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要点预览

Main points of DDs in gauge portal

1 Velocity suppressed cross  section is reachable by 
the current DD technique!

2 Effects of twist-2 operators are crucial  for direct 
detections in some parameter space.

3 Spin-dependent cross section may play important 
role in rolling out WIMPs

4 DD cross section of scalar-type electroweak 
multiplet DM are first analytically calculated by us!

W. Chao, G.J. Ding, X.G. He and M.J. Ramsey-Musolf, 1812.07829 
W. Chao, 1904.09785
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Evidence of DM

⼤大尺度结构 暗物质⾬雨

70kg ⼈人体、60GeV 暗物
质： 

每秒10亿暗物质穿体⽽而过 
每年年约有10个暗物质与⼈人

体发⽣生碰撞 
PLB 717 (2002)25
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What is dark matter
We do not exactly know!

Neutral, non-baryonic, weakly interacting particle!

Particle Zoo

Mass Spin Interactions

❌ ❌ ❌

DM
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Ways of probing DM
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DM Direct detections
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Detecting technologies

Ionization

PhononPhoton

NaI, Xe

Ge

Al2O3,LiFCaWO4, BGO

Li
qu

id
 X

e Ge, Si

WIMP WIMP

CoGeNT, CDEX, Texono, DAMIC, 
Malbek

XENON, LUX/LZ. ArDM, PandaX, 
Darkside, DARWIN Super-CDMS, EDELWEISS

CRESST-1, CUOREDEAP3600,CLEAN,DAMA,KIMS,XM
ASS, DM-Icem ANAIS,SABRE CRESST
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Where to go for  Direct detections
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CONHERENT

GOAL:Measure N2 dependence 
of CEvNS process

2017
Current 14.6kg

Confirm CEvNS at 6.7 sigma

Science 357, 1123–1126 (2017) 
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Be serious about the DD

SI cross sectionSD cross section

LO effects

v-suppressed

NLO effects
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DDs in gauge portal

Dark sector Visible sector

Gauge fields

Type of the gauge field:{
W/Z Minimal dark matter

Z’ U(1) extension of SM

ℒ ∼
1
2

gV χ̄γμγ5Vμ χ −
1
2

mχ χ̄χ + ζgVq̄γμqVμ

ℒ ∼
1
2

gV χ̄γμγ5Vμ χ −
1
2

mχ χ̄χ + ζgVq̄γμγ5qVμ

Lagrangian Scenario DD cross section

A SI but v suppressed

B SD
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DD cross sections

Scenario DD cross section at leading order

A

B σLO
SD = 64πζ2α2

V
μ2

m4
V

(∑
q

ΔN
q )2JN(JN + 1)

σLO
SI ≈

36πζ2α2
V μ2v2

m4
V

At the next-to-leading order:

ℒeff = ∑
p=q,g

1
2

κ1p χ̄χ𝒪p
s +

1
2

κ2q χ̄i∂μγν χ𝒪q
μν +

1
2

κ3q χ̄i∂μi∂νχ𝒪q
μν , 𝒪q

μν =
1
2

q̄ (∂μγν + ∂νγμ −
1
2

gμνγ ⋅ ∂) q
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Numerical results in Z’ portal    

Scenario A

Scenario B
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Numerical results in Z’ portal    

(A)
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Numerical results in Z’ portal    

(B)
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Numerical results in Z’ portal    

(B)
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Scalar-type EW multiplet DM in W-portal

Why interesting? Strumia, et al., NPB 2006

Natural DM candidate without requiring any other symmetry

Higgs vacuum stability

Avoiding constraints of DD as they are superheavy  17



Scalar-type EW multiplet DM in W-portal

How about the direct detection cross section

Fermion

Scalar    No effective lagrangian！ only some arguments.

Questions：
No twist-2 effective operators in the Lagrangian? 

No effective gluon-DM operators in the Lagrangian?

What is the situation when Higgs-portal interactions are included in SDM?
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Scalar-type EW multiplet DM in W-portal

ℒ =
(n2 − 1)α2

4 [ζ1ϕ
2q̄mqq + ζ2ϕi∂μi∂νϕOq

μν]
ζ1 = m2(2C0 + C1 − 2Z11) + 8Z00 − Y2 − 4Z00

ζ2 = − 8m2Z11 − 32Z00 − 8Y2

Results：

C,Z,Y, are integration functions 
Gluon results are on the way 
RGE running should be included in DD 
When Higgs portal interactions are 
included, only twist-2 contribution is 
unique.
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Numerical results 
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Numerical results 
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Conclusions

Main points of DDs in gauge portal

1 Velocity suppressed cross  section is reachable by 
the current DD technique!

2 Effects of twist-two operators are crucial  for light 
DM.

3 Spin-dependent cross section may play important 
role in rolling out WIMPs

4 DD cross section of scalar-type electroweak 
multiplet DM are first analytically calculated by us!

 22



Outlooking

Thanks

4.9%

26.8%

Well-studied @

What is this? @

1933 1959 1975 2006 2012 2019

Astrophysical observations

t
Confirm the particle DM Sensitivity 

greatly improved
Precision 

calculations!

Thermal effects 
DD cross section 
…Thanks Give up WIMP?

Still no signal!!!
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Back-up



Recent Progress-CDEX
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Recent Progress-DarkSide

ID of the DarkSide-50 Dashed line: zero quench model, quenching a non-stochastic 
process 
Dotted line: binomial quench model,  binomial quenching 
fluctuation s

The best exclusion limit in the range 1.8 GeV-6 GeV, 1802.06994
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Recent Progress-PandaX

Exposure time: 54-Ton-Day
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Recent Progress-XENON1T

Exposure time

Updated exclusion 
limit
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粒⼦子物理理天空中的乌云

中微⼦子物理理; 

暗物质; 

重⼦子数不不对称;

历史总是有些相似！

⿊黑体辐射 

迈克逊-莫雷雷实验

⼆⼗世纪初物理学天空的乌云

量量⼦子⼒力力学 
⼴广义相对论

具有确凿试验证据的超出标准模型
的新物理
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Numerical results-1: vector interactions with 
X131

SM+Vector
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Numerical results-3: scalar interactions with 
X131

SM+Scalar
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