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FIG. 1. The fermionic dark matter annihilation into standard model fermions through exchanging scalar
particle Y. Where the inverse process can happen at the LHC, the dark matter produced by fermion

annihilation.

Fig.1 we can obtain the annihilation cross-section as below,
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where the second term in the equation is due to the dark matter annihilate into two scalar particle
Y which happens when mχ > mY . Since the dark matter freeze-out the at Tf ∼ mχ/20 so the CM
energy E enters in the formula is about E ∼ mχ+mχ/10. We have dropped the the second term of
Eq.(2) contribution in numerical for simplicity, and the formula listed is taking NR limit E mx so
the scalar and pseudo-scalar cases give us the same value. But can we drop it? I will provide correct
formula later to verify this. In order to reproduce correct relic we require 〈σv〉 ∼ 1pb · c which leads
us set σ ∼ 1pb in the following numerical. Where we drop the relative velocity term and simplify
thermal average by using a cross section without thermal average. The parameter space for relic to
be satisfied is shown below.

0 500 1000 1500 2000
0

2000

4000

6000

8000

mΧ!GeV"

m
Y
!G
eV
"

SS

0 500 1000 1500 2000
0

2000

4000

6000

8000

mΧ!GeV"

m
Y
!G
eV
"

SP

0 500 1000 1500 2000
0

2000

4000

6000

8000

mΧ!GeV"

m
Y
!G
eV
"

PS

0 500 1000 1500 2000
0

2000

4000

6000

8000

mΧ!GeV"

m
Y
!G
eV
"

PP

FIG. 2. The parameter space relic.

For collider constraint from mono-jet plus missing momentum events searches we take a simplified
results which requires σ(pp → χ̄χ) ≤ 0.1pb so as there is no BSM events happens during the search.
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RELIC WITH Y-WIDTH 



DARK MATTER RELIC 
CONSTRAINT PART I 



DARK MATTER RELIC 
CONSTRAINT PART II 



ELASTIC D-N CROSS 
SECTION 

100 keV. Here we are taking the null result of xenon to depict the relation between relic and direct
DM detection.

The WIMP-nucleon interaction occurs via the exchange of scalar particle Y between the dark
matter χ and the nucleon N in the t-channel process χN → χN . here this Y −N coupling is just
our universal Y − f coupling λf

s,p. And we can calculate the elastic cross section below. In Fig.4 we
subject the prediction implied by reproducing the correct relic to an upper limit on spin-indepedent
DM-nucleon elastic cross-section set by DM direct detection experiments. p ∼ mχ10−3c
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the reason for pseudoscalar-pseudoscalar interaction can satisfy relic and direct detection is both of
them have velocity dependence so that due to the suppression from the much higher kinetic energy
at the epoch of dark matter freeze-out compare to the very low kinetic energy of dark matter today.

In Fig.5 dark matter χ-nucleon elastic cross-section σel as a function of dark matter mass mχ

for Y-mass values mY = 100, 500, 1000, 2000GeV , is compared to 90%-C.L. upper limits from
XENON100 (solid curve).

Comparing the prediction curves of both models to the experimental upper-bounds in Fig.5, one
can see that some portions of the dark matter mass regions considered are excluded, but the greater
part of them are still viable. More precisely, for mh = 115, 200, and 300 GeV the XENON100
limits have ruled out darkon masses from ∼ GeV to between ? and ? GeV, except for the
50GeV<mD < 70GeV range in the mY = 115GeV case. Moreover, in the low-mD sections of the
plots the exclusion limit from CoGeNT can be seen to rule out part of the 4GeV<∼mD

<∼ 5GeV
range. In contrast, darkon masses larger than 80GeV or so are not yet probed by the current data
from direct searches.

Before moving on, it is worth remarking that, as Fig. 5 indicates, σel for a fixed mY approaches
a constant value as mD becomes much greater than mW,Z,h,t′. The reason is that in this large-mχ

limit the ratio λ2/m2
D is approximately constant and σel in Eq. (5) is proportional to the same

ratio, λ2/m2
χ. Another observation from this figure is that the asymptotic value of σel decreases as

mY increases, which is in accord with Eq. (5). Hence direct DM searches in the future may lack
the sensitivity to probe the larger dark matter masses if the Y mass is also large.
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1.  Loss sensitivity due to low kinetic energy 
for light dark matter. 

2.  Collider is better to probe light dark matter. 
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D-N X-SECTION 
IMPLIED BY RELIC I 



D-N X-SECTION 
IMPLIED BY RELIC II 



DM DIRECT DETECTION 
CONSTRAINT I 



DM DIRECT DETECTION 
CONSTRAINT II 



LHC MONOJET 
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MONOJET FROM LHC	 

proton	  

proton	  

jet	  	  

χ	   χ	  

g* 
ū	  

u	  
u	  

Y*	  	  
	  	  	  	  	  or	  Y	  

Available Mono-Jet searches: 
• CMS 36 pb−1 
• ATLAS 1 fb−1: LowPt, HighPt and veryHighPt 

SM BG p p à j Zà j v v , 2 to 2 process 

VeryHighPT: 7 TeV, 1fb-1 
                      missing ET > 300GeV, missing pT j1 > 350GeV 
                      σ1j < 0.045pb     1202.0158 ATLAS 
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INVISIBLE WIDTH 



COME TO EFFECTIVE I  mY=100,500,1000 



COME TO EFFECTIVE II 
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CONCLUSIONS 

We study a fermionic dark matter mediated by a new scalar 
particle Y to SM quarks. 
Dark matter mass constrained by the relic abundance, direct 
detections, and LHC monojet bound  
A pseudo-scalar mediator can satisfy DM relic and null result on 
DM direct detection due to momentum suppression between 
epoch of freeze-out and now.  
Mono-jet constraints is not stronger than dark matter direct 
detection.  
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GO TO HIGH PT 
SM BG Mono-jet missing Et from p p à j 
zà j v v , 2 to 2 process 
Heavy mediator p p à j chi chi~  2 to 3 
Light mediator can be onshell produced p 
p à j Y  , 2 to 2, copiously 
 


