Research on Cosmic microwave
background Radiation

IHEP.CAS

Hong L1
2019-9-26 @PKU



Institute of High Energy Physics
Since 1980s

Dayabay neutrino experiment Beijing Spectrometer III

» Particle Astrophysics Division
» Hard X-ray satellite
» Cosmic ray experiment
» AliCPT in Tibet
> ee




e What is CMB ?
e Does 1t exist ?
« Why we are interested ?

e How to observe ?
e Our CMB observation in China — AlLCPT




What 1s CMB?

e Cosmic Microwave Background radiation (CMB)

e Relic density from Big Bang
e CMB is an old fossil !
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B CMB was discovered in 1965 /ﬁé

1978 Nobel Prize

™

What a Discovery!

In view of the similarities, Penzias and Wilson began to realize what they
had encountered. The noise that had been perplexing them was actually
the cosmic background radiation (CMB).
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Why we are interested?
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Observation of CMB
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A Precision Cosmological Probe

e Trace back to very early: last scattering

t ~ 380,000 yrs,

T ~1elV

e Tracer is simple and clean: free streaming after decoupling

e Framework is simple: thermal dynamics + linear perturbation

theory

AT
- . what can we learn ?

> Early universe: inflation, bouncing---
» Geometry: Curvature

» Energy component: baryon, DM, DE---

» Late time evolution: cosmic expansion
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To solve -

* The Guidepost
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Background evolution: expansion

edmann—Roberston—Walker (FRW) spacetime

2
; ; ; dr T ) o ;
de* =dt* — a.‘)'(f)[l P +72d6? + r* sin® Adp?|
— R+
or
ds® = a*(n)(dn* — vi;dx’ dx?)
n is conformal time n= /dt/a
1 — R s o ke s TSI T
- = Rsinfcosyp, 2 =x = Rsinfsiny, z° = Rcosfl
0i; , R
= K Tk P = . Kp2ye
(1+ Zztzr)? i Scale factor a(t)

Comoving: 7 = 0 = p = ()




Cosmic evolution: background

* GR equation: dynamics of universe
1 . . AL
Ruu — 5Rf]uu — _87TCTT[J.I/
PerfeCt ﬂUld '[;“, - (/) + P)Up. (f'rz./ - ]?Q;u/ U;, e —1

U'=0. U; =0

with cosmic time t with conformal time 7]
=1, Uy=1 UY=1/a, Uy=a
H2 4 i‘z _ 87;(7 o H:+ K = .M;(J a’p
f — 4?3-(: (p+ 3p) H =-— ;.17.‘;(: (’-2(_10 + 3p)
a 3 '
p+3H(p+p) =0 p'+3H(p+p) =0

@ =p/p  Equation of state 1s required



Multi components

P = Zl)ze = ZP:‘




1 28
Radia
10° |-
~107"7 - Matter-radiation S
£ grossoverpoit | ¢ L.
£ s MATTER-  [POMINATED
' 2T RADIATION PCMBNATED
pi +3H(pi +pi) =0 <= 5 DOMINATED Matter
107%° |- density
Continuity equation
10-25 =
N | R 4
Pi = Pv(/)v) w; = — -y Dark energy [density
i 111111..,‘1-,:
1° 10t 10 10 10"
Time since Big Bang (yr)
i —3(14+wy
With constant EoS  p; X a (14w;)
Radiation wy. = 1/3, p, x a4

= —3
Matter (non-relativistic) W, = 0, P X @

Cosmological constant wp = —1, pa = constant



Single component universe (K=0)

2
0 o 1T or a o< nTTaw
Radiation domination a o 13 a o 1
Matter domination a o 13 a o< n
Inflation a x e, H = constant
e 1
~ Hp

R o



Linear perturbaton: Cosmic fluctuation

Perturbed Spacetime Perturbed Matter

Guw = f—f;w + 59';11/

T, =T, | 8T,

f
G;u/ = 817G I}u/

6G,u;r/ — 871'(;51};,;/



(spacetime )

Spacetime perturbations
ds® = a(n)*{(1 + 24)dn* — 2(By; + S:)dndz* — [(1 — 2¢)vi; + 2E};; + 2F;;) + hi;] dx'd2’}
SI _FI?—O hii=0; h”l

1

Gauge transformations and gauge invariant perturbations

Scalar As A= A—ped_ et

Y — z,r' = +H£0 b

FE—-E=E-¢

A+ (1/a)[(B - E'a] ,
-~ H(B-E);

Vector
S; = S; —1f, e

#



Matter perturbations TH (n, T) = T*(n) + 6T* (n, 7) (matter )

§TH = 6TH — LT

Matter as a fluid

T) = —pd, + (p+p)U*U, + X}, URl, =1 PullV=0, T=0

On background p,p.U" =1/a,U" =0

anisotropic stress due to shear viscosity
and heat flow, vanishes on background,
gauge invariant perturbations

At linear order dp.0p, sU° = ‘é , 8Upy = aA

Us = Ui+ Upes, U =0

Yoo=0, X0i=0, X=0

1
Bij = —a®[B; — §V2Em,~ + X + o



Scalar 3 ; )
dp=4dp—p'¢ U=U-af’

op = 6p — p'€" Dy

Vector U/ =U"" ¥ =Y;

2
Tensor 05 = Ojj
Some gauge| invariant perturbations

Wsp=06p+p(B—E'), 9p=6p+p(B-E'), 99U =U+a(B-E')

i aelp P
R=—y— VIR 6pnad = 513 — _,5P
2 P



Vector perturbation decay gradually

Vector perturbation

k*F; = 167Ga(p + p)Ure" ,

(fl.j T f).x’)’ + ZH(IIJ 2 1 f).x) =0

F; x 1/a? Uree o 1/[a*(p + p))

1

"‘ —Vi=U"/a x
CX T

ERMITRENBp, px a™t, HIEV, = const. : EPRAERNBp, p x a3, BV, « LEFHEMR



* Tensor perturbation: Gravitational wave
b, + 2HhR; + k*hi; = 167Ga’0;;

* Scalar perturbation
ds® = a?[(1 + 2®)dn? — (1 — 2¥)d;dz'dz’]
C 3H(HD + V') 4+ B2V = —4nGa’dp ,
HD + V' = anGalp + p)U ,
(2H' + H*)® + HY + V" + 2HTV + %2(\11 — ®) = 47Ga’bp
L (¥ — &) = 122Ga’(p + p)o .
" +3H (1 + c2)D' — c2ViD + [2H' + (1 + 3c3)(H? — K)P] = 4nGa’Sp,uq

Bardeen parameter { = —P — = dp,

p
{'=— H 5 n VZ(CD' + HP) Large scale with adiabatic perturbation:
p+p Pnad T 15 1Ga? (p+ D) { Conserve !

CEE e YTOMD e



Coupled system: scattering & interaction

Pratan _ el
- Neutran ‘h'mc-:‘ : 'l.l(:-::s CNB radiaton
ectron clum
Coulomb o B~ ey .
- . ke ‘ alavies alaw
= 1 g [ = ) ...;_;\.' - ‘ |
Scatterln Rt |
» ‘: —;, - { p § e
- PR \
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scattermg

* Boltzmann equation:

af
ZL=cr,

Clf] = / d(phase space)| energy-momentum conservation|




e distribution function  f(z'. P;, 1)
dz' dz?dz>dPyd Pyd Py
dN = fdx'da?da®dPydPyd Py

REnhEokE 1= 7 WIS pup, p(at, Pt
ﬁbﬁbggkg v (2 hg \/Tﬂglpu f( i B )

g 3 rpr— —
nFRW: 9 =13 = s [ dEfEY

. ] d* § A ppes s
T = _POJ = (21)3/ EP(_P p')f(Z, pit)

. g (13}) p2 - o1
- _(27‘_)3 3 —3—](.1-.p.f)r31

d?
P = (2“1) / EPI; (7, p, 1)

g
n = e /d?’pj(l pit)

1

In thermal equilibrium: f(Z.0,1)=
' exp E—,;ﬁ = |




Perturbed BE

Newtonian gauge: ds® = a*(1 + 2¢)dn* — a*[(1 — 2¢)6;; + hyj|da’da’
f(z*, Py.m) = f(2',q.n;,m) = folg,n) + 8f(2,q,n5.m)

Photon: f(xt,nm) = [exp {T(U)[l + Z)(xi,n]-,n)]} -

BE- af dx' Of dq df dn; Of B df .

an - dn dx' * dn dq N dn on; " On “

dat Pt q. -
dn o _:1-(1 + O+ @)n;

Geodesic equation

dpr | dq - . 4
Pe d,i, +THPOPA =0 - dn g’ — eni0i¢

Perturbed Boltzmann equation

LI T ) = (26
(.—f + zﬂim df + ri(.‘—hf"oﬁ»" - Zikﬂ-@";‘ = {(-_fx""’
hy ¢ dg g o




Equations of the system: 9

e photons:

e DM:

e Baryon:

e Neutrino:

e Hinstein EQ :

AL 51 .08 Lo
T T AT = =il L EAFT - Ay gy S RIT
JAL!

é.’_: — AR — a{-AR + -[1- LT

fa
o~

m=A Al Al E=anX.or L= Py(p) = 5(1 - %)

— —kv,. + 3¢
= —Hve + LC‘)

&, — —kuy, = 3

, 9 - i p
vy = —Hup — ok, + 2 (e 3AL 7 J — ) + ko) c:=—
3{)) pb
dFE,
, =4 — ikpo
on v = 4(¢ j19)
Foil i “'='dq_._\ (=i It.'l+] Pc'..lr’,‘l:p':
f I‘l‘.r.'f.‘ ! |" N :

K+ 3H(0 + Ho) = —4xGa® Y bp;

i

k(v + Ho) = 4xGa? Z{p, + Py

(1)
(2)

(3)
(4)

(5)
(6)

(7)

(8)
(9)



Initial condition: Inflation

* Horizon problem
* Flatness problem

Observational universe

)

homogeneg
i ' large scale




Initial condition

¥(ip): potential cnergy

amall
kinetic
ehersy ;s

o

TTubble
friction

v

chepting

—

e Initial condition from inflation:

Linear perturbation s Lt
temperature

»

polarization

(D (k) P* (k7))=(2m)3Pey (k)53 (k — k')



Initial condition

o Inflation tell you : primordial power spectrum

2
k® Py (k) = - = As(-o)ns1
¢ ? Emzz’l aH=k S(k*) At
r=—
3 H? k. A.s
k Ph(k) = 87'[—2 = AT(k—) T
aH=k

e Adiabatic conditions: §p = cZ8p, ignore : §S
1

§e~Bp~3 AL

ey
Y, v v
A(S)_ F — _b - -

71— fvi — - 8

3 3

0" |
0 0204086808 1
Position

R e LD e




Equations of the system: 9

IAL
i

® phOtOﬁS: OA};'“"‘-'

i

- . 51 (g . l o
+ ?.!.'.;r.-ﬁ"-;.:‘)' — ' — il + [ — A.'j-l" - Aﬁr“" — by, — 5/—’-_1 ()T (1)

c v ]
—ihpdn T — f'-'-{—-’l',':" + ;“ = P11} (2)

[ =2

m=A Al Al E=anX.or L= Py(p) = 5(1 = p%)

8, — —kuv. + 3¢ (3)
e DM : |
v, = —Huv. + ko (4)
&y, — —kvy + 3¢ (5)

(6)

e Baryon:

P

=N fay

9y o 40., . &) .
'?.-‘;, = —Hauy, — (?fzk‘d}, + ‘Sp‘ !i(:i;ﬁf}iij - ?,';,) — kb C
YL

dF,
)

e Neutrino: + ikpF, = Ay — ikpo) (7)

-~ [ eleg™ o f a, .2 . - )
ik, N = .fr:‘r+l' =\ '.l—.'.;“l.'x.'l! - I}F'_..gi.".'. nl P,'l_p.:
LT I e

e Hinstein BQ : 20+ ani + o) - —4x(:¢ﬁzfs,;.- (8)

¢

k(v + Ho) = 4xGa? Z{p’ + P, (9)




AT
Focus on : —

» Solve BE: multipole expansion, ignore higher order, just keep order of 0 & 1

()A(b) .
E— (S) I

07; Ay +v
a"A'(I’Sl) (b) (.5)
BA,(PS; k (b) (S) 11 (S)
0—7)_0(2A — 347 )""‘(E—A )

dn 2+ 1[IAT(1—1) —(+1)A T(l+l)] . 1>3

oy 2+ 1[1AP<'-1> —{t+ 14 u+1>]+"[ AR+ 5 (00 + )]

- kn
For strong coupling (t > 1) : 4 27 Aj-1 1995: Wayne Hu& ...

Do(m) + Y(m)~ [A6(0) + (0)] cos(krs)
A1 ()~ [A0(0) + (0)] sin(kry)

e T L ety

Oscillate .....




From A; to angular power spectrum:

o what inflation predict is the variance of ®

(®(k)D* (k"))=(2m)3 Py (k)53 (k — k')

e It’s useful to do the decomposition into harmonics

A[ ( n ) - Z (llnz}'hn ( f’)

Im

e angular power spectrum
< A Qg > = G0y Oy

Ci= 81y Sy 47t [ dlnkejff (kD ) PCID/h(k)



CMBHHFEHFER

TT power spectrum:

4

ten-degree scale degree scale a-tenth-degree scale
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CMBHHFHZFER

PR :

RSB T LR, BEDE TS TR RS A T CMB.

S BB E 4 (Recombination) Hf, I REMEAL 7K1 HE &

Recombination Recombination

- =11/ sound
— IV horizon

93

from Wayne Hu



CMBHHFHZFER

First peak position:
curvature of universe

L3

Z -Qi + -Qk = W.Hu 11700 1 1000

from Wayne Hu
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from Wayne Hu
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CMBHHFEHFER

0l

\ The difference between 2nd
and 3" peaks: baryon !

Baryon add extra mass to the r-

baryon fluid, the controlling
parameter is the momentum density

ratio

R = Py 7+ Py ~~ 302, h* ( @
Py t+ Py

Which is important at recombination ! Of order unity

» Modification to the solution

[Ar + (1 + RWI() = [Ar + (1 + R)¥] (0)

» Even-odd peak modulation of effective te
(O + Vpenies = [£(1 + 3R) — 3K éwm}

©+ V], - [8+ ¥]p =] GH.]%HJ[O}



CMBE

AHY

—— \\P Jr
- J 13

W. Hu 11/00

10

Damping tail : baryon

1000

from Wayne Hu
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k® Pg (k) =

On inflation

* Model parameters : Ag, ng, 7, Ny

8w H?2

“a 2

9 em
pllon=k

H
= As(ns1, K3 P, (k) = 81—

2 k
= Ar()"T
pl aH=k k*

. k3
Cr= 81y Sy 47t [ dinkji (kD.) - Py p(K)

Tensar-to-scalar ratio {nom)
0.10 0.1% 0.20

.05

0.00

Q,q%‘
S8

o,

i,

.94

oo < 0.044

N.A6
Primordial tilt {n)

n.098

(95 % CL, Planck TT,TE,EE

+lowE+lensing+BK14).

TT,TE EE=lowE~+ ensing

TT.TE.EE~lowE+ ensing
+EBK1a

I, 1 EEE+loak+ ensing
B pkidiBa0O

B Matural inflation
S Hillzep quartic mosel
¢+ attractors

Power lave (ntlation
12 inflatian

Voix g

Vi ",;;ll-"i

Ve

V' x ('.33

Low wcale SB SUSY
AN.=50

N.—BD

ee || |11

1.0

n; = 0.9649 + 0.0042
(68 % CL, Planck TT,TE,EE+lowE+lensing).



Table 1

The constraints

1807.06209
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CMB polarization:

» Thomson scattering can only form linear polarization, so V = 0.

Quadrupole 100% Q 100% U
Anisotropy +Q Y +U |’
X 15 X
Thomson
—~ 5 ! Scattering Q>0;U=0;V=0 Q=0;U>0;V=0
(a) (c)
-Q ' -U '
X = X
Linecar
Polarization Q<0; U(;)O‘V=O st u(;)o Yoo




Stokes parameters

Description
Ec=at)cos[wot—0(1)] 1=(al) (af), U=(2a,a,cos(0,—0,)),

E,=a(t)coslogt—0,(1)] O=(ax)—(a3), Vv=(2a.a,sin(6,—6,)).

I: intensity s Q and U: linear polarization, V: circular polarization
» Elliptical polarization is the combination of linear polarization and circular
polarization, which is the most general case of photon polarization.

100%Q [ 100% U | 100% V
N A +Q |” U |7 +V

Q-0;U=-0;V=0 Q-0;U=0;V=0

(a) il
Linear + Circular + Elliptical -Q -U

Q<0 U=0;V=0 Q=0,U<0. V=0 Q-0;U~0; V=0

ib) {d) (f)
0, = 0, linear polarization, V=0 Jozruziv?

T Degree of polarization: P=
0, —0,= 2 1 0x = Ay, Circular polarization P=0, natural light




Coordinate independent quantities

Q, U are not coordinate invariants

Q+iU — e™(Q +iU)

E.B decomposition:

Onae= | @S Y5 O+l m)
N et

(Q+iU)(n)= 2 as ¥ im(n) === N AU RN Q= iU,

T
Im Loel

(Q—=iU)(n)= ,E a—3im—2Ym(n) &t~ } 0GR
m

F.o» =1
=2zl

=20

‘ } dOYE o Y —=iln.

ap im= — (Ao U _25m) 2,

apg = iAoy = a_ E,Jm)f"z-

E: parity even, B: parity odd
E-mode B mode



Map of E & B

E-mode B-mode

R. Durrer
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m

HE O,/ wX)
1

TE :
(Q-"‘.U)(';]: 2 a2,fm2Yf'm(';) = F *
- 4
ey s ™ A ;') \
(Q_‘L")(”)—z @ 2im Zya'm(.n) = T \
o [ L Lodemenst p N
- 1) 141 LUl 5 16161 QUL

From scalar (left) /tensor (rig};t)
Challinor & Peiris, 0903.5158

< aT V! AT lm 2= ('[ éll’()mm’ < b m’Elm == Cl ()[1' mm’

BB TE
< BI*"IN.'B"” A= CI 11 Oy < a‘},[' 1B >= CI 01 Orrum?

m

TB
< a"’;‘.l’m’B("? >= ('I 5”'6‘"”"' < E;:-m'Blm >= (1 B()H'omm



B mode: primordial gravitational wave

Scalar quadrupole,
azimuthal symmetric Tensor quadrupole,

generates T and E without azimuthal symmetry,
generates T, Eand B

(Compression) -
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If no perturbation



Tensile & compression




Trace back to last scattering surface, t = 380,000 years




Trace back to last scattering surface, t = 380,000 years

]

|\ c,
@\@A
|

\
o‘6
Quadrupole

. 5 . Anisotropy

J \ Thomson

Linear "
Polarization

Polarization are generated !



The next goal: Primordial gravitational waves
has not been discovered yet !

Exploring the origin of our universe

1) inflation
2 ) bouncing

3) cyclic universe

Different models predict different PGWs !

Pt 1 T I

Birth of Primordial Cosmic Micromave Background , Fo
the Unnerse  gravitational waves {CMB) The first stars Current Uriverse
IO 102202 378,000 years 13.8 billlan y'%

Inflation Dark age Formation of galaxies



The detection



400-500 photons/cm3




How weak it is?

Wavelength [mm]|
1

067 0.5
T T T T
400 —
FIRAS data with 4000 errorbars
— 2.725 K Blackbody
U]
- 300 -
-
=
2 200} |
W
c
3
£ 100 -
0 L 1 b
0 5 10 15 20

V [/em]

« Peak wavelength : 1=2mm
« CMB Radiation Intensity : 3.3 microwatts/m?2
« Radiation intensity of human body : 500 watts/m?



How to detect ?

A%
A%
A%

CMB photons (=light)

Photons get absorbed by block,
Block heats up,
Thermometer senses temperature rise.



How to observe ?

* Want

I. Super-sensitive
thermometer

2. Small, very cold, block
(so CMB photons heat it
up fast)

3. No “extra™ photons
from our hot environment.



Sensitive Thermometers: TES
 Optical load :

-~ x 'T‘
* Ploga = 277kTR]Av + Pinternai 7 \z *
- Saturation power: '

(T /T )n+1_1
* Psgturation = ToGo s TOL+1 ~ 2P1pqa
« Detector noise: NEp = \/NEpghomn + NEPZ, on + NEPZ 0,
« Photon noise: NEPphomn=\/Zthload+2fAl°‘;dj W\ )
v(av/v e —
« Phonon noise : NEPyponon = +/4ksGT2F, G = G, (Tlo)n
* others

ST I

PdAu  AlMn
BLING film

Resistance [mOhm]

BICEP collaboration _.
SIN

legs

96 98 100 102 104

Temperature [mK]



CMB photon detector module

Gray = Silicon water

black = "opea space” v Super sensitive Themmaomete
10
i
f
0.5 Kelvin E OfF
island™ b | |
i T TITT7 777
(L ) L Lo ;f L
0
= Photon Absorber Teperature ImBl
detectors in one module 1 module Integrate several modules

Arxiv: 1607.06861, BICEP3 focal plane design and detector performance, BICEP collaboration



SPT Polarization “Camera”

“Pixels™ sensitive
to 2mm light at the
center, and 3mm
light (outer set)

Current “state of
the art™ 1s around
1000 pixel
cameras.

Here you see the

“feed horns™ that

funnel light to the
detectors...

From SPT collaboration



SPTpol 150GHz Detectors

(built in a cleanroom at NIST)

(4 few vears to develop the ability to make a working first copy,
~ I month for a batch of 2-3 after that. SPTpol has 7 copies.) From SPT collaboration




Polarization measurements: experiments

|}| LI U I N I A I A |




Measurements oy
: i THETH
« WMAP satellite has mapped o | ¥
the temperature fluctuations S S Uy S S SO
over the entire sky, the region o |t et ar i
around the third peak has been .
filled in by balloon and ground- ' B o o
based experiments such as N
BOOMERANG and CBI,and ek . . .. ..o . ...
on small scales, ACBAR o | e comtaencespperienns T
recently resolved the fourth , ==
and fifth acoustic peaks for the 0" o
first time. 0
« BOOMERANG: flat universe * S

J. Kovac, et al. nature420 (2002), 772

Boomerang collaboration. PRL86 (2001) 3475-3479



A new stage for BB measurement after
BICEP2

10° : SR : SR S
BICEP2 E . 3 ot
BICEP1 Boomerang 2 ,d_ : v}
10" O\"IAD : :";-——v——‘L -’:‘v:v
QUIET-W CAPMAP i ,,:\r':'*' o
-— V- Va >-r v
Nig 0 = 3.0 +—v~
= 10 N — O
& —— % ¥
oM - -
% —le
= 10" —>—— = Y- — 3
+ AT :
107} = ]
,.“/‘/"0 . \eoé_\‘\_g
S\ i o
1075 - -
10 10 10
Multipole

* The most accurate measurement of polarization with error
bars on BB Spectrum

* Component separation for foreground reduction: dust &
syncrotron



What does Planck tell us ?

Angular scale

a” 1° 0z 31" Las”
% s, j
-~ .
“* .o..o‘."w"»’.
W g ee oS3 TY Mﬁ,’m
Planck '3»',.““~'K
1% i,
ACTPol ‘
oL, o o
BICEP2/Keck %, § X J L ¥ !q
1 RICEP2/Kerk/ d ¥ o ‘4' o T
0 > . e & t‘ft
3 WMAP/Plank » & h 3
& . 4
— + EE ‘ &
T "‘.o'. [ [ ’
o
wie v
‘ .

oiflt £

1=

* multi-frequency measurements: 9 bands from 30 — 857 GHz
» precision measurement of T & E
» Contamination from dust can not be ignored !



The polarization detection after Planck

2001: ACBAR

* Ground observations
will play importantrole: [ .
* Litebird may happen in
almost 10 years. NV
* Ground observation Fro_Secalii & 4 xor-cuses
have achieved large SR :
stride |

2007: SPT
. 460 deteciors %Q&Z

Dl
2y q 'b--’gd -
. 2016: SPT-3G
SN -5 200 geteciors

* Ground telescope have many advantages
* alarge amount of TES on the focal plane
* Array of Telescope is easy



Ground and space are complementary

ATHzZ 1 e R
Dusl Space
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CMB | Wound
Synchrotron | suGH: B
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Approximate raw experimental sensitivity (LK)

| | I
: , : — Space based cxpeniments
10"1 ¥ " ) —-S‘tage—l—vioodetecm
: s Stage-|l - = 1,000 detectors
- Stage-Ill - = 10,000 detectors
1Y = w 1 Stage-|V - « 100,000 detectors
”2145_ ‘ age . ors |
107}
107 i ;
. .
'
.
O
~
. G Ve,
10"‘ b , .......................... e -
2000 2005 2010 2015 2020

CMB 54

CMB 54 white paper



Large + small aperature telescopes:
CMB physics after Planck > More detectors

» Large sky coverage

» Moredeepobs |

B Searching for primordial

gravitational waves: constrain
the energy scale of inflation and
to test alternative models, and
to provide insights into quantum
gravity;

g e Measuring effective number of

light relativistic species (dark =
radiation): to search for new light -
relics, independent tests of BBN : et
and understand the evolution of
the Universe at t = 1 sec;

 Sum of the neutrino masses;

orea
-

' TEWe  rrOT ANbas [ELY]

* Dark energy study_: using Requirement: The way:
secondary CMB anisotropy * need sensitivity : *  More sensitive
through its impact on the growth 1 uk arcmin detectors
of Str:UCture; o * over half sky, * Extendto

* Testing g_eneral relativity anpl « four years survey , northern sky,
constraining alternate theories of with 500,000 «  New telescope:
gravity on large scales. CMB-sensitive Current telescopes

CMB 54 whitg paper detectors; are saturated;
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H. Li et a/arXiv:1710.03047
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PWV: Datasets

Y.Li, Y.Liu, S.Li, H.Li and X.Zhang, ArXiv:1709.09053

° D S !
atasets . Q.Ye,M.Su,H.Li,X.Zhang, ArXiv:1512.01099
MERRA-2 Reanalysis data (NASA) : Chao-lin Kuo, ArXiv:1707.08400

« Spatial Resolution: 0.625lon*0.5lat*72layers

« Time Resolution: 3hours

« Data : Relative humidity, Temperature, Pressure, Altitude....
« Radiosonde data from Ali local weather station :

« Send the balloon twice a day : 07:00 & 19:00

« Data : Dew-point temperature, Temperature, Pressure....

Radiosonde

Formula:

PWV = [ puih = [apin=-1/g [adp~-1/93 diop



Results:
(1mm/5250m, 0.6mm/6000m

16 T r -

— ANCPT-1 (5250m)
14 ~— AliCPT-2 (6000m)
12

|
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8
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PWV distribution ( MERRA-2)

Strong seasonal variation.
Oct. to Mar: The median value of PWV is

Radiosonde: 0.92mm/0.56mm
MERRA-2: 1.07mm/0.62mm

Results derived from satellite and radiosonde are consistent.

Radiosondes
~  MERRA2
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Comparison between MERRA-2 & radiosonde
(Oct.-Mar)



« Observing season: Oct. to Mar.
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Monthly distribution ( 5250m ) Monthly distribution ( 6000m )
1.0
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CMB observation in Tibet
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Scientific goal

Fluctuations

=
=
=
LA
=
<

Gravitational Waves
Ty £7% ™ ™
J 1

Inﬂation

13.8 Billion yrs

* Probing the primordial gravitational waves (PGWs) with BB spectra.

* Measuring the rotation angle, testing CPT symmetry with TB and EB
spectra.

* Investigating the CMB polarization hemispherical asymmetry.
» Studying the cross-correlation between ALICPT and DESI.
» Studying the galactic foreground.



Current status

4 h

Finish site construction

Test mount in factory

Develop telescope

® & Vv o

Construction for control system,
operation system and science

analysis platform




Preliminary concern on Scan strategy

e Observation in Ali

» Sky move fast: helpful for large sky
coverage, but not easy to focus within one
small patch.

« “clean” area in north, also in south: helpful
for going deep 1n north, and cross check in
Sourth.

simulation results, Preliminary



Simulation: sensitivity

AliCPT-1 is designed to have its first light in the winter of 2020

ﬁ:

PLANCK 100 GHz & 143 GHz AliCPT 95 GHz & 150 GHz & Total
Pol ~50 uK arcmin in total 4 modules 1 season, median map-depth 14 uK arcmin

* Probing the primordial gravitational waves (PGWs) with BB spectra.

* Measuring the rotation angle, testing CPT symmetry with TB and EB spectra.
» Studying the cross-correlation between AlICPT and DESI.

» Studying the galactic foreground.

* Investigating the CMB polarization hemispherical asymmetry.

° ... Scientific goal from Xinmin Zhang



Preliminary results from simulation

e ez in QoW lukscnein

Simulation: noise map

Simulation: BB power spectrum
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Cosmological study with AlICPT-1

SOURCE

GALAXIES ——

* Cross correlate with DESI , ,{ﬁ\fms

* Scan galaxy: signals for
foreground

(GALAXIES

’/

DARK MATTER

J. Yao




AlICPT-1 map depth

patchl mapdepth unit=uk arcmin,Ra=272 4, Dec=55.6

[ECTERTD B FT [TUE T T RTINS S R T DR N ST N )

513 10832

LR MY p DI MM

Observational time: 795 h
Minimum map depth: 6.9 uk arcmin

Maximum map depth: 13.8 uk arcmin

Equatorial

Planck map depth: 48 uk arcmin (all channels)



Thank you




