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Abstract

In this paper, we introduce a first order low-regularity integrator for the quadratic
nonlinear Schrodinger equation. The scheme is explicit and efficient to implement.
In particular, our scheme does not cost any additional derivative for the first order
convergence. By rigorous error analysis, we show that the scheme provides first order

accuracy in H7(T) for rough initial data in H7(T) with v > 1.
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1. 5|8

TEARSLIRATH FE T IR —IRAE LR Schrodinger 77 #2
ity + Oppu = |ul?, (t,z) € (RT,T). (1)

HAT = (0,2m), U(t,x)TEE((R+,T)J:E@§1EIXI§Q, ug(x) € HY(T)(y > 0)?’3%\%%}]{5 RIS &
P R BEREPESE TG Z O, Tao%[iEY T WALk Schrodinger 7 FL7E H* (R) 2214,
g > U HESE A0; s < —1 MAEAEREH. JLB S chrodinger R ¥ B,
22 - SchrodingerFT BT 2 WL [2-51%. S MR M chrodinger AT 2 RL[6-11]%. 4000
JELEPESchrodinger Jy A2 AT 2 WL [12-15] 4.

ARAVFLIT LB E5 1 SR S chrodinger 7 B2, JUk, AT AT LRSI i 50
i L HESchrodinger J7 72, 1 U5 BR 2 43 J7 A [16] (17], 5 BRIGJ5i%([18] [19], 43 #1i%[20] [21], #07
i%(22] [23], Ttk Galerkin 7ik[24] [25], #HCBY K [26] [27)%.
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HAE SRR TR H AR (A AE R i (£, ) AU ESABL A w3 2 3K
[ultn) —w"[[mn < CT7,

Horp, rRIRB P K, oA B, Wi uo(2) = w(0, z)J@ T A H 723 H]. Tl 1A H R E D,
BIRT 46 {8 )= AT BeA AR A IR U, T SE o Uil b ol 7 iR A B SR A R AR w16
H AT RS S RVE B AR IE MR SRk, RO, #ESERR AR g b, BT M m s, MERZEE. AL S R
DRI, W16 B4 30 5 TV R B RO MR AR IE W B 7 T8I, X T4 S JE 2k M Schrodinger /7
#, Lubich [28]F] HStrange Splitting® %, “M¥MEJE T H 250, 152 7% 77 BEAEH Y 1) —Frile k.
JE K, OstermannflSchratz [29]F] HIHT L Ha W 5502, BAME IR T H 1, 4338 TAEHY TP g — B
K. Bdlt, WufllYao [30)45 1 —FiFourierfR 43 509%, MWMEJE T HYB, GEBH 175 HY HH i — il s,
ZEEA TR EARATAT T HL

AR SO FE & —IRAR LR M Schrodinger 75 F2 (1) AR IR 5095 BLIE 21— i il 8, AR SCH i i 5k

" = eiTAun—l 4 la—l [6i7A871un71 . €iTAUn_1} o 16—1 [aflunfl .un—l] ] (2)
2 T T 2 x x
FATH) E 2 By

B 1. Bum N T IRARHESchrédinger 77 72 (1)1 & (2) i IV EUE AR, 2T > 0. SMERy > 2,
[Beuo(x) € HYH(T), FEEH Hmo, C > OMAAHERINO < 7 < o,

T

u(tn) — vz < O, n=20,1,2,...,—
-

, ®3)

Hrr Mo > 01/21&*@3:71*”||U||Loo((o,T);Hw).

AR, R 2 i, G T R S M — S T B AR 3 R, AN —
B B A% A E B IERE. 2R 4 5, FRATIERA e #.
2. & FIR

FEATTH, TATNE—LeE L PERAEZERM . AT IS, AMEHA S BEEB 2 A
KFRUT L FAAERLERERC > 0, fi15A < OB, HEHA~ BREXRAS B A

TERE AT L, F-A1T5E SCER L f O FourierZ8 4ty

~ 1 )
fe= (2m)d /Td eilghxf(z) dz,

HFourier 22BN f () = Y.y, e fo.
XFEREf € L2(T), JATE L f (x) K Fourier R T X4

fla) =2 feet.

13/
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FourierZ8 # i P4 i
1£172 = @m) > |fel,

cez
F
fae) = D feeie

§,61€Z

5E X Soboleva [A]|HY, ~ > OHITu A

1oy = D+ IED> fel

€T
PUAE, TAIE B B 0 — S B Rk
SIFE 2. (ZLEMERT) X fe HY, tcR A
le™ 2 Flle = [1f ]|z

Proof. #R¥5 H Y JuL ) e L, %1

e fllmm = 3 (L + [€)>|emiBtf 2

I
= (1 +[g))e I fe 2
I
= @+ DI fel?
£EZ
= || fll -
]
513 3. (Kato-Ponce NEX) SHEREMy > 5, f,9 € HY, A F AL
1f gl < N flle Mgl e
Proof. %5 BFIIE I AT 2 WOCHR [31]. O

3. HEHKXBHIE

FEATTH, AN AEAEARS MG R, S 7RIS, FRAT TR 24 B i 2 iR IR 23 A DG ek £
M7 A e, Wu(t) = uw(t,z). A, BATHT > BRI EPK, ¢, = nrRIREE A%, —IRIELR
PESchrodinger 5 #£(1), I Duhamel A, 713

t
u(t,z) = e ug — Z/ e =2 (s, ) *ds.
0
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SINH AR

v(t,z) = e "Pu(t, ), (4)
H
o(t,2) = vo — i /O B iy (s ) Pds. (5)
IEAh, AR 2 2
B = —ie= |ty (¢, ).

AR FRATT R 75 A B — i uses, FrbAnT BLH v (t, + s) ~ v(t,) itk _Lidig X, 15
v(t, +7) =v(t,) + P(v(ty)) + L7,

Hor
" (v(ty,)) = —i /O ' et iltnt) Ay, (¢ )2 s,
Gl
L= —i /0 " gmiltata)a [[ei 92 (t, + s,2) 2 — [T (t,,, 2)[*] ds. (6)
Hodr, Lo AT LR AN s T, 0T PAE SR R 37, X BN S 4 R A 1 1E DU .
N, BATHRSERT @ (v(t,))EAT 04T, I FourierJ& I Al 3

n
O (v(tn)) =—i Y @1@2€i£~weitn(52+|£12—522)/ s HE P 161 g
§=61+&2 0

HARNFEICO, = g, (£) Fliy = g, (t,)-
RAEE = & + &, WAL + |G — |&)? = 26&. Bk, @(v(t,)) R 5 TTA] LS B

- T iT2861
/ eis(|§|2+‘£1‘27‘62|2)d8 _ / eiSQEglds = 6“—.711.
o 0 2186

L,  (u(t,,)) T LA 5 [E 4B 4% ]

iT28E1
O (o(t) = —i 3 Dupe el olen £ 1
2186

§=81+82
:ie_i(t"”mﬁgl [ei(tn”)ﬁaz—lv(tn) . ei(t"”)Av(tn)}

1

1 _. -
- 56_”"A6;1 [e”nA(?;lv(tn) : e”"Av(tn)} .
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BT A, BATTAT LUK S5 SO
W — %efi(tn+r)A6;1 [W' ei(tn+'r)Avn]
_ ie—ztnAgx—l |:6ztnAa;1,Un . eztnAvn} , (7)

EKEPIn >0, v° = v, IHHom =0 (2).

W A A 1 (4) RO SRARN B (7), BRI AT 3 2 XA AT AE L 14 Schrodinger 75 F2 (1) 19— i i Sl &
1%(2).

4. EIE1HIIERA

AR PATTIE I SR AR 2 23 M AR E 1k 23 M Xt — B IS Sl R4 — A AR HOAE . i 51 B2 W] R,
A8 5 (4) fESobolev s [ 2 S E 1), WA

lu(tn) = u" [l = e 2 o(ta) — e 20" [ 5r = o(tn) = " |17
PRI, AT 7 ZAE B o () Mlo™ B — B sioE 2.
[ 525 3 9 T AR B A (D)

U(tn+1> = U(tn) + (I’n(v(tn)) + L7,

FIEEA(T)
"t =" 4 " (v™).

DRI, PTA5 A e 1Y) iR 22
V(tpyr) — 0" =L+ ST

Hr
S" = w(tn) —v" + @"(v(tn)) — 2" (v").

N, BRAPEASG U R iR ZE L AR E TS,
SIEE 4. (JBHBIRZE) By > 5. Bikue € HY, WAFAER Br FIC > 0, N TR0 <7 <70, H
T ANAGE R AT

1£" |z < C72, (8)

/E‘\:EPT()*DC > OaﬁaﬁﬁTT*D||U||Loc((0,T);Hw).
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Proof. MRIGLHIE X, FE5E 5 B2 5| B3, 715

H[:TLHHW 5/ ” “ei(tn+s)AU(tn + S)|2 o |€i(tn+s)Av(tn)|2] ||de8
0

S /OT [o(tn + ) — o)l ([0(tn + 8) |7 + lo(En) |27 )ds.

‘]E%ﬁﬂ@tv — _Z'efitA|eitA,U(t’x>|2’ 'J_I\Uﬂfgf
S
[o(ty + ) — v(t) [l 5/ 100 (tn + t)|| -t
0
5/ H _ iefitA|eitA,U(t)|2”det
0

5/0 0117 (0,7); 1)1

§CSHU||%OO((0,T);Hw)'

g AT,
1L < CT2,

Hsp OB T [ol] e 02y e, BAISERL T 31 BARITED.

O

SI¥8 5. (FesEtk) ¥y > 5. Rikue € HY, WAFAEHE BiroMC > 0, RN TAEEKO <7 <70, BN

HUASTE A ROT
18" |5 < (1 + CT)lu(tn) — 0" a2 + C7llo(tn) — v" 175,

HrrgMC > ofUKH T TH 0| o< ((0,1);17) -

Proof. HS™H15E X A %1,
18" 1rrs < Nlv(tn) — 0" [ + |27 (v(tn)) — @™ (v™)[| 1o

IO s X, 44 5l B G| 3, WA

19" (v(tn)) = " (") = | = Z/ e tIB [Je By (8, @)[* — |+ 20"?] ds|l 1+
0

< / () — 0" a2 [0 (tn) + 07| 1+
0
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R, 7T
18" [+ < (1+C7)[[o(tn) = 0"l + C7llo(tn) — 0" |13,
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R, G5 R R b FURSE e B, A4t B L E .
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- - T
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7=0
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EEUH
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