ZERO DIFFUSION-DISPERSION LIMIT FOR THE
BENJAMIN-ONO-BURGERS EQUATION: THE REGIME 4 = o(e)

GIUSEPPE MARIA COCLITE, NICOLA DE NITTI, OLA H. MAHLEN, AND ELIOT PACHERIE

ABsTrRACT. We prove that solutions of the Benjamin—Ono—Burgers equation converge to the
entropy solution of the inviscid Burgers equation as the viscosity € and dispersion § tend to zero
subject to § = o(e). This improves the previously known condition § = O(e3/2). The main new
ingredient is a local spacetime L* estimate obtained from the one-dimensional interaction identity
associated with the Varadhan functional, applied to the conservation law and its quadratic
entropy balance.

1. INTRODUCTION AND MAIN RESULT

We consider the Cauchy problem

Ortie 5 + Ue 0puec 5 = €02uc 5 — OHO?ue 5, t>0, z €R,
UE,(S(O?x) = uO,E,(S(I)a S R,

(1.1)
where € > 0, § > 0, and the Hilbert transform is defined by

(1.2) Ho(z) = 1 p.v./ wly) dy, Ho(§) = isgn(&)v(§).
™ RY—T
For H?(R) data, (1.1) has a unique global solution in C([0,00); H?(R)); see [Guo+11; Moll3].
Moreover, for each fixed €, > 0, the solution is smooth for positive times.
We study its limit as diffusion € and dispersion § vanish simultaneously.
In [Coc+25], we proved the convergence of the family {u. s} to the unique entropy solution of

Ou+ud,u=0, t>0, z€R,

(1.3) u(0,z) =up(z), z€R,
under the balance condition § = O(¢/2).

The compactness argument used in [Coc+25| is based on the LP compensated-compactness
framework introduced by Schonbek [Sch82] and refined by Lu [Lu89]. It amounts to the fol-
lowing criterion (cf. [Coc+25, Lemma 1.2]). On every bounded open set 2 C (0,00) x R, let
{vj};j>1 be bounded in L*(Q). For n € C?*(R) with compactly supported derivative, define

an(2) = [y ro/(r)dr. If
(1.4) {0im(vj) + 0xqy(v;)}; is relatively compact in H; !(Q)

p
loc

for every such 7, then a subsequence converges almost everywhere and strongly in I () for every

1<p<4

The entropy-production estimates in [Coc+25] already give the compactness in (1.4) under
4 = O(e), while the dispersive entropy error vanishes under § = o(¢). The stronger restriction § =
0(53/ 2) entered only through a global-in-space, pointwise-in-time L* estimate. That estimate was
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obtained from a modification of the higher-order conserved quantity I of the inviscid Benjamin—

Ono flow. Differentiating the modified functional produces, among other terms, a constant multiple
of

(1.5) 56/(83311575)27{81.%,5 dx.
R

Estimating (1.5) by the one-dimensional Gagliardo-Nirenberg inequality causes precisely the loss
from O(g) to O(g%/?).

The observation of this note is that a local space-time L* estimate follows directly from an
interaction identity. After localization by a positive, exponentially decaying weight, we pair the
conservative form of (1.1) with its quadratic entropy balance. The determinant of their fluxes
contains the coercive term u‘; 5/12. The remaining terms are controlled by the L? energy identity

together with the weighted L? quantity when § = O(¢).
Our main result is the following.

Proposition 1.1 (Local L* estimate). Fiz T > 0, A > 0, M > 0, and a compact set K C R.
There is a constant C = C(T, K, A, M) with the following property. If ugs € H*(R) and

(16) 0<e<, 0<d<Ae, ||u0,s,5||L2(]R) < M,
then the solution of (1.1) satisfies

T
(1.7) //|ua,5(t,x)\4dxdtgc.
0 K

Using Proposition 1.1 in the arguments of [Coc+25] gives the following conclusion.

Theorem 1.2 (Diffusion-dispersion limit). Let ug € L2(R), and let § = §(¢) > 0 satisfy

0
(1.8) g —0 ase | 0.
Assume that, for every 0 <e <1,
2
(1'9) UQ,e,5(¢) €eH (R>7 Oi‘igluuo,s,é(s)uLz(R) < 09,
and
(1.10) U e 5(c) — U0 strongly in L, (R) ase 0.

If uc 5y is the solution of (1.1), then
(1.11) Ue 5(e) —> u strongly in Lj, ([0,00) X R)  for every 1 < p < 4,

loc

where u is the unique Kruzkov entropy solution of (1.3) in L{S.([0,00); L*(R)).

2. PROOF OF THE L*-ESTIMATE

To prove the spacetime L* estimate, we use the following version of the one-dimensional inter-
action identity associated with the Varadhan interaction functional [Tar08, Chapter 22].

Lemma 2.1 (Interaction identity). Let A, B, D, E, P,Q € C*((0,T) x R). Suppose that

(2.1) A,DeC(0,T;L'(R)),  B,E,P,QeL'((0,T)xR),
that AE, BD € L'((0,T) x R), and that
(2.2) HA+0,B=P,  0,D+0,FE=Q

hold in D'((0,T) x R). Define
(2.3) I(t) = // At #)D(ty) dr

Then T € WHL(0,T) and, for almost every t € (0,T),

d
—7Z(t)= | (AE — BD)(t,z)dx
(2.4) d /R

+ // <y(P(t,:U)D(t,y) + A, 2)Q(t,y)) da dy.



Consequently,

/ ' / (AE — BD)da dt| < |Z(0)| + [Z(T)]
0 R

(2.5)
+ | D|| o0, 7:.1) | Pl Lt 0,1y xR)

+ 1Al L 0.7:20) [|Ql L1 (0,7) xR) -

For fields that are compactly supported in space, this is the interaction identity of Golse and
Perthame [GP13, Section 2]. In Lemma 2.1, the fields are only required to be integrable in space
rather than compactly supported, and the time interval is finite, so that the endpoint values Z(0)
and Z(T') appear in (2.5) instead of vanishing. The general case is reduced to the compactly sup-
ported one by truncation in space (the integrability assumptions (2.1) guarantee that the truncation
errors vanish in the limit).

With Lemma 2.1 at hand, we can prove Proposition 1.1.

Proof. Step 1. Localized balance laws. Set

x(z) =exp(l— 1+ 2?2).

Then
0<x<1l, xxXe€eLl*R), XI<x
and
inf
x>0

for every non-empty compact set K C R.
Define the conservative and quadratic-entropy fluxes by

2
u
£,0
FE,§ = D) - Eaa:us,é + 6Haﬂvus,6a
3
u
£,0
Gs’(s = 3 — Eus,gazu575 + 5u5757{81u575.

The equation in conservative form and the identity obtained by multiplying it by u. s are
8tua,6 + 690FE,6 =0,

2.6 u?
( ) O (;6> + ang7§ = —a(@xua}(g)Q + (589;115}57-[895%,5.

We localize only the first balance law. Indeed, ug s/2 is already integrable by the L?(R) en-
ergy estimate, whereas u. s need not belong to L'(R). Localizing the first law makes its density
integrable and already places one factor of x in the determinant.

Introduce

2
us,é

27

E= G8,57 P = X/FE,57 Q = _5(8mus,5)2 + 58951145,5%89;1145’5.
Here P is the error created by differentiating the spatial weight, while @ is the entropy-production
term. Thus (2.6) takes exactly the form required in Lemma 2.1:

QA+ 0,B=P,  O,D+0E=Q.

A:Xus,év B:XF8,§7 D=

Step 2. Uniform bounds required by the interaction estimate. The quantitative estimate in
Lemma 2.1 contains the time-endpoint values Z(0) and Z(7T) of the interaction functional, to-
gether with the L>°(0,T; L'(R)) norms of A, D and the L'((0,T) x R) norms of P,Q. We now
bound these quantities, uniformly in (g, §).

Multiplying the equation by u. s and integrating in x, the nonlinear term is a spatial derivative
and the viscous term gives the usual dissipation. Since u. 5 is real-valued, the skew-adjointness of
H gives

/ Ozte s HOzue s dz = 0,
R
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so the dispersive term does not contribute to the energy identity. Consequently,

t
(2.7) ||Ua,6(t)||iz(m) + 25/0 Haxua,é(S)H;(R) ds = ||uo.e, iz(Ry
Using also the L?(R)-isometry of H, we obtain
sup ”uEﬁ(t)”[ﬁ(R) <M,
0<t<T

(28) T ) T )
/ 10stte 6 (1|72 () dt :/ [HOwtte,s (E) || 72y dE < ——-

0 0

These estimates first control the two densities A and D. Indeed,

| 5

HA(t)HLl(]R) < ||XHL2(R) M, ||D(t)HL1(]R) <

Recall that the interaction functional in Lemma 2.1 is

() = // _ Aa)D() drdy

It follows that il
Xllz2(r
ZO)] < A 1oy 1 DO 1y < =5 M.
Thus the two time-endpoint values Z(0) and Z(7T') are uniformly bounded.
We next estimate the two right-hand sides P and @. For P, the quadratic part of F, s is
controlled using |x’| < 1 and the energy bound. The derivative terms are controlled using x’ €
L?(R), followed by Cauchy—Schwarz in time. This gives

1/2
9 /

™™ / 1/2 g 2
1Pl Lo,y xmy < 9 +elX 2@ T ; 102ue,s ()l 7,2 ) dt

. 1/2
01y T </ 170160 lz2e dt)

M2 MY T/ 5
< N X 2Ry (\@+ ) _
2 V2 Ve

Since 0 < & <1 and § < Ag, this gives
1Pl 0,1y < C(T5 A, M).
For Q, the L?(R)-isometry of H and (2.8) give

T
1Rl L (0.7 xm) §5/0 ||3rus,6(t)\|22(ma) dt
T
8 [ 100t )22y 10505y

T
:(5+§)/() Ha:cus,é(t)”iZ(R) dt

S#M?

Step 3. Verification of the remaining interaction hypotheses. The balance laws required by
Lemma 2.1 were established in Step 1, and Step 2 proved that

P,Q € L'((0,T) x R).
It remains to verify
ADeC(0,TEI'R),  B,EeL}((0,T)xR),

that
AE,BD € L*((0,T) x R),
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and that the six fields have the required C! regularity on (0,T’) x R. We verify these conditions in
this order.

Continuity of the densities. The continuity of u. s into L*(R) gives
A,D e C([0,T]; L*(R)).
More precisely,
1A®) = Al Lr gy < lxll 2 ry llue,s(t) = ues()l L2y »

while
1
| D(t) - D(S)”Ll(R) §§ (||u€75(t)HL2(]R) + ||U€75(5)||L2(R)) l[ue,s(t) — “675(5)”1;2([@) :

Fized-parameter integrability. The remaining conditions require only finiteness for each fixed pair
(e,9), not estimates uniform in those parameters. We may therefore use the assumed continuity
of u. s into H%(R) and the embedding H?(R) — L*°(R). In particular,

T
/ /X|u575|4dxdt§T sup [tte 5 (6)|[7 () SUP_ e 5 (8175 gy < 00
0 JR 0<t<T 0<t<T

Integrability of the fluzes. Using the definitions of B, F, the preceding fixed-parameter L (R)
bound, and (2.8), we find

T 2 2\ 1/2
T™ M
//|B|d:cdt§ +(5+5)||X||L2(R)T1/2<> < 00,
o Jr 2 2e

T 2 2\ 1/2
TM M
//|E|dxdt§ Sup_[te.s(t) gy + (2 + ) MT? () < .
o Jr 0<t<T

3 2e

Thus
B,E € L'((0,T) x R).

Integrability of the cross-products. From the definitions of A, B, D, F,
7 3e 36
|AE| + |BD| < x (12|u5,5|4 + 3|u575|2|8mu5,5| + 2|u8,5|2|7-lazu5,5> .

The fourth-power term is integrable by the fixed-parameter estimate above. The remaining terms
are integrable because

T
/ / Xt 512 (1Ostie ] + [HOpue g) dadlt
0 R

< sup ||U5,5(t)HLoo(R) MT'/?
0<t<T

. 1/2 - 1/2
« (/0 10tte 5Dl dt) +</0 1HOst1e 5 () dt) < x.

AE,BD € L*((0,T) x R).

Therefore

Interior regularity. Positive-time smoothing gives
A,B,D,E,P,Q € C'((0,T) x R).

Together with the balance laws from Step 1, the uniform L*((0,T") xR) bounds for P, Q from Step 2,
and the continuity and integrability properties verified above, this establishes every hypothesis of
Lemma 2.1.

We may now apply (2.5). The first two terms on its right-hand side are the time-endpoint values
Z(0) and Z(T); the remaining terms involve the localization error P and the entropy-production
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term ). Thus

T
/ /(AEfBD) de dt| <|Z(0)| + |Z(T)|
0o JR

+ su D(t P
(2.9) ogtgcr” ()HLl(R) | ||L1((O,T)><]R)

+ sup [[A®)| 2wy 1QNl L1 0,1y xR)
0<t<T
<C(T,A, M).

Step 4. The interaction determinant. We now compute the determinant whose integral is controlled
by (2.9):

U?,a
AE ~ BD = x | u=5Gep — 5" Fes

(2.10)

ué(; € o 0 9
=X 12 — 5@&6?581111575 + 51116757'[61“5’5 .

The fixed-parameter integrability established in Step 3 shows that every term in (2.10) is integrable.

Step 5. Control of the error terms and conclusion. For the viscous remainder, we use

1
u?)(;@xum; = gaw (ug’)é)

and integrate by parts so that the derivative falls on the weight. For each t € [0, 7], the inclusion
ue 5(t) € H*(R), together with the properties of y, implies

xug}é € Wl’l(R).

Hence its limits at both ends of R vanish, and the integration by parts produces no boundary term.
Using |x'| < x and the Cauchy—Schwarz inequality, we obtain

T T
/0 /qug’(;(’?zua’g dadt /0 ./RX/US’(; dadt

T 12 , o 1/2
(2.11) Sé </ /X|Ua,5|4 dmdt) (/ /X|u€752dxdt>

o Jr o Jr
1/2
MTV? T
(o a
o Jr

For the dispersive remainder, we use spacetime Cauchy—Schwarz. Since 0 < y < 1, the weighted
L2((0,T) x R) norm of Hd,u. s is controlled by the energy estimate. Hence

(2.12)
- 5 - 1/2 T 1/
/ /Xug sHOzue s drdt| <- / /X\u575|4dxdt / /X|H8wu5,5|2dxdt
o Jr ’ 2\Jo Jr o Jr

J
2
1/2
oM T
< ue 5|t da dt .
~20e (/0 /RX| d )

Substituting the determinant formula (2.10) into the interaction estimate (2.9), and then using
(2.11) and (2.12), gives

1/2
I 4 <5MT1/2 5M) r
— cs|tdadt < O(T, A, M) + + // coltdedt ] .
5| [ et dsde < oz o) ([ [ xluealtas

The parameter restriction is used once more here. Since 0 < ¢ <1 and § < Ag,
eMTY?  §M _ MTY? AM
+ < + .
6 2v/2¢ 6 2v2

€ _£
2 G

2




Up to modifying the constant C(T, A, M) > 0, we deduce that

T T
/ /X|u575|4dz dt < C(T,A, M) | 1+ / /X|us,5|4dxdt
0 R 0 R

Since X < C(1+ X'/2) implies X < 2C + C? for X > 0, we conclude, up once again to modifying
the constant, that

T
(2.13) / /X|u875|4dxdt§C(T,A,M).
0 R

In conclusion, using now that for every non-empty compact set K C R,

1/2

inf 0
nf x(z) >0,

we conclude that

/ / lue s|* dodt < —— / /X|u€5| dedt < C(T,K,A, M),
K

which proves (1.7). O
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