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Outline of the talk

•AliCPT site

•B mode physics (from space + ground)

•AliCPT collaboration

•AliCPT current status, future plan and science

•Summary
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Where is the AliCPT (Ali CMB Polarization Telescope)

Located on a hilltop B1 (૜૛°૚ૡᇱ૜ૡ′′	N, ૡ૙°૙૚ᇱ૞૙′′ E),
in the Ngari (Ali) Prefecture of Tibet,

at an altitude of 5250 meters. 

• The Himalayas is to its southwest 
and runs from northwest to 
southeast, separating the Ngari(Ali) 
prefecture from the Indian Ocean. 

• AliCPT (B1, 5250m) is only about 1km
to the current well-developed A1
station (5100m) of the Ali 
astronomical observatory.

AliCPT site

Indian Ocean
Indian Ocean
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How to go to AliCPT
• Ngari Gunsa Airport is about 20 km away from the 

AliCPT site.

• Daily commercial flight between Ngari and Lhasa
One flight between Ngari and Kashgar (Xinjiang Uyghur 
Autonomous Region) every Tuesday and Friday.

B1China National Highway G219

• Concrete pavement towards the 
B1 point has been completed.

• The National Highway No. 219 
from Airport to the Shiquanhe city;

• A road branched off to the AliCPT
station at B1.

Shiquanhe City 4



Shiquanhe City

It is only 30 km away from the AliCPT site.

120 Emergency Center Hotel (with Oxygen Provided) Post office

• Capital of Ali prefecture
• Population around 20,000,
• Equipped with culture, commerce and health facilities.
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A1 station

• Some optical telescopes 
are running now.

• City grid electric power 
and the network 
connection have been 
set up.

Developed about 10 years ago

150m lower than

B1 (AliCPT)

About 1km away from B1
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B1 station (AliCPT site)

Altitude: 5250m

Coord： ૜૛°૚ૡᇱ૜ૡ′′	N ૡ૙°૙૚ᇱ૞૙′′ E

Figure left:

Construction began in Mar. 2017

Building 850݉ଶ

Weather station:

Pressure, wind speed/direction, temperature 

City grid electric power / Generator

Network connection

Oxygen system

Wind break
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H. Li et al arXiv:1710.03047, 
Kuo C.-L.: arXiv:1707.08400

Global distribution of mean PWV (Precipitable Water Vapor) 

Ali: open up a new window for CMB polarization observations

POLARBEAR

ACTPol
e.g. SPT and BICEP

Water vapor will:

• Reduce transmittance (absorption)

• Increase photon shot noise (emission)

• Increase optical loading on detectors (emission)

Greenland

Tibet

Atacama

Antarctic
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Ali

Atacama

South Pole

• AliCPT can cover 
• whole northern sky and partial 

southern sky
• region with the lowest foreground 

contamination in the north.

• Overlap between AliCPT and southern 
experiments can be used for cross-check.

• Complementary to missions in Antarctic 
and Atacama.  Realize full sky coverage.

North

South

MilkyWay galaxy

South Pole, Atacama Desert, Ali Full sky coverage 10



CMB polarization: E/B mode

Wayne hu

• E mode: even Parity

• B mode: odd Parity
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The physics of the B mode

Phenomenological parameters:

• :ݎ tensor to scalar ratio

• :തߙ global CMB rotation angle

• :ߙߜ spatial dependent rotation angle

Observations:

CMB polarization maps

௟஻஻ܥ

௟்஻ܥ

௟ா஻ܥ

ݎ

ߙ ≡ തߙ ൅ ߙߜ

Estimate

Constrain

CMB-S4,arxiv: 1610.02743

Planck
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Dynamical models for

• r: Inflation theory

introducing ߶ሺݔሻ, then inflaton

ࣦ~
1
2 ఓ߲߶߲ఓ߶ െ ܸሺ߶ሻ

ܸ ߶ 	~	݉ଶ߶ଶ, •…,ସ߶ߣ :	ߙ Chern-Simons theory

ࣦொா஽~ െ ଵ
ସ ఓ࣠ఔ ࣠ఓఔ ൅

௖
ெ
߶ ݔ ఓ࣠ఔ ෨࣠ఓఔ,

where: ෨࣠ఓఔ ൌ ଵ
ଶ
߳ఓఔఈఉ࣠ఈఉ

߶ሺݔሻ: Axion scalar,

Axion string,

Quintessence scalar 13



Chern-Simons theory
(Axion coupling) 

߶ ݔ ఓ࣠ఔ ෨࣠ఓఔ~߶ ݔ ఓ߲ܭఓ

߶ ݔ ఓ࣠ఔ ෨࣠ఓఔ

,ఔ࣠ఈఉܣ߳ఓఔఈఉ	~	ఓܭ ׬ ఓ߲ ߶ ݔ ఓܭ ൌ 0

ఓ߲ ߶ ݔ ఓܭ െ ఓ߲߶ܭఓ

(Trivial vacuum)

െ ఓ߲߶ሺݔሻܭఓ
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During evolution

ఓ߲߶ሺݔሻ ߲଴߶ሺݔሻ

For RW universe, time dependent vacuum expectation.

ఓ߲߶ሺݔሻܭఓ ߲଴߶ሺݔሻ	 ଴ܭ

ఓ߲߶ሺݔሻ	 ఓܭ െ ఓ߲߶ሺݔሻ	 ఓܭ

So now:
ࣦொா஽~ െ

1
4 ఓ࣠ఔ ࣠ఓఔ ൅ ఓܲܣఓ ෨࣠ఓఔ

ఓܲ: ଴ܲ	ܿݐ݊ܽݐݏ݊݋	ሺ݁ݐ݈݅ܿ݅݌ݔ	ܶܲܥ	݊݋݅ݐ݈ܽ݋݅ݒሻ

ఓ߲߶ሺݔሻ ߲଴߶ሺݔሻ (cosmologically)

ఓ߲݂ሺܴሻ (R: Ricci scalar)

Under CPT transformation:

CPT
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ߙ ൌ െන ఓ݌ఓݔ݀
௙

௜
, 	 ~ఓ݌ െ ఓ߲߶

With the Chern-Simons
term, the CMB polarization
get rotated

Rotation angle:

Bo Feng, Mingzhe Li , Jun-Qing Xia, 
Xuelei Chen and Xinmin Zhang
Phys. Rev. Lett. 96, 221302   (2006)
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Measurements on from CMB experiments

Reference/Data Rotation angle 	തߙ
1WMAP3+BO3 െ6° 					േ 4°

2WMAP3 െ2.5° 		േ 3.0°

3WMAP5 െ1.7° 		േ 2.1°

4WMAP7 െ1.1° 		േ 1.4° 			േ 1.5°

5WMAP9 െ0.36° േ 1.24° േ 1.5°

6QUaD െ0.56° േ 0.82° േ 0.5°

7BICEP1 െ2.60° േ 1.02°

8BICEP1 െ2.77° േ 0.86° േ 1.3°

9POLARBEAR െ1.08° േ 0.20° േ 0.5°

10ACTPol െ0.2° 			േ 0.5°

11Planck 2015 0.35°		 േ 0.05° േ 0.28°

1Feng, et.al., 2006, PRL 96, 221302 
2Cabella, et.al., J. 2007, PRD, 76, 123014
3Komatsu, et.al., 2009, ApJS, 180, 330‐376
4Komatsu, et.al., 2011, ApJS, 192, 18
5Hinshaw,  et.al., 2013, ApJS, 208, 19
6QUaD Collaboration, et.al., 2009, PRL, 102, 161302
7XIA, et.al., 2010, PLB 687, 129
8BICEP1 Collaboration, et.al., 2014, PRD, 89,062006
9The POLARBEAR Collaboration, et.al., 2014, ApJ, 794, 171
10Naess, et.al., 2014, JCAP, 10, 007
11Planck Collaboration,  arXiv:1605.08633
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M. Li, B. Yu
arXiv:1303.1881 18

e-Print: arXiv:0810.0403



list of references on anisotropy of rotation angle:

• POLARBEAR Collaboration 1509.02461
• BICEP/Keck Collaboration 1705.02523
• Amit P.S. Yadav, Rahul Biswas, Meng Su, Matias 

Zaldarriaga 0902.4466
• Vera Gluscevic, Marc Kamionkowski, Asantha

Cooray 0905.1687
• Vera Gluscevic, Duncan Hanson, Marc 

Kamionkowski, Christopher M. Hirata 1206.5546

• Carlo Cotaldi 1510.02629
• Toshiya Namikawa 1612.07855
• Dylan R. Sutton, Chang Feng, Christian L. 

Reichardt 1702.01871
• Dagoberto Contreras, Paula Boubel, 

Douglas Scott 1705.06387
• Levon Pogosian, Meir Shimon, Matthew 

Mewes, Brian Keating 1904.07855
• … 19

e-Print: arXiv:0810.1286 [



strongly correlated
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H. Zhai, S. Li, M. Li, Xinmin Zhang, arXiv: 1910.02395 

Joint constraint on “B mode physics parameters”(r, ࢻഥ, ࢻࢾ)
with CMB polarization data

from BICEP, Planck, ACT, SPT, POLARBEAR



• Led by the IHEP, the international collaboration 
includes: about 100 scientists from China, US, 
Europe.

• Funded already by the CAS, NSF of China.

• Executive board: Xinmin Zhang (PI), Chao-Lin Kuo
(US PI), Fang-jun Lu (Manager)

Visiting Ali Site

AliCPT-1 collaboration
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Pipeline, data analysis, scan strategy, control system, site, mount, 

test/integration 

Cryostat receiver, optics/AR, focal plane module

Logistics, site 

Detector arrays and modules, feedhorns and readout components 

LNAs, cryogenic harness, readout electronics 

Scan strategy, calibration

Science, data analysis 

E/B leakage, early universe models

Foregrounds, cross-correlations 

Foregrounds, lensing

…

IHEP:

Stanford:

NAOC:

NIST:

ASU:

NTU:

APC:

USTC:

SJTU:

BNU:

Core member institutes of
AliCPT-1 collaboration
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AliCPT-1 current status, 
future plan (AliCPT-2)

and science

24



• 2014 – Project proposed 

• 2017 – Site construction starts 

• 2018 – Site construction ends 

• 2019 – Cryostat under fab,
design single pixel detector,
mount under test,
pipeline development

• 2019 – cryostat delivery at Stanford ，

• 2020 – Integration, test, commissioning at Stanford 

Deployment and first light with at least one and up to 4 modules by 
end of 2020

AliCPT-2:
• Add 15 modules to AliCPT-1 (with more frequencies?)

2020 4 modules, 2021 10 modules, 2022 15 modules,
2023 19 modules

• Large aperture Telescopes

AliCPT-1 Timeline & AliCPT-2
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Sept. 2019

1. Bearing capacity

max. 1.5tons

2. Driver spec. requirements 

AZ: range ±270deg.  angular speed >5deg/sec

EL: range 45‐135deg.  angular speed >1deg/sec

DK: range 0‐181deg. angular speed >2deg/sec

3. Pointing accuracy

better than 1’ w/o correction

Better than 10” w/ pointing model correction

Test now, and expect to ship to B1-site soon. 

Mount

Slides from Congzhan Liu26



Slides from Maria Salatino27



Slides from Maria Salatino28



AliCPT sciences
B mode physics:

• BB: Measuring the primordial gravitational waves (PGWs),

tensor to scalar ratio (r), probing the origin of the universe. 

• TB, EB, BB: Measuring the rotation angle (ߙത,  testing CPT ,(ߙߜ

symmetry.

• Investigating the CMB polarization hemispherical asymmetry. 

• Studying the cross-correlation between AliCPT and DESI.

• Cosmology with precision measurement of CMB E modes.

• Studying the galactic foreground. 

• Studying the dark energy property, neutrino masses

。。。。。。 29



Sensitivity on r  and  :ഥࢻ

Raw sensitivity on r Raw sensitivity on തߙ

Sensitivity on map level: 

Sensitivity

2020

4 mods
6816 dets

2021

10 mods
17120 dets

2022

15 mods
25680 dets

2023

19 mods
32528 dets

according to PI’s plan, AliCPT‐1 for the first years’ 
observation, AliCPT‐1 + 2 for 2021‐2023.

PLANCK 100 GHz & 143 GHz
Pol ~50 uKarcmin in total

AliCPT 4 modules 1 season
Median map‐depth 14 uKarcmin
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AliCPT is one of the four gravitational waves projects in

China (for the PGWs); The others being FAST, space probes

TianQin & TaiJi (for the astrophysical GWs).

• AliCPT-1: First light in 2020.

• AliCPT-2: More detectors, more frequencies, larger

aperture.

• Complimentary to SO in Atacama desert, BICEP Array in

South Pole… for sky coverage, science (testing inflation

theory, Chern-Simons theory、CPT symmetry…).

Summary
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Thanks!
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