Notes on the paper
“Sparse bounds for Bochner-Riesz multipliers”,
by M.T. Lacey, D. Mena and M.C. Reguera

Rk 207

1 Introduction

Cube Q IZH LT, ¢(Q) £ Q) Z2ZNTh Q DL, HOET LT 5.

For any a € {0,1,2}", we define dyadic lattices

2° = {277 ([0,1)" +m+ (-1)*a/3) ;k e Z,m e Z"}.

WOMBEF LIS HONTVWEDT, TZITIEHIHZLTHWS Z & F 5. 5] 12, KvBOFRAEILNT VS
M ZTIRBEEIR.
Lemma 1.1 ([5]). For any cube Q c R", there is a cube Q € 2% for some o € {0,1,2}" such that Q c Q and
36(Q) < 1(0) < 64(Q).

RIZ, sparse family & sparse form % EFHT 5.
Definition 1.1. (1) 7€ (0,1) £ 9 5%. R™ @ cube DI S A n-sparse family < for any Q € S there exists

Eg c Q such that {Eq}qges is pairwise disjoint and |Eg| > n|Q).
(2) R" D cube DIE S & 1<r,s< 00 ITHLT,

AS;T,S(.ﬂg) - QZ;S‘ |Q|X(Q)v where X(Q) = Xr,s(Q) = (f)Q.,r(g>Q,sv

and {f)q.r = QI | fl1r(@y T < 0 and (f)q.e = f1=(q)-

D dyadic cubes 20 1%, fFED e (0,1) 128 LT n-sparse THS. £72, m> 1 1L T m% = {mQ}gea,
H,2TD n T LT n-sparse TH 5.

Z D#mX Tl%, Bochner-Riesz operator
ms(D)f(w) = F ' [ms f](x),
where ms(€) := (1-1¢7)3, ay := max(a,0) and § > 0 (XL T
[(ms(D)f,9) § As.r.s(f,9)
WS EHii % f, g e L™ with compact supports {23 U T L TW 5.

2 Fundamental facts for sparse bounds
XD universal sparse family DIFIEIE, BR4 IRAEHFZOFHEITT L THM b b DT, T2 TitHT 5.

Theorem 2.1 ([6]). Let r,s € [1,00] and n € (0,1). There exist n-sparse families S ¢ 2%, («a € {0,1,2)™),
such that for any ng € (0,1) and ng-sparse family Sy, it holds

Asoirs(f,9) S (L=n) VT HIngt 57 Asasr o (. 9)-

1



Proof. iD=, X(Q) = (flo.(9)qs £T 5.

o2 (n+1+10g2%) (1/r+1/s)
-n

L35,
aZEHEL, keZ IlZH LT

S :={Q e 2*;2°% < X(Q) & maximal w.r.t. inclusions}.

Claliml Q € S? — 2o'k: < X(Q) < 2ak+n(1/r+1/s).
Z ik, Holder inequality 726 H 5.

Claim 2: For each o and k, S} is pairwise disjoint.

Ihd, AW SHERTE 5.

Claim 3: Qe Sy, Re Sy withk<l=QnR=gor R¢Q.
2k <290 < X(R) &0, Qc R 21370 272\,

QeSS IZHLT,

C(Q)={PeSi;PeQ}
Cr(Q) ={P e C(Q)(f)rr>al{flor}
CQ(Q) = {P € C(Q)7 <g>P.s > b(.g)Q,s}

2 l/T 2 1/5
Wherea:(—) and b:(—) LiEL.
1-7 1-n

Claim 4: Q € S = C(Q) = C;(Q) u Cy(Q).

S SR PeC(Q) BN, P ¢ CHQ)UCQ) LRET S Y,
20(k+1)

2J(k+1)
ab
ThhiE, Claim 1 225 Q € SY ICFFLmBH, ZORERNL, o D&M LFAMET

< X(Q) THHEEB, B L
2ak+n(1/r+1/s) <

H5.

a

QeSy IHLT, E=Q\ | P es<.
PeC(Q)
Claim 5: |[Eg| > n|Q)|.

. Tl
PeC(Q) THNZ, |P| < a‘T|Q|HHL7(P) THHH5, Claim 2 2 ZT 2 &

T
EolzlQl- ¥ IPl- Y IPl2(-a-0)Ql= Q)
PeCy(Q) PeCy(Q)

Claim 6: S := | Siy = {Eq}ges : disjoint.

QeSy, ReSy with & < £ and QNR+2 £33 2%h,Claim 3 &Y R Q. HANTLTEZ 3.

- k=(¢ DFEIX, Claim 2 & D K d 5.

k<l DHBAE, EgnR= 2R3+ THENS, TNLRAMEAR RcUpec) P ZmT. (=k+1 DL X,
ReS¢ =82, TReQ &9 ReC(Q) cUpeciqy P £V W5, £>k+2 0r &g, 200+ < 290 < X(R).
£o7T, 80, DEHENS, DD ReSY, TRCRL%B23DWHB. QnREo P2 k<l m5 RgQ 2%b,
ReC(Q) »F51, Claim 6 DFFMATET T 5.

MU ET, §%c 9* ? n-sparse family TH B Z L B30 h - /2.



#Bix, FER2RZEREV. Lemma 1.1 225, Qo e So 2HULT, Qe |J 2% such that Qy c Qp with
ae{0,1,2}n

30(Qo) < 4(Qo) <6(Qo) £72BHDNH T

X(Qo) 0= X(Qo) #0 =27 < X(Qp) < 2°**V for some k € Z
=7QeSYst. Qc Qo c Q-

Lo T,

~ 1/r+1/s
X(Qo)ﬁ(:gz:) X(Qo)

< 6n(1/r+1/s)20(k+1)
< 6n(1/r+1/s)20X(QS)
< (1 _ n)—(l/r+1/s)X(Q8)

2155, ChERHVD L, HEOFRERNREND

ASO§T7S(fvg) = Z |Qo| X (Qo)
QoeSo
X(Qo)#0

<22 > 1QolX(Qo)

a QeSS QoeSo
X(Qo)#0
Qo=Q

S(L=n) Wt S 3 X(Q) Y B
a QeS« QoS
X(?QO)(;!O
Q5=Q

< (L= Wt Y Y 1QIX(Q)

a QeS«
< (1=n) et S Asesr s (£, 9)-

RIZ, B U7z sparse form ZE AL, @EDOL DL OREMZRT. r<oo & N>» 1 IZR LT,
(Mar = QI f My-1(xQ) -,

E72, (fh@.oo = [ L= (@), where My, f(x) = Sgp(f)Q,mXQ(x) LEDD. ZIT,

nfr

-
|z - e(Q)]

1+ ——=

UQ)

M, (xq@)(z) ~

WWIERELTEL. ZhiEAVT,

A:S;r,s(fvg) = Z |Q|<<f>>Q,T<<g>>Q,€
QeS

EEDB. Asyps & As,. o DRENE, Culiuc, Kesler and Lacey [3] IZ& DU TDO & ITRENT VS,

Lemma 2.1 ([3]). Let 1 <r,s< oo, ne(0,1) and f,g € Lg. There exists n-sparse family S such that for any
1" €(0,1) and n'-sparse family S’, it holds

IS’;r,s(fmg) S ASW,S(fag)'

1
771(1 _ ,,7)1/7‘+1/s



Proof. {TE® cube Q IZH LT, AFD LS 12EL:
X(Q)=(faorlgqs and X'(Q):={(fhor(9)q.s

RIS EIZ DB
(Norsd, 2_jNHfHLT(21'Q)-
j=0
INEf> TR 5:

X'(Q) 5 Y 2V X (21Q).
=0

FEEE N TELICl D ET 22 LT,

X/(Q) < |Q|—(1/r+1/s) Z 2—(j+k)NHf

J:k=0

LT (29Q) lg L (27Q)

o j oo ko
S 2N Faigr 227" (ghargs + 2 27V (9)args 2L 277N (i
§=0 k=0 k=0 3=0
$ 327N X(27Q).
=0

iz,

Ny (fr9)s Y 1Q Y279V X(27Q")

Q'eS’ 7=0
< Z 2_jNASJ’.;r,s(fa g)'
7=0

ZZ7T,8={2Q Y ges 1, Eaiq = Eqr W |Eai| = [Eq| 2 0'|Q'| = 277™[27Q'| 72 DT, 277™n/-sparse TH 5.
Theorem 2.1 %{# - T,

S 2in
Nsrips(f19) 8 227N e Aseirs(f.9)
S’rys Z;J n/(l _ n)l/r+1/s ae{(gl:,z}n T,8

1
S S T ST ys Asers(f,9)
77/(1 — n)l/r+1/s M{O%:Q}n
1
< WAs;r,s(f,gL

ZZT,S X {Sa}a€{07172}n DDV LD, O

3 Sparse bounds for Bochner-Reisz means

UFTETo2, n>2 72 86>0 25 5.

3.1 Kernel estimates
aeRIZHLUT, ay :=max(a,0) £ 3 5. XD Bochner-Riesz operator 2% X 5:
ms(D)f(x) = F ' [msf](x), where m5(€) = (1-[¢)2.

Mg 13, Bessel Ei#
2

Im(t) :=c [ eltsinbo=imyg  (meZ, t>0)
0
o T,

Jn/2+6(|m|)

ms(x) =c || /24

ERbEIND. IRD Bessel HBOME 2> .



Lemma 3.1. (1)
¢m (t<1)

[ (B)] 5 { Y2 (t>1)

(2) T (t) = ea, (t) + e "a_(t) where ay € C*((0,00)) with

0

d—ai(t)

dtt S <t)71/H'

N 2P Tos

pe[1,00]

2D (1) &Y, 5> (n-1)/2 THNE, [mg(z)] $ (x)"+D/2) ¢ [V TH 255, ms(D) e
Zewbirg. ms(D) OEREERO X5 ICFEIATVNS,

Conjecture 1. pe (1,00) 72D §>0(p) := max(n‘1 - %‘ - %,0) ThNiE, ms(D) e L(LP).
p

6> 6(p) :=max(n|l/p-1/2|-1/2,0)

o—(ﬁgpn‘ ““1‘}2 “““ 75T : 7
0(p) DEEMIF Herz [4] TRINTWS. £/, ZOTFPHIE n=2 D& E, Carleson-Sjolin [1] 2LV RIN TV
Boall-l oo = pa 2 T cay, v b LPERIEAIENTE A, dulity & HFTI 0
p 2 2 n-1 n+1
FRNGEHINS.

To analyze the operator, we take cut-off functions ¢, 1 € C5°(R) with suppy ¢ [-/2,1/2] and suppyp c [1/8,5/8]
satisfying ¥ (t) + Y. p(2/(1-t)) =1 for all t € [0,1). T DHff%EHNT,
3=0

ms(€) = (e (1 - [€)° + 223'5 (27 (1~ [€))° (27 (1~ D) (1 +[¢))°]

= (e + i 2799521 (1 - |¢)) p(€).

where 9(t) = ¥(t)(1 - t2)° € C&(R), 3(t) = t°p(t) € C(R) and p is a function in C°(R™) supported on
{lel ~ 1}, e T 2. (D)), p(D) e (| ZL(LP) Boh o5, (D) OFFE2THIEE V. F7-, Rk
pe[1,00]

P27 (1= D)) flsc(i)Mf THEBHS, HHRER jeNIZHLTEZIL L.
WDT, peCP(R) with suppp c [-1,1] £ 0<7 < 1 IZH LT

5.0 =5 [o(H) 7] @

&L, 7IZB$ % growth estimate &2 5.



Conjecture 2. pe[1,00] 2 LT, |S-(D)|Lrore S 7@,

Conjecture 2 %*5 Conjecture 1 252 DX S TH B, 72, UK S, (D)|2nre $1=77@ LS. #ilx
iEn=20k %, Cérdoba [2] iZ& Y, second dyadic decomposition, £2-decoupling ¥ Kakeya maximal function

DEFMEEHWT,
|S-(D)| L1(r2yoraqmey $ log(1/m)* s 77°

MRINTWVWS., —fRIXTCTOFRIIIRTH S
Conjecture 3. p=2n/(n—-1) or2n/(n+1) T |S;(D)|rr—rer $T°°.
S(DYF(x) = f + Ko (2) & U, Bl Ko () :feizggo(l;m)d{ DA O % s 2 6 0.

Lemma 3.2.

-
|K7 ()] < { Tl =D2 ()N
for any N > 0.
Proof. 1 DHIZ,
K @) s 1= <lgl <1+ 7} 57
RIZ,

|K ()| = f o ( Gl ) do(-rx)dr

T
0

o L=1|r|\ Jin-2y/2(7]])
_ n—-1
[ ' “”( . )<r|x|><n2>/2 o

x ~ 1- |7‘| eir|x| x ~ 1- |’I“| e—ir|w|
_ n-1 L n—-1 -
—Cfr (p( - ) CENCE ay(r|x|)dr + [r ol — (r|x|)n/2a_(r|x|)d7‘

0 0
= cla| VR (L (@) + I (2)),

where ay € C°(R) with ‘;—ai(r) S {ry™™, and
T»m

If(x):feizrlxlr(n+1)/2¢(T|T|)ai(r|x|)d7~'
0

AN S |[2(2)| s 7(r2)™ for any N >0 2 5N2DT, RGP ESNS. O
IO ie LT,

I Koz s 7 f x|~V 2 g 4 717N f ||~ (=124 N) g < = (n-1)/2 ()

{lzl<r=1} {lzfzr=1}

218%. 20, TD pe[l,00] THLT, [Sr(D)|rrore s 7" D2 HZ, ms(D) e L(LY) if 6 > 5(1) =
(n-1)/2. Tk, Conjecture 2 @ p=1 OHFEITFIGT 5.

3.2 Sparse bounds

BUF @ proposition @ (1)-(3) IE#XIZH 5 £ ETT A, (4)-(6) IEATFMAE L~ (4) &, BiaesflzL-zdD
TF. (5) i%, Bernstein DAERZHWTHL2EDTT. (6) i, Mifl& Bernstein DAERZF > TWE7ZIFTT.



Proposition 3.1. For f,ge L, 0<7 < 1 andne (0,1) i LT, XD (1) - (6) 2723 & 5% n-sparse
family S BFET 5.

(1) [(S-(D)f,9) s 7D P As 11 (f, 9)-

(2) (S (D)f,9) s 7D min (As1 o0 (f,9), Asiee,1(f59))-

(3) If there is p € (1,2), for which it holds |S;(D)|Lr—rr Se 7°° for all € >0, then

(S (D) f,9) S 77 Asippr (£, 9)

for all € > 0.
(4) If there is p € (1,2), for which it holds |S;(D)|Le—pe.~ Se 77 for all € >0, then

(S-(D)f.g) s 7~ DO (f,9)

for all e >0, where q € (1,p) defined by 1/g=(1-0)+0/p, (i.e. 0 =p"/q).
(5) With the same assumption as (4), it holds

‘(ST(D)ﬁ g>| < T_(n_l)(I/T_l/sr_(1_0)/2)_€AS;T78(fv g)’

provided that v € [1,p) U (p’,00] and s € [1,7'], and 0 =p'[r'.
(6) With the same assumption as (4), it holds

(S-(D)f,g) s 7DD 2N (),
provided that r € (p,p’) and s € [1,7'].

Remark 3.1. (5) & (6) &, r=p or p’ D TH, IRE%Z weak type DFHMiN S (3) D strong type 123 5 & AL
95.

Proof. a>1 &4 5. Cube Q % suppfu suppgc Q m2 77 <1000(Q) 725 D&T 5. Q % 2 #ENfREKRD
BU, ORI 77 b L5127 5;

2711&[

Q= U1 Q; with £(Q;) ~77°.
P

2nM

ZIT, M=MQ,7,a)eN. i O%D, f= 3 fxg,=>./; &L, gDABAKETS. ZheHNT,
i 7

(s: DD« X [] 10K - p)ldedy
QjC]3Qk

28 1500 pldudy =1+ 11

Q;#3Qk

IT 13—k 2 5. Claim: |[[1] 71+ D/2+N(e=D Ao, (. g) for a large N > 0.
(1) £ (2) Tlxa=1THwv, (3) & (4) TIEO<a-1«<1»D N>»1TfH>.

if, TeQg, Y€ Qj with Qj ¢ 3Qr 1T LT,
|z =yl ~ dist(z, Q) ~ dist(y, Qx) ~ dist(Q;, Q)
ERBILIIERETD. 5, 0eNIZHLT,

L, ={Q;;Q; ¢ 2(c -1)+1)Qx & Qj c (20 +1)Qx}



¥Be ML, Som 7B, BERfioT,
271]%
=% % [ 1w (- ldedy
k=1
QJ¢3Qk

FTVSY S [ [ le@)le -y N dady

=20,
k o QJGL“QJ- O

1 N/3
TlfN22(0770‘)7(("71)/%1\//3) Z f|f(y)|( - ) dy
k o

Qielagy, dist(y, Qr)

L N/3
S0 (i)

< 7_1—N+o¢(n—1)/2+a¢N/3Z:Z:O_—((n—l)/2+N/3)) Z E(Qj)fN/Sg(Qk)fN/E)
k o QLo
N/3 N/3

f Fwl dzst(y,Q ) dy/ l9()| dzst(x Q) de

< 7_1—N+o¢(n—1)/2+o¢N an Z Za—((n—l)/2+N/3) Z |Qk|
k o QjeLl,

1 1
x(|Qk|/|f(y)|M3n/N(XQk)dy) (|Qk|/|g(1‘)|M3n/N(XQk)dx)
ZIT, Mynn(XQ,) § Manyn(Xq,) on Qr Zfio7. 1L, s o™ &, N>0 2 RE<THL

|II| S T(l_a(n+l)/2)+N(a_1)A:S';l,l(f?g)v

2rL1VI

where S = {Q;}5_; &, 2TD ne(0,1) (XL T n-sparse family. ZhT, Claim DOFEHADE T

(1) DFEH:

277.1\/[

-z = 1wl [ 9@)IK- (& = y)ldady

Qj CSQk

= [ 15 [ la@)K @) - y)dady,

where ¢ € C3°(R™) with suppy c {z;|z| S 77%}. 2 #53f#& Lemma 3.2 225,

K (@)(@) 5 7 3 20 DR2 ()
k=0

where 28 x 779 yq = XB(0,1) and Xk = X{[zw2ry for k> 1.
Wz, % kef{0,1,+, L} IWHLT, Q=ULMQ; with £(Q;) 28 ¥ #T 5. 22T, M =M(k). #t>T,

L
7 220 [15)] [ lot@hte - y)dedy

<722 w2y [y [ lo@ldedy
el B(y,2+)

nM

L
ST Z 2(n+1)k/2 Z ‘SQj|<f>3Qj,1(g)3Qj717 (B(yvzk) c 3Q])
k=0 j=1

S Tl_a(n+1)/2A$;1,1 (fa 9)7



where S := {3Qx}£_, is n-sparse family for all 5 € (0,1) with Esq, = Qk. (2L~ 77 ie. L~ alog(l/m7)). &»
T, II OFEli& &8 T, Theorem 2.1 & Lemma 2.1 #fi\5 &, H 5 n-sparse family S, 3% > T,

(SA(D)f,g) s 717D (14 7NV Mg 1, 9).
a=1%MET 5L, (1) OIWAITETT 5.
(2) DI (flo1 < (floe THEDS, (1) KVEBIZHESND.
(3) DM fRED S T FD & 5 123 T % ;

2n1\4
<> 20 15(D)fi l2e @09l Lo )
k=1 j
Q.?'CJBQk
ST 2 Iflerenlalr g
= &

J
Q;<3Qk
S T_EAS;p,p'(f7 g)a

where S := {3Qy } i, with Esq, = Q. II DFHlT, a>1 2D N>»1 295L, EikEE5.

(4) DFEWL: (1) & BEL D, [S(D) | pope § 70O IDO-02 pig 5050, (3) & FME LT
1] g 71 D202 p (o).

INE TDOFHET a>1 2D N> 1 2ERLZ602EbEs L, FRFFEONS.

(5) DFERA: The Fourier support of S-(D)f is contained in A; :={1-7<|{|<1+7} and |A;| ~» 7. We remark
that |S;(D)|propr § 702 D/2)(0=0)=¢ from interpolation. Note that 1/r = 1 — 6 + 6/p. Hence, applying

Bernstein inequality, we have

on M

171< > > 1S-(D)f
=1 5
Q;c3Qk

< 7_1/7“—1/5’T(l—a(7l+1)/2)(1—9)—5 Z Z Hf] ”LT ”gk
kE J

o |9k s

LS
< T—(nfl)(1/7‘—1/5')+(1—a(n+1)/2)(1—0)—5AS'rs(f’g)’
where S := {3Q}2") . 1, a=1 L LTI 2 4bET
(S (D)f g 5 7~ (DU DN (f.g),
with an n-sparse family S.
(6) DFEHA: In this case, we have ||S.(D)|propr $7°¢. Therefore, similarly as (5), one can obtain

11| g 7~ (=D N g (F9)

with the same S as that of (5). O

4 LP-bounds for Bochner-Riesz means deduced from the sparse bounds

Z ZTl, Section 3 T1F7z sparse bounds 2 AWTHE SN2 LP-HRMED p OHifH%ELT 5. 7272 L, Section 3
TH37z sparse bounds (& ||S;(D)|lrr S77° Z2IRELTHRONALEDTHE I L 2ERELTHL.
RO EEZ W 5:



Proposition 4.1. 1<rj,s; <oo for j=0,1 &L, 7€ (0,00) &5 5. #EAEHET 5 22D sparse bound % i

=T RET B
|(T.fvg>| < CjAS;T’ijj(fag)a (] = 07 ]-)

forall f,ge L. 772U, n-sparse family S 13BREG LTS, ZOHE, 0 (0,1) & 1/r=(1-0)/ro+0/r1 & 1/s=
(1-0)/s0+0/s1 1A LT,
(T1.9) < Co™"CTAs:r.s(f.9)-

FAMZIZGERH 2 BB 2 Z e B TEEHATU R, BMRIIZIE, Online TIEFEBEDFHC (will be published from J.
Fourier Anal. Appl.) BHENE T, ZND 8 X—YHO—THOARFERANHMTEEFEATL.

[7] Ti&, RO EEH (FRXA T, Theorem 2.3) &, proposition 3.1 ® (1)-(3) 2 EO#HEREZHNTRLTW
5. BHO-DIZFHEEZHAET 5. Let 0:=26/(n-1) € (0,1).

vi = (1/p" +0[p,(1-0)[p), va:=(1/p"+0/p,1/p+0/p"), vs:=1p and vy =11

where (a,b) = (b,a), &L, ZTNS5TTE A% R(n,p,6) £35. § ¥ p DIET, FOK (a) TD vy DILED vy
BN HDET. FHRRIZ, g Vg IZRBZENHD ET.

Theorem 4.1. Letn>2, 6 € (0,(n-1)/2), n€(0,1) and pe (1,2). |S-(D)|rrorr ST THD LT B L,
[(ms(D)f,9)| § Asirs (f,9), (2)

for all f,g € L, with a n-sparse family, provided that (1/r,1/s) € R(n,p,d). =512, (1/r,1/s) e R(n,p,0) N
{1/r+1/s > 1} 1T U TIE, EOFHliIE AL

F 72fi > TR\ Proposition 3.1 @ (5)-(6) % FH\WT (2) 25 D 32D (1/r,1/s) O#EIPHZ/EXKT 5 & LA F DK (b)
L5, 22T, M (a),(b) T, R EDOZ L IFRIILABEWVWI IZLTW5. BROKIZRHEOHATHEEEHAT
U7zds, vy & vy @ 1r FEELFIIZE (D) 125 1/p+0/p’ 0 BEITNXIWDT, | (b) @ By ¥, XA ERT
B R(n,p,0) DIMIMIET 5. DF Y, Theorem 4.1 O sharpness (ZFEVWTH B, 72720, TNIXEES ORI S
type S ATHD0H L.

1/2 1/p 1 1/2 /o 1/p+6fp 1

(a) Lacey-Mena-Reguera [7] (b)

(b) D 2 DDEIE

by:1)s==(1+p'[2)r+ (P +0+1)/2
ly:1)s=-1/r+1+6/2.

10



5 Sharpness of the sparse bounds for Bochner-Riesz measns
[7(] T, 0< N\ exl &U,
R:=[-1/A,1/A] x [-¢/A, ¢/A]" " and R:= R+ (1/A,0,--,0)

LD, fi=eltlyg, gi=e Wy s ZHWT, sharpness Dz LT3, £7, M FOBICHRT 5:

{ms(D)f,g) —cff —i|z[+i]y] Inj2es(lz = y|)dxdy

|.T y|n/2+6

et(z=yl-lzl+lyl) et Cle=yl-lzl+y)) R(z -1y
—ilx|+ily| Y
ff [ = | (D245 dz y+cff|z |2+ dz y+cff " Zy|x_ |n/2+5d wdy
_.I+H>eIH,

22T, |R(t)| st for [t| > 1. [7] TI¥, ze Rand y € R THHUT

{nx—m ~Jo]+ lyll s e )
|z =yl = |zl + |y » |z -y

EERLTWARINBIITHBTH S, EBE, 1 DHIX, 2 %2 ROEAH, y 2 ROAHET L, [z —y|-|z|+y =
2/ >0 as ANO0. 22HIF, z=072y & ROLEGHETDE, —|z—y|-|z|+ |y =0 7D, -z -y| = -1/

(3) #ELWE LTHL RTaB L, [ T, IREEMATE 20T, H2REAZ W, [1 TH, (z &y HHELT
T, )stationary phase T, AN OIEHTHAMTE 5. 111 TI&, BREOFAH > \-(""D/24 CHficE 2. Zhsh
5, |[(ms(D) f,g)| > |I| - |II| - |III| 3 A\* for some a > 0, BF 505, [7] D (5.1) T, |R|~ X% TH 5 T & hifi
BNTVWBH, EENS R~ N D2 TH2. (3) BRUET B LT, R, REZTETEDENL 25X 0 JihidH
DETH FLEBLHFENVTHEAEBLTAEYT. ROBEDCHRIIZZETTT.
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