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Current status of dark energy

Probes dynamics of dark energy with AliCPT

Interacting dark energy: Chern-Simons coupling   
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Lots of efforts and data 
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DESI release DR2: 3-years observation 

Dark Energy Spectroscopic Instrument 
(DESI), 

Kitt Peak National Observatory

  30 million galaxies and quasars in 3 
years of operation,

DR2 cover galaxies at higher redshif, 
significant expanding galaxy sample

DESI collaboration, JCAP 02 (2025) 021, arxiv:2404.03002，DESI collaboration, arxiv: 2503.14738
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p  DESI-DR2  show a stronger preference of a time-varying dark energy EoS, at > 
4� ,  challenging w= -1  (e.g., the cosmological constant, Λ)

New constraints on dark energy from DESI DR2

Yifu Cai, et al. , The Quintom theory of dark energy after DESI DR2, arxiv: 2505.24732 
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Various method yield consistent evolutionary trend

G. Zhao, R. Crittenden, L. Pogosian, X. Zhang   (PRL,  2012) （ 2.5 �)
G. Zhao, et.al.  （BOSS 合作组）Nature Astronomy, 1, 627-632, (2017) ( 3.5 �)
G. Gu, et al., （DESI 合作组） arXiv:2504.06118,(2025) (4.3 �)

Strongly suggest possible dynamics in DE ! 
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p Theoretically, it is implausible that a dynamical background field, constituting 68% of 
the universe's energy budget, would remain completely decoupled from other cosmic 
components !!!

Neutri
nos

Dark energy may have interactions 
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Interacting DE: a new pathway to understand DE

Ø I： Precise measurement of the dark energy equation of 
state

• More data：DESI、LSST、Euclid、CSST、ESST…

Ø II：model building

• Quintom model building、cosmic evolution…

Ø III：Investigate the potential interaction between dynamical 
dark energy and ordinary matter

• Interaction： Opening a new window into the physical nature of 
dark energy

p Building on a dynamical framework 



10

Interacting DE: a new pathway to understand DE

Ø I： Precise measurement of the dark energy equation of 
state

• More data：DESI、LSST、Euclid、CSST、ESST…

Ø II：model building

• Quintom model building、cosmic evolution…

Ø III： Investigate the potential interaction between dynamical 
dark energy and ordinary matter

• Interaction： Opening a new window to refine the physical nature 
of dark energy

p Building on a dynamical framework 
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Chern-Simons interaction between DE and photon

p   The derivative coupling has the advantage of naturally incorporating 
shift symmetry:   efficiently avoiding long-range forces

���~������� • Derivative of Scalar Field：     ��~��� � 

• Dual Electromagnetic field Tensor：��� = �
�
��������
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p Induce a polarization rotation in photon

ℒ�� modify Maxwell’s equation

ℒQED~−
1
4
ℱμνℱμν − 1

4
αϕFμνFμν ,  α = c/M 

A± + (κ2 ∓ κ c
M
ϕ )A±=0

β =  c
M
 �μϕdχμ = c

M
 ∆ϕ

�νFμν +
c
M
�ν ϕFμν = 0 , A − ∇2A +  

c
M

 − ϕ ∇ × A +  ∇ϕ × A 
= 0

depends on both the photon propagation distance and the variation of the associated DE 
field
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p Induce a polarization rotation in photons
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 − ϕ ∇ × A +  ∇ϕ × A 
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depends on both the photon propagation distance and the variation of the associated 
background field
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CMB photons
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Rotation Angles in CMB Photons: A window into cosmic history

∆�: providing a smoking gun for tracing the cosmic 
evolution of dark energy

Insight into new physics in dark side 

� =  �
�
 ������ = �

�
 ∆�
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 Non-zero TB，EB

 �Oℓ
�� = �ℓ

��sin 2�
 

 �Oℓ
�� = 1

2
 �ℓ

�� − �ℓ
�� sin 4�

 ��ℓ
�� = �ℓ

��cos 2�  ,

 ��ℓ
�� = �ℓ

��cos2 2� + �ℓ
��sin2 2�

 ��ℓ
�� = �ℓ

��cos2 2� + �ℓ
��sin2 2�

Feng, H. Li, M.Z. Li, X.M. Zhang, (2005)

�� ± ��� =  � ± �� �±2��

P Map
Arthur Lue, et al. (1999); 
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Summary of the Measurements from CMB Experiments

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
12Yuto,et.al., 2020, PRL. 125, 221301
13P. Diego-Palazuelos, et.al., arXiv:2203.04830
14 Johannes, et.al., 2022, PRD,106, 063503

Refs：

Latest measurement：non-zero @3.6�
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《Physical review focus》 report this paper 
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Improve sensitivity of �:

Ali CMB Polarization Telescope
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Ali CMB Polarization Telescope (AliCPT)

AliCPT is an international CMB project, located in Ali region 

of Tibet at an elevation of 5,250m. It is dedicated to the 

precise measurements of the CMB polarization, with the goal of 

detecting the Primordial Gravational Waves (PGWs), measuring 

the CMB Polarization Rotation (CPR) angle, etc.



AliCPT Collaboration since 2016

Institute of High Energy Physics(IHEP), Stanford University, 

National astronomical observatory(NAOC), NIST, ASU, 

CNRS/APC, SJTU, BNU, NTU, ……

21
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receiver & mount Maria Salatino ,et al. IEEE Transactions on Applied Superconductivity 

Table of designed parameters 

Summary for AliCPT design parameters
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Ali in the North Offers a great site for CMB

Hong Li, et al.

Global PWV distribution

• CMB observations require locations with low Precipitable Water Vapor (PWV)



Ali

Atacama

South Pole
• AliCPT :

• ~10% clean patch for deep survey of r

North

South

With the three sits on earth Full sky coverage
24

• AliCPT can serve as a complement to the telescopes 

in the South Pole and Chile:
• ~64% of whole sky

• There is sky overlap

• Good chance for cross check
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Ali Site:  Water Vapor is comparable with Atacama

Median value of the Precipitable Water Vapor (mm)

Data Nov. Dec. Jan. Feb. Mar.  Oct. ~ Mar.

MERRA-2 
(2011- 2017) 1.06 0.80 0.78 1.01 1.39 1.08
Radiosondes
(2015 - 2016, 7:00, 19:00) 1.19 0.56 0.59 0.61 1.40 0.92
FTS 
(2017 - 2021) - - - - - 0.90

RPG 
(2021) 0.72 0.64 0.87 0.81 0.98 0.78 

(Nov. ~ Mar. )

Atmospheric transmittance for AliCPT site

Radiometer deployed at 
B1 site

l All these measurements are highly consistent, indicating low PWV

l Median PWV value is below 1 mm through out the observational season (early 

October to end of March.)

l This makes it ideal observation at 90 and 150 GHz, and even better for low 

frequencies.



26

Science goals of AliCPT
l Measuring CMB BB spectra

l Searching for Primordial Gravitational Waves

l Testing inflationary theories and early Universe models

l Measuring CMB TB & EB spectra 
l Measuring CMB polarization rotation angle

l Testing Chern-Simons Theory and  CPT symmetry

l Measuring CMB EE spectra
l Study the early dark energy

l Precisely test the LCDM

l Millimeter-wave Northern Sky Survey
l CMB lensing reconstruction

l Cross correlation with Large Scale Structure

l Galactic foreground, magnetic fields science

l Time-domain astronomy

l Joint analysis with full sky coverage from ground missions



27

Forecast on PGWs (r) based on AliCPT schedule

Data Challenge Results with 4mody data

AliCPT-1 collaboration:JCAP10(2022)063

Science goal:  r sensitivity

- All results from our post-map pipeline are 
consistent and successfully meet the data challenge
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First Light in April 
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Improve CMBP-RA sensitivity 

�� = � +  �����
�����

p Isotropic CMB polarization rotation angle is highly 
degenerates with  an intrinsic angle of detectors

p Strategy: break the associated degeneracy 
provides a way for achieving higher-precision
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Break degeneracy: using foreground emission

Reference/Data Rotation angle �

1Planck 2018 0.35° ± 0.14°

2Planck PR4 0.35° ± 0.11°

3Planck+WMAP 0.342° −0.091°+0.094°

1Yuto,et.al., 2020, PRL. 125, 221301
2P. Diego-Palazuelos, et.al., arXiv:2203.04830
3Johannes, et.al., 2022, PRD,106, 063503

p  Foreground emissions, originating from nearby polarized sources, exhibit negligible 
intrinsic rotation effects , making them ideal calibration sources for CMB polarization 
measurements.

p A joint analysis of foreground emission can break the efficiently

• Recent studies:

CMBP Rot: β 

FGP Rot: 0

Sys: α  CMB * (α+β)

FG * α

Non- zero at 3.6 � 
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• Several polarization sources have been used to calibrate intrinsic polarization angle of detectors.

Break degeneracy：Calibrate Intrinsic pol. angle

Sources Expts Current precision

Self calibration BICEP series Assume � = 0. Minimizing TB EB power spectra.

Optical model ray tracing ACTPol ��~0.1° 

Artificial sources
BICEP3 ��~0.3° 

CLASS, SO ��~0.1° 

Celestial sources POLARBEAR ��~0.5°

Polarized foreground PLANCK + 
WMAP

��~0.1°
 � =− 0.342°+0.094°

−0.091° ,  3.6� 

CMBP Rot: β 

FGP Rot: 0

Sys: α  CMB * (α+β)

FG * α
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Break degeneracy :  A good artificial source

AliCPT ：
• Artificial source with the precision less than 0.1 deg
• Joint analysis with foreground  emission

Forecast：
• With five module-years of AliCPT-1 observations and 

polarized calibration sources, the polarization rotation angle 

can be measured with a precision of 4.6σ.

• With additional modules, the polarization rotation angle 

measurement could soon achieve 5σ precision

si
gn

ifi
ca

nc
e

AliCPT + PLK HFI + pol calib. (0.1 deg)

Mod yrs
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Precision measurement of CMB polarization angle

Rotation angle: 

Dynamic equation of �: � + 3�� + �′ � = 0

� =    
����

�0 �
�

������ =
�
�

∆� track the time evolution of dark 
energy 

characterize its dynamics 
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Ø DESI has provided strong hints for dynamical dark energy

Ø Interacting dark energy (IDE) offer a new pathway to 

detecting the dynamics — very similar to how dark 

matter particles are detected through their interactions.

Ø ALICPT could contribute to the understanding of the 

"dark sector"

Summary

谢谢！


