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Outline
✦ How "they" see "us"

✦ (Very) light mediator caveats

✦ Proposal for an improved way of presenting collider 

limits


*)Based on a number of interactions with DD community 
members, and with thanks to Michele Papucci and Kathryn 
Zurek for useful discussions2
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10 7 Interpretation
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Figure 5: Upper limits on the DM-nucleon cross section, at 90% CL, plotted against DM particle
mass and compared with previously published results. Left: limits for the vector and scalar
operators from the previous CMS analysis [10], together with results from the CoGeNT [60],
SIMPLE [61], COUPP [62], CDMS [63, 64], SuperCDMS [65], XENON100 [66], and LUX [67]
collaborations. The solid and hatched yellow contours show the 68% and 90% CL contours
respectively for a possible signal from CDMS [68]. Right: limits for the axial-vector operator
from the previous CMS analysis [10], together with results from the SIMPLE [61], COUPP [62],
Super-K [69], and IceCube [70] collaborations.
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Figure 6: Observed limits on the mediator mass divided by coupling, M/pgcgq, as a function
of the mass of the mediator, M, assuming vector interactions and a dark matter mass of 50 GeV
(blue, filled) and 500 GeV (red, hatched). The width, G, of the mediator is varied between M/3
and M/8p. The dashed lines show contours of constant coupling pgcgq.

K = sNLO/sLO of 1.4 for d = {2, 3}, 1.3 for d = {4, 5}, and 1.2 for d = 6 [71]. Figure 7 shows 95%
CL limits at LO, compared to published results from ATLAS, LEP, and the Tevatron. Table 7
shows the expected and observed limits at LO and NLO for the ADD model.

Figure 8 shows the expected and observed 95% CL limits on the cross-sections for scalar un-

The Limit Evolution
✦ Switch from dominant EFT interpretation to SMDM interpretation 

in the past two years

๏ More accurate comparison between the collider and DD limits

๏ Emphasis on complementarity
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CMS arXiv:1408.3583

18 6 Results
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Figure 11: The 90% CL exclusion contours in the mDM � sSI or mDM � sSD plane assuming
vector (top–left), axial vector (top–right), scalar (bottom–left) mediators. Also shown is the
90% CL exclusion in DM annihilation cross section as a function of mDM for a pseudoscalar
mediator (bottom–right). For the scalar and pseudoscalar mediators, the exclusion contours
assuming the mediator only couples to fermions (fermionic) is also shown. The excluded re-
gion in all plots is to the top–left of the contours for the results from this analysis while the
DD experiment and Fermi LAT excluded regions are above the lines shown. In the vector and
axial vector models, limits are shown independently for monojet, V-boosted, and V-resolved
categories. The red dot-dashed line shows the partial combination of the V-tagged categories
for which the V-boosted category provides the dominant contribution. In all of the mediator
models, a minimum mediator width is assumed. For the pseudoscalar mediator, 68% CL pre-
ferred regions, obtained using data from Fermi LAT, for DM annihilation to light-quarks (qq),
t+t�, and bb are given by the solid green, hatched pink, and shaded brown coloured regions,
respectively.

CMS arXiv:1607.05764
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The Message Evolution
✦ What was the message implicitly given to the DD community?

✦ EFT Era:


๏ DD folks are wasting their time with SD experiments - colliders 
already do much better and will do even better in the future up to 
~1 TeV DM mass


✤ Arrogant and actually incorrect

✦ Post-EFT Era:


๏ Colliders win (in both SD and SI searches) at low DM masses 
(<5-10 GeV), while at larger DM masses there is nice 
complementarity between the DD and colliders


✤ Moderate and somewhat correct

✦ Is this a fully correct message the DD community reads off our 

plot?

๏ Not quite! 

๏ Caveat: the case of (very) light mediator

4
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Comparing the Sensitivity
✦ DD:


๏ Sensitivity increases dramatically as the mediator (M) gets lighter due to the 
kinematics of t-channel exchange


๏ This is a big deal given strong limits on SUSY-like WIMPs - exploring light 
DM and light mediators is becoming more and more important


✤New ideas in DD community are being developed, e.g. semiconductor detectors 
exploring electron recoil to be sensitive to light (sub-GeV) DM


✦ Colliders:


๏ For light mediator (M << MET), cross section doesn't depend on the 
mediator mass


๏ Clearly, at some point the DD wins over colliders - why don't we see this in 
the plots?

5

12

can enhance the production cross section once the mass of the s-channel mediator is within the
kinematic range and can be produced on-shell. This enhancement is particularly strong when the
mediator has a small decay width �, though it should be noted that within our assumptions � is
bounded from below due to the open decay channels to jets and to dark matter.

On the other hand, colliders have a relative disadvantage compared to direct detection experi-
ments in the light mediator case. The reason is that, from dimensional analysis, the cross section
for the collider production process pp ! �̄�+X scales as,

�(pp ! �̄�+X) ⇠ g2qg
2

�

(q2 �M2)2 + �2/4
E2 , (12)

where E is of order the partonic center-of-mass energy, M is the mass of the s-channel mediator
and q is the four momentum flowing through this mediator. At the 7 TeV LHC,

p
q2 has a broad

distribution which is peaked at a few hundred GeV and falls slowly above. The mediator’s width
is denoted by �, and gq, g� are its couplings to quarks and dark matter, respectively. The direct
detection cross section, on the other hand, is approximately

�(�N ! �N) ⇠ g2qg
2

�

M4

µ2

�N , (13)

with the reduced mass µ�N of the dark matter and the target nucleus.
When M2 ⌧ q2, the limit that the collider sets on g2�g

2

q becomes independent of M , whereas
the limit on g2�g

2

q from direct detection experiments continues to become stronger for smaller M .
In other words, the collider limit on �(�N ! �N) becomes weaker as M becomes smaller. On
the other hand, when m� < M/2 and the condition

p
q2 ' M can be fulfilled, collider production

of �̄�+X experiences resonant enhancement. Improved constraints on ⇤ can be expected in that
regime.

In figure 7, we investigate the dependence of the ATLAS bounds on the mediator mass M more
quantitatively including both on-shell and o↵-shell production. Even though dark matter–quark
interactions can now no longer be described by e↵ective field theory in a collider environment, we
still use ⇤ ⌘ M/

p
g�gq as a measure for the strength of the collider constraint, since ⇤ is the

quantity that determines the direct detection cross section. As before, we have used the cuts from
the ATLAS veryHighPt analysis (see section 3). We have assumed vector interactions with equal
couplings of the intermediate vector boson to all quark flavors.

At very large M (& 5 TeV), the limits on ⇤ in figure 7 asymptote to those obtained in the
e↵ective theory framework. For 2m� ⌧ M . 5 TeV, resonant enhancement leads to a significant
improvement in the limit since the mediator can now be produced on-shell, so that the primary
parton–parton collision now leads to a two-body rather than three-body final state. As expected
from equation (12), the strongest enhancement occurs when the mediator is narrow. In figure 7,
this is illustrated by the upper end of the colored bands, which corresponds to � = M/8⇡.6 The
shape of the peaks in figure 7 is determined by the interplay of parton distribution functions, which
suppress the direct production of a heavy mediator, and the explicit proportionality of ⇤ to M
according to its definition. Below M ' 2m�, the mediator can no longer decay to �̄�, but only to
q̄q, so in this mass range, it can only contribute to the mono-jet sample if it is produced o↵-shell.
In that regime, the limit on ⇤ is rather weak (even though the limit on g2�g

2

q is independent of M
there as discussed above), and the dependence on � disappears.

6 � = M/8⇡ corresponds to a mediator that can annihilate into only one quark flavor and helicity and has couplings
g�gq = 1. Since in figure 7, we have assumed couplings to all quark helicities and flavors (collider production
is dominated by coupling to up-quarks though), and since g�gq > 1 in parts of the plot (see dashed contours),
� = M/8⇡ should be regarded as a lower limit on the mediator width.

production cross section in the two cases to be

σ1j ∼

⎧

⎪

⎨

⎪

⎩

αs g2χ g
2
q

1

p2
T

M ! pT ,

αs g2χ g
2
q

p2
T

M4 M " pT ,

(2)

where αs is the QCD coupling and pT is the transverse momentum of the jet, which is typically

∼ O(100)GeV at the Tevatron2. Thus, for the heavy mediator case the (partonic) production cross

section at the Tevatron, where pT ∼ 100 GeV, is O(1000) times larger than the direct detection cross

section for µ ∼ 1 GeV when the DM is heavier than the nucleon mass. The CDF mono-jet search [2]

analysed ∼ 1 fb−1 and saw no significant discrepancy from the SM, thus limiting the DM + mono-jet

production cross section to be smaller than ∼ 500 fb. Due to the factor of 1000 mentioned above,

this will translate to bounds in the neighborhood of 0.5 fb in direct detection experiments, the exact

bound at direct detection experiments will depend upon the details of the parton density functions

relating the partonic cross section of (2) to the actual CDF mono-jet bound.

This is to be compared with direct detection current searches. Null results from experiments such

as CDMS [3], XENON[4, 5] and others, place strong constraints on the cross section of DM to recoil

from a nucleus, σ ! 10−3 − 10−4 fb for a 10-100 GeV WIMP scattering elastically through a spin

independent (SI) interaction. Thus, for this situation it seems that direct detection has greater reach.

However, due to the threshold to detect a DM recoil in these experiments there is a DM mass below

which these experiments are no longer sensitive, typically this lower bound is mχ ∼ 5− 10 GeV, there

is no such threshold in collider searches.

Furthermore, the DAMA collaboration [6] have observed a signal consistent with DM scattering

from NaI which is inconsistent with bounds on a standard WIMP from CDMS and other experiments.

This has motivated the introduction of non-standard DM scenarios that can make these seemingly

discrepant results consistent. The cross sections necessary to explain DAMA are considerably larger

than 10−3fb and may allow these scenarios to be probed directly at the Tevatron, due to the increase

in cross section described above. Another possibility that has been motivated both by DAMA and

the recent CoGeNT [7] excess is that dark matter is light, below about 10 GeV, and is thus transfers

small momenta to nuclei giving a signal near threshold. The Tevatron will place a strong bound for

dark matter particles below 5 GeV. Finally, spin-dependent (SD) WIMP-nucleus scatterings are not

coherent and therefore are not enhanced by an A2 factor. Typical bounds on a SD WIMP-proton

scatter from direct detection are ∼ 1 fb , and will be severely impacted by the mono-jet bounds

presented here.

2Note that (2) is only qualitative in nature. The limits are correct for mediator masses well above and below the pT

of the jet.

2
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The Plot Anatomy
✦ SI case:


6

The simplified models with a vector and scalar mediator lead to a SI interaction,

while the axial-vector and pseudo-scalar mediator induce SD interactions. The pseudo-

scalar interaction has additional velocity-suppression in the non-relativistic limit, which is

not present in the other interactions. In practice this means that pseudo-scalar interactions

are only very weakly testable with DD experiments. For this reason, we will only describe

the translation procedure into the m

DM

–�
SI/SD plane for vector, axial-vector and scalar

interactions.

Sections 4.1.1 and 4.1.2 detail procedures for translating LHC limits onto to the

m

DM

–�
SI/SD planes. Figures 2a and 2b illustrate the conventions recommended for the

presentation of results obtained from these procedures. These plots show the minimum

number of DD limits that we recommend to show. Bounds from other experiments may

also be included. As in the mass-mass plots, we recommend to explicitly specify details of

the mediator and DM type, the choices of couplings and the CL of the exclusion limits. It

may also be useful to show theoretical and experimental uncertainties. Generally, the LHC

searches exclude the on-shell region in the mass-mass plane such that for a fixed value of

m

DM

, the exclusion contour passes through two values of M
med

. This means that when

translating into the m

DM

–�
SI/SD planes, for a fixed value of m

DM

, the exclusion contour

must pass through two values of �
SI/SD. This explains the turnover behaviour of the LHC

contours observed in Figures 2a and 2b.

4.1.1 SI cases: Vector and scalar mediators

In general, the SI DM-nucleon scattering cross section takes the form

�

SI

=
f

2(gq)g2
DM

µ

2

n�

⇡M

4

med

, (4.1)

where µn� = mnmDM

/(mn+m

DM

) is the DM-nucleon reduced mass with mn ' 0.939GeV

the nucleon mass. The mediator-nucleon coupling is f(gq) and depends on the mediator-

quark couplings. For the interactions mediated by vector and scalar particles and for the

recommended coupling choices, the di↵erence between the proton and neutron cross section

is negligible.

For the vector mediator,

f(gq) = 3gq , (4.2)

and hence

�

SI

' 6.9⇥ 10�41 cm2 ·
⇣
gqgDM

0.25

⌘
2

✓
1TeV

M

med

◆
4 ⇣

µn�

1GeV

⌘
2

. (4.3)

For the simplified model with scalar mediator exchange we follow the recommendation

of ATLAS/CMS DM Forum [1] and assume that the scalar mediator couples to all quarks

(like e.g. the SM Higgs). In general the formula for f(gq) is

f

n,p(gq) =
mn

v

2

4
X

q=u,d,s

f

n,p
q gq +

2

27
f

n,p
TG

X

Q=c,b,t

gQ

3

5
. (4.4)

These data, however, are not always o�cially blessed or scrutinised by the experiments and thus should be

used with care.

– 11 –
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Figure 13: Exclusion limits at 90% CL in the mDM–sSI/SD plane assuming for vector (a) and axial-
vector (b) mediator models. The solid (dotted) red line shows the contour for the observed
(expected) exclusion using 12.9 fb�1 of 13 TeV data. Limits from CDMSLite [81], LUX [82],
PandaX-II [83] and CRESST-II [84] experiments are shown for the vector mediator. Limits from
PICO-2L [85], PICO-60 [86], IceCube [87] and Super-Kamiokande [88] experiments are shown
for the axial-vector mediator.
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Figure 14: Exclusion limits at 90% CL in the mDM–sSI/SD plane for scalar (a) and pseudoscalar
(b) mediator models. The solid red line shows the contour for the observed exclusion using 12.9
fb�1 of 13 TeV data. Limits from the CDMSLite [81], LUX [82], PandaX-II [83] and CRESST-
II [84] experiments are shown for the scalar mediator case. For the pseudoscalar mediator,
limits are compared to the the DM annihilation cross section upper limits from Fermi-LAT [91].

Increasing mediator massM ~ 2 TeV

M ~ 100 GeV

Why do we stop at 
M ~100 GeV? 

Can we go lower?

CMS PAS EXO-16-037
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The Plot Anatomy
✦ SI case:


6

The simplified models with a vector and scalar mediator lead to a SI interaction,

while the axial-vector and pseudo-scalar mediator induce SD interactions. The pseudo-

scalar interaction has additional velocity-suppression in the non-relativistic limit, which is

not present in the other interactions. In practice this means that pseudo-scalar interactions

are only very weakly testable with DD experiments. For this reason, we will only describe

the translation procedure into the m

DM

–�
SI/SD plane for vector, axial-vector and scalar

interactions.

Sections 4.1.1 and 4.1.2 detail procedures for translating LHC limits onto to the

m

DM

–�
SI/SD planes. Figures 2a and 2b illustrate the conventions recommended for the

presentation of results obtained from these procedures. These plots show the minimum

number of DD limits that we recommend to show. Bounds from other experiments may

also be included. As in the mass-mass plots, we recommend to explicitly specify details of

the mediator and DM type, the choices of couplings and the CL of the exclusion limits. It

may also be useful to show theoretical and experimental uncertainties. Generally, the LHC

searches exclude the on-shell region in the mass-mass plane such that for a fixed value of

m

DM

, the exclusion contour passes through two values of M
med

. This means that when

translating into the m

DM

–�
SI/SD planes, for a fixed value of m

DM

, the exclusion contour

must pass through two values of �
SI/SD. This explains the turnover behaviour of the LHC

contours observed in Figures 2a and 2b.

4.1.1 SI cases: Vector and scalar mediators

In general, the SI DM-nucleon scattering cross section takes the form

�

SI

=
f

2(gq)g2
DM

µ

2

n�

⇡M

4

med

, (4.1)

where µn� = mnmDM

/(mn+m

DM

) is the DM-nucleon reduced mass with mn ' 0.939GeV

the nucleon mass. The mediator-nucleon coupling is f(gq) and depends on the mediator-

quark couplings. For the interactions mediated by vector and scalar particles and for the

recommended coupling choices, the di↵erence between the proton and neutron cross section

is negligible.

For the vector mediator,

f(gq) = 3gq , (4.2)

and hence

�
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For the simplified model with scalar mediator exchange we follow the recommendation

of ATLAS/CMS DM Forum [1] and assume that the scalar mediator couples to all quarks

(like e.g. the SM Higgs). In general the formula for f(gq) is

f

n,p(gq) =
mn

v

2

4
X

q=u,d,s

f

n,p
q gq +

2

27
f

n,p
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gQ

3

5
. (4.4)

These data, however, are not always o�cially blessed or scrutinised by the experiments and thus should be

used with care.
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Figure 13: Exclusion limits at 90% CL in the mDM–sSI/SD plane assuming for vector (a) and axial-
vector (b) mediator models. The solid (dotted) red line shows the contour for the observed
(expected) exclusion using 12.9 fb�1 of 13 TeV data. Limits from CDMSLite [81], LUX [82],
PandaX-II [83] and CRESST-II [84] experiments are shown for the vector mediator. Limits from
PICO-2L [85], PICO-60 [86], IceCube [87] and Super-Kamiokande [88] experiments are shown
for the axial-vector mediator.
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Figure 14: Exclusion limits at 90% CL in the mDM–sSI/SD plane for scalar (a) and pseudoscalar
(b) mediator models. The solid red line shows the contour for the observed exclusion using 12.9
fb�1 of 13 TeV data. Limits from the CDMSLite [81], LUX [82], PandaX-II [83] and CRESST-
II [84] experiments are shown for the scalar mediator case. For the pseudoscalar mediator,
limits are compared to the the DM annihilation cross section upper limits from Fermi-LAT [91].

Increasing mediator massM ~ 2 TeV

M ~ 100 GeV

Why do we stop at 
M ~100 GeV? 

Can we go lower?

M ~ 10 GeV
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Figure 13: Exclusion limits at 90% CL in the mDM–sSI/SD plane assuming for vector (a) and axial-
vector (b) mediator models. The solid (dotted) red line shows the contour for the observed
(expected) exclusion using 12.9 fb�1 of 13 TeV data. Limits from CDMSLite [81], LUX [82],
PandaX-II [83] and CRESST-II [84] experiments are shown for the vector mediator. Limits from
PICO-2L [85], PICO-60 [86], IceCube [87] and Super-Kamiokande [88] experiments are shown
for the axial-vector mediator.
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Figure 14: Exclusion limits at 90% CL in the mDM–sSI/SD plane for scalar (a) and pseudoscalar
(b) mediator models. The solid red line shows the contour for the observed exclusion using 12.9
fb�1 of 13 TeV data. Limits from the CDMSLite [81], LUX [82], PandaX-II [83] and CRESST-
II [84] experiments are shown for the scalar mediator case. For the pseudoscalar mediator,
limits are compared to the the DM annihilation cross section upper limits from Fermi-LAT [91].

The Plot Anatomy
✦ SD case:


7

Increasing mediator mass
M ~ 2 TeV

M ~ 100 GeV

where �(p)
u = �(n)

d = 0.84, �(p)
d = �(n)

u = �0.43 and �s = �0.09 are the values rec-

ommended by the Particle Data Group [50]. Other values are also used in the literature

(see e.g. [51]) and di↵er by up to O(5%).

Under the assumption that the coupling gq is equal for all quarks, one finds

f(gq) = 0.32gq , (4.9)

and thus

�

SD ' 2.4⇥ 10�42 cm2 ·
⇣
gqgDM

0.25

⌘
2

✓
1TeV

M

med

◆
4 ⇣

µn�

1GeV

⌘
2

. (4.10)

We emphasise that the same result is obtained both for the SD DM-proton scattering

cross section �

p
SD

and the SD DM-neutron scattering cross section �

n
SD

. Using (4.10) it is

therefore possible to map collider results on both parameter planes conventionally shown

by DD experiments. Should only one plot be required, we recommend comparing the LHC

results to the DD bounds on �

p
SD

, which is typically more di�cult to constrain.

In the future, it is desirable to consider not only the case gu = gd = gs, but also the

case gu = �gd = �gs, which is well-motivated from embedding the simplified model in the

SM gauge group and can be included without much additional e↵ort. For gu = �gd = �gs

one obtains approximately f

p(gq) = 1.36 gu and f

n(gq) = �1.18 gu, i.e. the DM-neutron

cross section is slightly smaller than the DM-proton cross section.4

4.1.3 Neutrino observatories: IceCube and Super-Kamiokande

The IceCube [53] and Super-Kamiokande [54] neutrino observatories are also able to con-

strain the SI and SD cross sections. When DM particles elastically scatter with elements in

the Sun, they can lose enough energy to become gravitationally bound. Self-annihilation of

the DM particles produces neutrinos (either directly or in showering) that can be searched

for in a neutrino observatory. When the DM capture and annihilation rates are in equilib-

rium, the neutrino flux depends only on the initial capture rate, which is determined by

the SI or SD cross section [55].

The IceCube and Super-Kamiokande limits on �

p
SD

are of particular interest as they

can be stronger than the corresponding bounds from DD experiments. The former bounds

are however more model dependent, since they depend on the particular DM annihilation

channel. For annihilation only into light quarks, the limits are weaker than DD experiments.

For mb < m

DM

< mt, on the other hand, the dominant annihilation channel of the axial-

vector model is to bb̄ and Super-Kamiokande sets more stringent constraints than DD

experiments for m

DM

< 10GeV. For m

DM

> mt, the dominant annihilation channel is

to tt̄ and the resulting constraints from IceCube are stronger than DD experiments. Both

the Super-Kamiokande and IceCube limits can be shown together with other bounds on

the SD DM-proton scattering cross section.

4LHC searches are only sensitive to the relative sign between gu and gd if both types of quarks are present

in a single process (e.g. ud̄ ! ud̄+��̄ or uū ! dd̄+��̄). Such processes give a subleading e↵ect in mono-jet

searches and are presently not included in the signal computation. As a result, the signal prediction for

mono-jets turns out to be independent of the relative sign between the individual quark couplings [52].

– 13 –

M ~ 10 GeV
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Where to Stop?
✦ There are a number of problems in lowering the 

mediator mass in the SMDM approach:

๏ Moving in the fairly low-x regime at the LHC


✤M ~ 10 GeV => x ~ 10-2 for on-shell production


✤PDF and scale uncertainties become large, even if regulated 
by the minimum ISR pT requirement


๏ For the vector mediator case need to account for the 
interference/mixing with Z boson and DY 

✤The cross section for the latter becomes large <10 GeV


๏ Need to account for various low-mass quarkonia 
resonances at least for the vector case below 10 GeV


๏ Unitarity violation (see arXiv:1603.04156, Section 3.3.2)

✤DM Yukawa coupling becomes non-perturbative for  

m < M√π/2 (for gDM =1, see arXiv:1503.05916, 1510.02110)

8
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Other Considerations
✦ Going below M ~ 100 GeV requires proper accounting of other 

constraints in the SMDM framework:

๏ Limits from Z boson decays with missing energy (should apply to vector, 

axial vector, and scalar mediators)

๏ Limits from B-physics and other rare decays for mediator masses below 

~10 GeV

✦ Perhaps, with some work and careful literature review one could go as 

low as ~10 GeV

๏ Not clear we really benefit from this, as limitations of simplified models for 

such light mediator become quite severe and the results are not trustworthy 
without a complete model


✦ However, 100 GeV (110 GeV is currently used in CMS plots for 
EXO-16-037) appears to be a solid number at least for (axial)vector 
case, where limitations are minor


✦ For (pseudo)scalars exploring lighter M may be prudent (but then the 
contours for scalars are already closed, and for pseudoscalars DD 
limits vanish) 

9
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Other Choice of Couplings
✦ Note that the turnover of the curve for light 

mediators becomes even more dramatic as the 
couplings decrease

10
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Figure 1. A comparison of the current 90% CL LUX and SuperCDMS limits (red and orange
lines, respectively), the mono-jet limits in the MSDM models (blue lines) and the limits in the EFT
framework (green line) in the cross section vs mDM plane used by the direct detection community.
The left and right panels show the limits on the SD and SI cross sections appropriate for axial-
vector and vector mediators respectively. For the MSDM models we show scenarios with couplings
gq = gDM = 0.25, 0.5, 1.0, 1.45.

problematic. For gq = g
DM

. 0.25 the 8 TeV CMS mono-jet search no longer has su�cient

sensitivity to place a significant limit on the parameter space.

Figure 1 also shows the limit obtained from an interpretation of the mono-jet search in

the framework of the EFT (green line). The EFT limits should agree with the MSDM limit

in the domain where the EFT framework is valid. We see that it is only for the extreme

coupling scenario gq = g
DM

= 1.45 that the EFT limit approximates the MSDM limit,

and only for DM masses below around 300 GeV. For larger m
DM

the EFT fails to describe

any of the coupling scenarios. For weaker couplings, the MSDM limits get stronger for

DM masses below around 50 to 300 GeV, due to the resonant enhancement of the cross

section for a s-channel mediator that was explained above. This e↵ect is absent within

the EFT framework. The reach in DM mass of the MSDM limits increases with larger

couplings. Overall, this comparison of the EFT and MSDM limits demonstrates again

that the EFT framework is unable to capture all of the relevant kinematic properties of

the collider searches, which is demonstrated by the large disparity between the EFT and

MSDM limits. Comparing EFT collider limits with those of DD searches gives a misleading

representation of the relative sensitivity of the two search strategies, especially for weaker

coupling scenarios and m
DM

& 300 GeV.

Finally Figure 1 also shows the LUX limits for both interactions (red lines) and the

spin-independent SuperCDMS limit (orange line). Whilst the comparison of the DD search

result with the EFT collider limit is biased, a comparison with the MSDM limits from the

LHC mono-jet analysis, which properly describes the kinematic properties of the collider

search, represents a comparison of collider and DD experiments on an equal footing, estab-

– 5 –
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Proposal
✦ Truncate all the collider curves on DD plots at M = 100 GeV

✦ Show this explicitly as a straight horizontal line, indicating that 

collider limits only apply to a closed area and further emphasizing 
an importance of DD experiments to cover the light mediator case


✦ Explicitly mention the minimum 
mediator mass for which the  
limits are applicable (and also 
truncate the M vs. m "collider  
style" plots at this mass)
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Figure 13: Exclusion limits at 90% CL in the mDM–sSI/SD plane assuming for vector (a) and axial-
vector (b) mediator models. The solid (dotted) red line shows the contour for the observed
(expected) exclusion using 12.9 fb�1 of 13 TeV data. Limits from CDMSLite [81], LUX [82],
PandaX-II [83] and CRESST-II [84] experiments are shown for the vector mediator. Limits from
PICO-2L [85], PICO-60 [86], IceCube [87] and Super-Kamiokande [88] experiments are shown
for the axial-vector mediator.
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Figure 14: Exclusion limits at 90% CL in the mDM–sSI/SD plane for scalar (a) and pseudoscalar
(b) mediator models. The solid red line shows the contour for the observed exclusion using 12.9
fb�1 of 13 TeV data. Limits from the CDMSLite [81], LUX [82], PandaX-II [83] and CRESST-
II [84] experiments are shown for the scalar mediator case. For the pseudoscalar mediator,
limits are compared to the the DM annihilation cross section upper limits from Fermi-LAT [91].


