
time, it’s obviously improper to research events of all the three detectors together.
Because considering the universal time uncertainty between 3 laboratories, it’s not
rigorous to put all data in one timeline. On balance, we decide to only take data
from Kamiokande to test our model. The results are shown in Fig 1. It is quite
clear that with SN 1987A neutrino burst, the final consequence indicate the model of
solidification strangeon stars can not be ruled out, but it’s hard to indicate further
information for the scarce neutrino case. Whatever, the neutrino burst can reveal
the properties of the ScS, which is excepted to become a new way to distinguish NSs,

SQSs and the SSs.
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Figure 1: This is the T — ¢ relation of a M = 1.4My, R = 10 km ScS. (a)take the
logarithm of ¢, and (b) are normal for a better presentation in general. The blue curve
belongs to an SS, and the upper red one is temperature evolution curve of a proto-NS
we take from a representative work by Pons[7]. It can be seen that 7" in an SS cools
down soon in ms timescale, and then the star will keep homoiothermal during a phase
transition, a slow cooling stage, as the blue lines indicate. After phase transition, the
solidification ScS temperature will drop down immediately, thereupon the emission
intensity diminishing quickly, and this lead to a cut-off of this neutrino burst. As a
contrast, the red curve cools down homogeneously all the time, and having no cut-off
indication in decades of seconds, which is the timescale of SN 1987A neutrino burst.
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Scientific Program of FAST Pulsar Symposium 5

July 5-7, 2016, Zunyi Normal University, China
(Language: English or Chinese; but the presentation should be written in English)

===== Tuesday, July 5 =====
13:00 -- 14:00 Registration (Haoting Hotel, % S 17 5% FZ 1 k)

Conference Opening (at the Conference Center of Haoting Hotel)

14:00 -- 14:10 Welcome address by Prof. Cinan Wu (President of Zunyi Normal University)
Chair: Yefei Yuan (20min = 15+5)

14:10 -- 14:30 Kejia Lee: To detect cosmic string with pulsars

14:30 -- 14:50 Zhigang Wen: The mode switching of PSR B2020+28

14:50 -- 15:10 Yunpeng Men: Fast Radio Burst Searching

15:10 -- 15:40 To take a photograph of participants, Coffee Break

Session 1: Pulsar Study General

Chair: Zhaosheng Li (20min = 15+5)

15:40 -- 16:00 Wenming Yan: Mode changing of PSR J0738-4042

16:00 -- 16:20 Zhichen Pan: Discovery of Two New Pulsars in 47 Tucanae

16:20 -- 16:40 Lijing Shao: Testing the strong equivalence principle with radio pulsars (via Skype)
16:40 -- 17:30 Discussion of pulsar science with FAST

Session 2: Pulsar observations

Chair: Minglei Tong (20min = 15+5)

08:30 -- 08:50 Linli Yan: The phase evolution of the Crab pulsar between X-ray and radio

08:50 -- 09:10 Yanjun Guo: Timing PSR J0437-4715 at Yunnan 40m

09:10 -- 09:30 Zhaosheng Li: To understand the EOS of NSs from X-ray observations

09:30 -- 09:50 Yuanyue Pan: The magnetic field evolution of ULX NuSTAR J095551+6940.8 in M82

09:50 -- 10:30 Coffee Break

Session 3: Pulsar Physics with multi-messengers

Chair: Biping Gong (20min = 15+5)

10:30 -- 10:50 Yefei Yuan: Evolution of Merging Compact Binaries in Hierarchical Triple Systems
10:50 -- 11:10 Xiaoping Zheng: Thermal evolution of neutron star

11:10 -- 11:30 Mao Yuan: Supernova Neutrino in a Strange-cluster Star Model

11:30 -- 11:50 Yuanjie Du: Introduction of an X-ray mission for pulsar timing
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Session 4: Pulsar astronomy and astrophysics |

Chair: Jianping Yuan (20min = 15+5)

14:00 -- 14:20 Biping Gong: On the Braking index, age and magnetic field of binary pulsars

14:20 -- 14:40 Xiongwei Liu: Pulsar Braking with fossil disck

14:40 -- 15:00 Weiyang Wang: A solution to the optical/UV excess of X-ray dim isolated neutron star
15:00 -- 15:20 Aijun Dong: A fundamental plane of black hole activity

15:20 -- 16:00 Coffee Break

Session 5: Presentations by all participants with/without slides
Chair: Renxin Xu
16:00 -- 17:30 Speaker names in alphabetical order
Note: Each participant may introduce with < 3 slides, < 5 minutes, including
i) Research interests,
ii) What she/he would like to benefit from the FPS series of meeting,
iii) Others.

===== Thursday, July 7 =====
Session 6: Pulsar astronomy and astrophysics 11
Chair: Xiaoping Zheng (20min = 15+5)
08:30 -- 08:50 Xia Zhou: R-mode instability and thermal emission of young pulsars
08:50 -- 09:10 Renxin Xu: A general conjecture of strange matter
09:10 -- 09:30 Xiaoyu Lai: Spontaneous Magnetization of Solid Strange-cluster Stars
09:30 -- 09:50 Chaoyang Yun: Two types in the star-quake model to explain the different glitches

09:50 -- 10:30 Coffee Break

Session 7: Outlooks
Chair: Kejia Lee
10:30 -- 11:30 Free Discussions

NOTE for talks (20min = 15+5; 15min = 12min + 3min)
The chair would remind the speaker “3 Min after talking for 12 minutes.

NOTE for Dining Service at the first floor of Haoting Hotel

Buffet Breakfirst: 07:00—08:30
Buffet Lunch: 12:00—13:00
Buffet Dinner: 18:00—19:00
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