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How could we know  
what is DM mass?

Howard Baer, Ki-Young Choi, 
Jihn E. Kim, Leszek Roszkowski

There are so many DM 
models located at 

different mass scales. 

Taken from Griest (2014).
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Future prospect for WIMP direct detection

• Direct detection will 
close WIMP windows 
very soon.  

• The published result is 
based on traditional 
spin-independent cross 
section.  

• Some other non-
traditional interaction 
might not be pessimistic.  



Outline
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Configuration of PandaX, LUX, and X1T
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• PandaX and LUX are both a dual-phase xenon 
time-projection chamber. 

• 250 Kg （LUX）,  500 Kg (PandaX), and 1042 Kg 
(X1T). We use exposure 3.35e4 day-kg for LUX, 
3.3e4 day-kg for PandaX, and 3.5e4 day-kg 
for X1T. 

• The X1T is a ton-size detector.    

• S1: primary scintillation signal.  

• S2: the drift ionization charge produce photon.  
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Background discrimination:  
S1 vs S2 ① S1 

② S2 

③ Radius r of the event location.  

④ Depth z of the event signal. 

LUX

PandaX

Searching the dark matter nuclear recoil  
is basically background free!

Nuclear recoil

Electron recoil



Background discrimination:  
Radius and depth
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① S1 

② S2 

③ Radius r of the event location.  

④ Depth z of the event signal. 

PandaX
• Most background located 
at the edge of container.  

• One can identify the signal 
very easily.



Cut efficiency
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PandaXLUX

S1+S2 
cut

Analysis 
cut

The overall efficiency of LUX is blue line times black  
and PandaX is black one only. (~few keV to 30 KeV) 



Events after Cuts
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PandaX 
run-8

PandaX 
run-9

LUX 
WS2013

LUX 
WS2014-20

16
XENON1T

Bkg. 2.4 ± 0.8 2.4 ± 0.7 NOT 
reported

NOT 
reported

0.36 
+0.11-0.7

Data 2 1 NOT 
reported

NOT 
reported 1

We need the tails of  
Likeliood functions.



Reconstructed and Combined Likelihood
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PandaX LUX



Reconstructed and Combined Likelihood
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With an equal weight for PandaX, LUX, and X1T, 
we are able to combine their likelihood.

The error bar of 
PandaX is larger than 
LUX. This can explain 

why LUX can 
constrain the 

parameter space 
further than PandaX 
even with the almost 

same exposure.



WIMP-nucleon EFT
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Taken from Catena (2016)





WIMP-nucleon EFT
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Spin-0 or Spin-1 mediator 

O1: traditional spin 
independent. 

O4: traditional spin 
dependent.



Matching: High energy theory to  
low energy operator 
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The Matching
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Response function
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Rk: DM response function 
Wk: Nuclear response function

quasicoherent



 Isospin conserved and violating 

C_p*C_p and C_n*C_n must be larger than zero.  
However, C_p*C_n can be either positive or negative. 



The maximum ISV ratio 

This ratio is not fixed value!



Astrophysical uncertainties

For velocity dependent operators,  
how could we ignore this  

if there is signal?[7] Yang Huang (Peking University), et.al.

LUX



Fitting and result



Parameters and Likelihood

• mx is fixed at given value. 

• Ci^p, Ci^n  
if ISC: Ci^p=Ci^n.  
if ISV: Ci^p and Ci^n are two free 
parameters.  

• Local density varied and profiled. 

• v0 varied and profiled. 

• escape velocity varied and profiled.

PandaX and X1T: run8+run9+X1T  
(Poisson+Gaussian) 

LUX: WS2013+WS2014-16 
(Gaussian) 



 The upper combined 
limits of operators

• O1 and O4 are only two velocity 
independent operators. O1: spin 
independent component. O4: spin 
dependent component.    

• As expected, the constraints from O4 
is weaker than O1.  

• Those limits for nuclear spin 
dependent operators (O7 and O10) are 
always weaker than DM spin dependent 
operators (O8 and O11). 



• (O3 vs O5) shows an opposite 
picture with (o7 vs O8) and (O10 
vs O11).   

• The limit for O12 is stronger 
than O9 because the response 
function of O9 is proportional 
to exchange moment. 

quasicoherent



The maximum ISV ratio 

Only O1 and O4 change mildly at small mass region,  
but all of operators are achieved to a constant at large mx.



Conclusion
• We are able to combine THREE independent likelihood 
functions from latest PandaX, LUX, XENON1T data. 

• A better combined limit on each effective coupling for 
both isospin conserved and violating cases.  

• The astrophysical uncertainties and isospin violating 
setups are both properly taken into account.  

• A statistical maximum isospin coupling violating ratio is 
reported. 



The End 
Thank you for your 

attention. 





◉Dark Matter is EXPECTED to have weak interaction between SM and DM but it is not 
necessary to be.  

◉However, without weak interaction between DM and SM, method 1-3 are useless. 
◉WIMPs search in this era is very important. 

cosmic ray.



Effective 
Lagrangian

30

• Any effective Lagrangian 
can be the combination of 
non-relativistic operators. 

• Only j=6,7,9,10,12,13,18 are 
summing more than one 
operators.  

• Note Ci (non-relativistic 
coefficients) is not alway 
equal to di (relativistic 
coefficients). 



 Isospin conserved and violating 
If DM-proton and DM-neutron couplings are not 
the same, especially for the case that the ratio of 
two couplings are negative, a cancellation between 

DM-proton and DM-neutron happens.   

Yaguna 
1610.08683

Yaguna 
1610.0868

ISC: cp ==cn 
ISV: cp!=cn



• Comparing O6 and O13, the ISC 
limits are similar but ISV limits 
differ around one order of 
magnitude. 

• O14 weaker than O6 and O13. 

• O15 has 5 vectors combination 
and the difference between ISC 
and ISV are smallest than other 
14 operators. 

 The upper combined limits of operators



The High Energy theory


