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S1: Optical setup for nonlinear optical measurements
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Figure S1: Optical setup for nonlinear optical measurements. L: lens, HWP: half-wave plate, PH: pinhole, DM: dichroic mirrors, FM: flip-mirror, A: analyzer, Obj: objective lens.

S2. SEM and dark-field images of the MoS2-DoMN.
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Figure S2: (A) SEM and (B) dark-field images of the MoS2-DoMN. The dashed circle indicates actual detection area. The inset of (A) shows the zoom-in SEM image of Au nanosphere dimer, where the scale bar is 100nm.


S3. Calculations of SHG and THG from the monolayer MoS2-DoMN.
[bookmark: _GoBack]The initial step involved in determining the field distribution  of MoS2-DoMN at the fundamental frequency using COMSOL based on the finite element method. Subsequently, the second- and third-order nonlinear polarizations of the monolayer MoS2 and DoMN were derived from  and . Considering the monolayer MoS2 belongs to the  point group,  possesses a single non-zero element  and comprises the non-zero elements as follows:   and . Assuming the excitation with arbitrary polarization , the second- and third-order nonlinear polarization of monolayer MoS2 can be described by 
              (1)
and
        (2)
where is the vacuum permittivity,  and are taken from the experimental data as and  [1]，respectively. For the metallic part of the hybrid structure, the second-order surface susceptibility of Au is dominated by the component . As a result, the corresponding nonlinear polarization is written as
,                (3) 
[bookmark: OLE_LINK8]where was set as  [2]. The general expression for the third-order nonlinear polarization of Au structure is denoted as
                  (4)
where  was taken as  [3].The nonlinear polarizations calculated from Eq. (1)-(4) were then considered as the SHG and THG sources of the MoS2-DoMN hybrid structure, which was executed by the finite element solver to obtain the nonlinear signals at TH and SH frequencies. The radiation patterns were derived using the far-field domain module.

S4: SHG and THG from 3 other MoS2-DoMN hybrid structures.
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Figure S3: (A)-(C) Full views of bright-field (left panels) and SEM (right panels) for the three MoS2-DoMN hybrid structures. The inset of (right panels) shows the Au nanosphere dimer, where the scale bar is 100 nm. (D)-(F) Measured scattering spectra, (G)-(I) SHG and THG spectra of the three MoS2-DoMNs.
Table S1: Summary of SHG and THG EF.
	MoS2-DoMN
	1
	2
	3
	4
	averaged

	EF
	SHG
	15
	9
	17
	12
	13

	
	THG
	68
	65
	64
	62
	65



 

S5. Effective enhancement factor.
Considering that the collected nonlinear signals also include contributions from the background MoS2, the actual nonlinear responses of MoS2 enhanced by the DoMN should be large. To quantify the real nonlinearity enhanced by the DoMN, we define the effective enhancement factor  as 
                                 (5)
where   and  are the SHG/THG intensities of the MoS2-DoMN hybrid structure, pristine monolayer MoS2, and the DoMN, respectively.  denotes the area of the dimer (∼0.03μm2) and  represents the area of MoS2 we collected (∼6μm2). According to Eq. (5), the enhancement factors are determined to be 3000- and 13600-folds for the SHG and THG of MoS2, respectively. 
Table.S2: Comparisons of THG and SHG .
	Structure
	SHG EFe
	THG EFe
	FW/nm
	Ref.

	WS2/NCOM
	280
	\
	800
	[4]

	WSe2/trenches
	7000
	\
	800
	[5]

	WS2/nanogroove
	400
	\
	860
	[6]

	WS2/nanoantenna
	40
	\
	1260
	[7]

	WS2/NPoM
	3000
	3800
	1240/1260
	[8]

	MoS2/nanohole
	1527
	\
	869.6
	[9]

	MoS2/NW
	140
	\
	800
	[10]

	WSe2/NPOM
	3800
	\
	1450
	[11]

	MoS2(GR)/QD coating
	170
	60
	820/1350
	[12]

	MoS2/DoMN
	3000
	13600
	1550
	This work


\ not available.


S6. Polarization-resolved scattering spectra.
[image: ]
Figure S4: (A) Polarization-resolved scattering spectra of MoS2-DoMN. The SH and TH frequencies are marked with red and black dashed lines, respectively. Polarization dependence of the (B) SH and (C) TH frequencies, respectively.

S7: SHG far-field amplitude patterns and phase differences (|MoS2-DoMN|) of the SHG far-field between MoS2 and DoMN in the xz-plane.
[image: ]
Figure S5: (A) SHG far-field amplitude patterns of the monolayer MoS2 (blue solid curves), the DoMN (green solid curves) and the MoS2-DoMN (red solid curves) in the xz-plane. (B) Phase differences (|MoS2-DoMN|) of the SHG far-field between MoS2 and DoMN in the xz-plane.

S8: Calculation of the parallel components of the SHG and THG intensities
The polarization dependence of SHG for pristine MoS2 and MoS2-DoMN in Figure 3(E) can be described as [6]: 
                          (6)
and
                   (7)
where  is the coupling coefficient of the pump laser with the dimer,  is the angle between the pump laser and the dimer long axis and  is the mismatch angle between the armchair () direction and the dimer axis (about 3.13° for the measured sample).
The parallel components THG intensities of the pristine MoS2 and MoS2-DoMN in Figure 3(F) could be described as: 
                       (8)
and
                (9)
where ,  and  contain all of the nonzero elements in the third-order susceptibility tensor .
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