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o0 IMS GOAL AND MOTIVATION

The dielectric laser accelerators (DLA) are micrometer-scale structures made of silicon or
other dielectric materials and illuminated by external laser light. They eliminate metal components
and therefore overcome electrical breakdown limitations of conventional particle accelerators in the
presence of high electric fields.

The principal elements of DLAs are diffraction gratings.
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Wootton, Kent & Mcneur, Josh & Leedle, Kenneth. (2016). Dielectric Laser Accelerators: Designs, Experiments, and Applications. Reviews of Accelerator Science and Technology.

Our goal is accurate quantification of the resonance effects in DR from two circular nanowires covered
by graphene and placed in line with the beam trajectory that is close to the DLA-related applications.
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o IMS PROBLEM FORMULATION

Connecting Minds. Exchanging Ideas. SAN EGO
We assume two circular graphene-covered dielectric rods with
radius a and dielectric permittivity € at the distance L from Va
each other. _ T it
Time dependence is (€
Y ool o—f o000 0
We introduce the global Cartesian and polar h ([1.2) (rn, on)
coordinates, r=(xy)=(r,p) X=rcosp, y=rsing 1l a
The incident wave is the field of a sheet current moving f g |72
along the straight trajectory with velocity v = pc (8<1) a >
[ %
The beam charge density is p = p,0(y—h)expli(kx/ g—-wt)] (1) @) I
The incident field is the H-polarized slow surface wave * 2
propagating along the beam trajectory _
0 —qly—hl~i (k/ B)x ) a=radius "
H_ (x,y) = Apsign(y — h)e e eL:((;l.letIectrlcl:)ptermlttlv[ty .
B _ (1 p2\U2 — distance petween wires centers
where q=ky/f, y=0-/") h = impact parameter
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00 1IMS  GRAPHENE’S CONDUCTIVITY DESCRIPTION ==
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The most widely adopted today quantum model of the electron mobility in the graphene monolayer is
the Kubo model. Here, the graphene thickness is considered zero, and its surface conductivity is o (@, .7, T),
This value consists of two contributions, o =0, + 0., , Which are intraband and interband conductivities

) 2 . -1 h
O = Q_ He +2In| 1+ exp| — He , Q:qskBT Oty = 1% In ‘ﬂc‘ (wﬂr_) .
(1/7-iw) | kT kg T i Arh 2‘y0‘+(a)+lr 1)h

Then, the normalized (i.e. dimensionless) surface impedance of graphene is |Z(®)=Zy (Giua + O )

The plasmon frequencies of The relative contribution of two terms into Z

uc=0.5 eV, 1=0.5 ps ©=0.5 ps, T=300 K C=lointerl/[ointral

single nanowire are given by _ — ~ Re(on) 0.0
100 ";l - Im(cintra) . 1,585
1/2 ' - = Re(cinter)
= 1 mcC2 104, Mo, - 0,2512
fm ~ N - 0,03981
27 a(8 +1) £ 1 - 0,006310
0,1 3 b
g - - 0,001000
0,01 3 - 1,585E-04
Additionally, when x >>kgT 0,001 1 [ 2,512E-05
then Q is proportional to potential .. 4] [:Zf;igj
15 1,000E-07
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o0 IMS BASIC EQUATIONS e

We search for the magnetic field written as follows: Substituting into (6) and (7) the series (4) and (5)
(o) and a similar series for the beam field (2), using Graf’s
Lyt _ » fp<d, p=12 (3) theorem, and introducing new scaled unknowns
H°+H®*, r{r >a,p=12 xXP =zPw  where w_,=(-1)"w_, w_,=n!(2/ka)",
The field in partial domains can be expressed as we derive two coupled Fredholm 2-nd kind
HIMO) (1 ) = i Y3, (kar, )& r<a p=12 () matrix equations (p #j =1,2),
" ® 1y DY wH (KX = FPD 2,
HeXt(r,(D) Z Z Z,(]p)H(l)(kl‘ ) Ingap’ rp >a (5) Xm m—m nzz_oo n m—n( )Xn m m (8)
Prhan o ad, (ked)
where Y”. Z" are unknown coefficients, H,() and J.() where Vi, =Jy Z{J J' (kad) ‘]m}
are the first-kind Hankel and the Bessel functions, respectively. 5 " 'Z{H' ady(ked) }
. g ayn W —1 _—
The resistive boundary conditions at the rod contours J (kaa) "
r,=a, 0<¢, <2z, F(p):iz{g,(p)a\]m(kaa) (p)} g®
" " (kaa) "

E;r:(p) = Egp + E;?:, (6)

12) _ —q(s+a+h); m _ m p-m+l
Pp Pp Pp

| (7)  and the omitted arguments of the cylindrical functions are ka.
ZZZO[H e _HO —H e"‘] Fredholm equation guarantees convergence of the numerical code.

where p=12 ,7Z,= \/uo l &, is the free space impedance, Z is surface impedance of graphene
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G2IMS  SCATTERING AND ABSORPTION

CROSS- SECTIONS

At r >« ,we express the scattered field as Although the dielectric nanorods can be assumed
- _ v _ lossless, the graphene covers are sizably lossy.
H=(r, @) =(2/i7kr)™" D(p) exp(ikr) Then, the partial absorption cross sections (ACS)
where the angular scattering pattern is a are 12) ReZ L2)
function of z? Taps =785 1Z P n;JA‘ |

CD((D) — Z ( |)mJ |:e ZIKLSHWZS) +ez|kLS|n(pZ£n2):|em’ where AELZ) — g;](l,Z) _|_Zr(]1,2)Hrrl+Jrr] Z (ii)m_nZ,(nz’l)Hn_m(kL)

M=—o00
M=—o0

The sum of all partial SCS and ACS is the extinction

Partial scattering cross-sections (SCS) are cross-section, o,
502 _ 2 _[ | O (¢)|z do This is the Optical Theorem adapted to the DR
= TkA? ’ effect of a modulated beam of electrons.
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The Total Scattering and Absorption Cross 100
Sections spectra in the infrared range (from
280 nm to 460 nm) for two distances between 10
the nanorods
L =30 nm and L = 50 nm are presented.

The dipole supermode P1
and the quadrupole
supermode P2 quartets are
shown closer on the next

slide 280
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S0 IMS NUMERICAL RESULTS

Zooms around the frequencies of the supermodes P1 and P2

R ¥
a=10 nm, B: 0.5, “’c=10 eV, e=2.4 a=10 nm, B= 0.5, [,10210 eV, e=2.4
10 -
: 433.12 442 A7 44373  447.72
13
3 8 01
g g ]
O 1 (]
n D 1
6 013 ° 0014
] —— 04, L=30 nm ] G¢e L=30 Nnm
0,01 3 — Ops, L=30 nm]| 0,001 - —— 0, L=30 Nm
- Gs(y L=50 nm . ; [ GSC’ L=50 nm
—— Gps, L=50 nm - ——— G0, L=50 nm
0,001 ¥ T ¥ T T T v T ' T ¥ 1E-4 T T T T v
300 305 310 315 320 325 330 435 440 445 450
Frequency, THz Frequency, THz
The quartets are visible The quartets are not resolved

AMTT-S ]
I E E E M IEEE MICROWAVE THEORY & <Session>-<Pa per#>
7 TECHNOLOGY SOCIETY



S0 IMS NUMERICAL RESULTS

Near magnetic and far field patterns of supermode P, .

(a) L=30nm| (b) (c) L =50 nm (d)

a=10 nm, L= 30 nm, = 0.5, p.=10 eV, £=2.4, f= 301.52 THz a=10 nm, L=30 nm, = 0.5, u =10 eV, e=2 4, f= 302 25 THz &a=10nm, L=50nm, f= 05, u=10 eV, £=24, f=309 32 THz =10 nm, L=50 nm, = 0.5, 1. =10 eV, £=24, /=309 77 THz
18.00 15.75 19.50 17.95
14.40 12.60 15.60 14.36
10.80 | 9.450 11.70 10.77
7.200 6.300 7.800 7.180
3.600 3.150 3.900 3.590
0.000 0.000 0.000 0.000

a=10nm, = 0.5, L =50 nm, u.=10 eV, e=2.4, f= 309.77 THz
90

12 18 e .
16
10 1.4
08 124
08 10
08
04 064
02 0
02
00+ o
02+ 02
04 04
06
06 el
08 10
10 d&
14
12 16
18

f=301,52 THz f=302,25 THz f=309,32 THz f=309,77 THz

AMITT-S ' ]
’ I E E E m IEEE MICROWAVE THEORY & <Session>-<Pa per#>
4 TECHNOLOGY SOCIETY



=0
SAN DIEGO

S0 IMS NUMERICAL RESULTS

Near magnetic and far field patterns of supermode Pa2.

(a) L=30nm (b)
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C‘E}!,Mgds FURTHER RESEARCH: FINITE GRATING :;A;.

Preliminary results for DR from finite grating

a=10nm, =05, u,=10eV, £€=24,L =2 um, N=1

i 100
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P1 - plasmon modes "
Note that the magnitude of this peak, if - _1'\3’
normalized by M, does not depend on the 0.01 1 —— 50
number of wires (all the curves overlap - I
completely). T s w0 as | a0 35 0
L-6) - lattice resonance. Frequency, THz

Due to analytical regularization and Fredholm 2nd kind nature of the final equations,
the accuracy is far beyond any commercial code

AMTT-S _
I E E E VA AN = uciowocicon s <Session>-<Paper#>
7 TECHNOLOGY SOCIETY




=0
SAN DIEGO

IMS CONCLUSIONS

We have presented basic equations and sample numerical results for
the diffraction radiation from two in-line dielectric circular nanorods with
graphene covers exited by the modulated electron beam.

The resonances on the plasmon supermodes of different symmetries
have been found and discussed. By means of changing the size of the
distance L, one can manipulate the resonance frequencies. The larger the
L, the closer the frequencies of all four supermode resonances to the
limiting value, which is the frequency of the corresponding plasmon mode
of the single circular coated nanorod.

This analysis can be useful in the design of DLA sections made of low-
index dielectrics, however, covered with graphene.
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