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LongCat-AudioDiT: High-Fidelity Diffusion Text-
to-Speech in the Waveform Latent Space
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Background: Latent Representations in DiT-NAR
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LongCat-AudioDiT Architecture
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Wav-VAE: Waveform Variational Autoencoder

AR =P i & 5| BiE X CLEAR: https://arxiv.org/pdf/2508.19098
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Wav-VAE: Waveform Variational Autoencoder
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def forward(self, audio: torch.Tensor) -> dict[str, torch.Tensor]:

latents = self.encoder(audio)
mean, scale_param = latents.chunk(2, dim=1)

stdev = F.softplus(scale_param) + le-4

z = torch.randn_like(mean) % stdev + mean

recon = self.decoder(z)
return {
"recon": recon,
“"mean'': mean,
"'stdev": stdev,
"latent": z,
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Wav-VAE: Training Objective
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DiT Backbone: Conditional Flow Matching
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DiT Network Architecture
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DiT Network Architecture
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DiT Network Architecture
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DiT Network Architecture
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Core Innovation: Training-Inference Mismatch
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Core Innovation: Training-Inference Mismatch
(2/2)
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Experiment CER (%) ]| SIM1T UTMOS{ DNSMOS t
LongCat-AudioDiT-1B 1.18 0.812 3.16 3.40
training-inference mismatch 1.21 0.769 2.83 3.34

w/0 APG 1.18 0.812 3.06 3.38




Core Innovation: Adaptive Projection Guidance
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Table 4 | Objective evaluation results of the ablation studies on noise-prompt dual masking and APG on the

Seed-ZH benchmark [Anastassiou et al., 2024]. Bold indicates the best score.

Experiment CER (%) | SIMt UTMOS+ DNSMOS 1
LongCat-AudioDiT-1B 1.18 0.812 3.16 3.40
training-inference mismatch 1.21 0.769 2.83 3.34
w/0 APG 1.18 0.812 3.06 3.38

a=4.0 (5|F3&E, 5 CFG tHF)
n=05 (HEIFEITHENRE)

— APG BRCHIRE MR, RARBMBAE

APG &%

R R AT AL R B 71 -

Mt = Zt‘l‘(]- —t)’Ut

4 APG BRI E|EZ1E?
APG EEX LB RES IR " EXES IS TNNENMER, AEBEXNERIERNTFIT/IE

RCIE

HE5ISKE:

%5

=
=

o EFAIHPHXTDHEES

#f Rectified Flow &1, ¥UEMMEE z;, ~ N(0, /) ;BEEREBin z; (clean latent), B{EBN:

zZi=(1-0- Z+t z

A RS, SEEE (velocity):

dzr
i=— =21—2

dt
DIT F&EF AR TR vy,

MIZEERIEFZT
EAYFIRE {ART 2, IMNERE v, B{A{GITREN clean sample Z;,

MEEARHE:

zZ=(1-0- z+t Zz

BAvi=2 -2, Fiblz =2 — v, flA:

Zi=(1 -l — v+ t-

M= Ze+(1-1)-

Ly TR ARAE M AN S AR B (it A clean sample Zj,

Apt = pe — py

DERNFITNERDE!

A tyt
A“ll - <(u‘:,u’i)>ﬂt

Apit = Apy — Ap

EEIEHITFITDE:

BRET[E)RE 154442 ODE Kfi%:

uiPC = g + oAt + Ay,
vAPG pete =z
t 1—t

ZMYM trick: $ATNE negative momentum

Apy < Ape + B - Apy

— Ap, —0.3-Ap?

= LEW

Apy

Z=2—-(1-Hw




Training Configuration & Data

L% €

o Wav-VAE: 200K /NEYHEIES, EMIFL 3T
o DIT B4/ ER: 10 A/NNHIES

e DT KIIELL: 100 H/NEHIIES

o RIEE 24kHz, ;AEHEIK 60 %) (TTS)

o JIGREIEXAH ASR IBRVER (FEATIARE)

RENIE SR ECE

e  Wav-VAE: 157M params, 32xH800, batch=384

e DiT-1B: 16xGPU, batch=256

e DiT-3.5B: 64xGPU, batch=1024

e AdamW (B,=0.9, ,=0.95), LR: 1e-4 — 1le-5 ZMET M
e 1K warmup steps, #I% 16 ¥ Euler ODE

©

ENFEFR
Wav-VAE £

e PESQ (BHIHREZE). STOl (AIfEE). UTMOS (B
RE)

TTS &% (Seed Benchmark)

CER/WER: FIIEE (Whisper / Paraformer (5

e SIM: WHIEAMIAE (cosine similarity of WavLM
embeddings)

e UTMOS: BZAE (neural MOS approximation)
e DNSMOS: EABEFFRE



Experiment: SOTA Results on Seed-TTS
Benchmark

Model ZH EN ZH-Hard

CER (%)) SIMT WER(%))] SIMT CER(%)] SIMt
GT 126 0.755 2.14 0.734
NAR Models
Seed-DiT [Anastassiou et al., 2024] 1.18 0.809 1.73 0.790 - -
MaskGCT [Wang et al., 2024] 2.27 0.774 2.62 0.714 10.27 0.748
E2 TTS [Eskimez et al., 2024b] 1.97 0.730 2.19 0.710 - -
F5 TTS [Chen et al., 2024a] 1.56 0.741 1.83 0.647 8.67 0.713
F5R-TTS [Sun et al., 2025] 1.37 0.754 - - 8.79 0.718
ZipVoice [Zhu et al., 2025] 1.40 0.751 1.64 0.668 - -
AR/Hybrid Models
Seed-ICL [Anastassiou et al., 2024] 1,12 0.796 2.25 0.762 7.59 0.776
SparkTTS [Wang et al., 2025] 1.20 0.672 1.98 0.584 - -
Qwen2.5-Omni [Xu et al., 2025] 1.70 0.752 2.72 0.632 7.97 0.747
CosyVoice [Du et al., 2024a] 3.63 0.723 4.29 0.609 1175 0.709
CosyVoice2 [Du et al., 2024b] 1.45 0.748 2.57 0.652 6.83 0.724
FireRedTTS-1S [Guo et al., 2025] 1.05 0.750 2.17 0.660 7.63 0.748
CosyVoice3-1.5B [Du et al., 2025] 1.12 0.781 2.21 0.720 5.83 0.758
IndexTTS2 [Zhou et al., 2025a] 1.03 0.765 2.23 0.706 758 0.755
DiTAR [Jia et al., 2025] 1.02 0.753 1.69 0.735 - -
MiniMax-Speech [Zhang et al., 2025] 0.99 0.799 1.90 0.738 - -
VoxCPM [Zhou et al., 2025b] 0.93 0.772 1.85 0.729 8.87 0.730
MOSS-TTS [SII-OpenMOSS, 2026] 1.20 0.788 1.85 0.734 - -
Qwen3-TTS [Hu et al., 2026] 1.22 0.770 1.23 0.717 6.76 0.748
CosyVoice3.5 0.87 0.797 1.57 0.738 5.71 0.786
LongCat-AudioDiT-1B 1.18 0.812 1.78 0.762 6.33 0.787
LongCat-AudioDiT-3.5B 1.09 0.818 1.50 0.786 6.04 0.797

[J e« LongCat-3.5B 7 Seed-ZH Rll#T SIM SOTA: 0.818 (vs Seed-DiT 0.809, +0.009)
e Seed-Hard SIM SOTA: 0.797 (vs Seed-ICL 0.776, +0.021), KI&EBEFFH AR/Hybrid #&H!
o LEBHFIE mel B BUEEL: vs F5TTS SIM 0.741 — 0.812 (+0.071), B 1IRIE Wav-VAE EIEERREXIRE
o TEERS/5R (CER1.09%), B&FNTF CosyVoice3.5 Hk#iZMEL)II4h+ A TIEM RS



Experiment: Wav-VAE Reconstruction Quality

Model N, FPS PESQt STOIt UTMOS 1
GT i - 4644 1.0 4.056

Discrete Codecs

DAC [Kumar et al., 2023]
Encodec [Défossez et al., 2022]
Vocos [Siuzdak, 2023]
WavTokenizer [Ji et al., 2024]
BigCodec [Xin et al., 2024]

Continuous VAEs
VibeVoice [Peng et al., 2025] 1 7.50 3.068 0.828 4.181

Ours Wav-VAE 7.81 3.089 0.963 4.116
Ours Wav-VAE 11.72  3.237 0.967 4.013

900 3.908 0.970 3.910
600 2.720 0.939 3.040
600 2.807  0.943 3.695
75 2.373 0.914 4.049
80 2.697  0.939 4.097

== 02 000

—

© Wav-VAE EERESH

o TEMRIEMIZR (11.72 FPS) F, PESQ 3.237 #1 STOI 0.967 B3 K ZHEH# codec

e #1HLL DAC (9 codebook, 900 FPS), Wav-VAE A 1/77 BIF5IKELIESH STO

o FHLLEZSES: VAE (VibeVoice) , PESQ +0.169, STOI +0.139, 7ERJLLMIR T LmE AT
o RPRBTTIESRITIBLLEE token ERANENERZREE LHRE



Ablation RQ1: Wav-VAE vs. Mel-VAE

BOMIE: Wav-VAE vs. Mel-VAE

Table 3 | Objective evaluation results of TTS models based on Wav-VAE and Mel-VAE on the Seed bench-
mark [Anastassiou et al., 2024]. Bold indicates the best score.

ZH EN ZH-Hard

TTS Latent Model  -pp (o) gIM+ WER (%), SIMt CER (%) SIM*t
Mel-VAE 129 0706 220 0714 770  0.696
Wav-VAE 118 0812 178 0762 633  0.787

e SIM M 0.706 EXF = 0.812 (+0.106), IZHIEHBEE
e CER M 1.29% (%%l 1.18%, WER M 2.20% (%%l 1.78%, AIEEMEEENE

RE

e Mel-VAE pipeline &, latent = mel — waveform FYZREX IR S R AR LXLAT (LEZBMUEE)
o INFTIEXHRIMRIZ: EIETE Wav-VAE BIERE R/ EBREENRE



Ablation RQ2: Dimension-Capacity Trade-off

EREWEIN: VAE E@@ﬂ}, TTS A—EUF _ Intelligibility s Similarity .
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. 0.950 1
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o BEAHFE (64—128—256) —EKIRF Wav-VAE B o L
RREE il 5=
. (EFIRAE TTS HER, SRERER 5 B R
o BNETTS BT 3.58, 128 474N 64 4
Latent dim Latent dim
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Ablation RQ2: Frame Rate Sweet Spot

MiZE Sweet Pot: VAE 1 TTS MRS EHE

SR EEEE 64, T {7.81, 11.72, 23.44} Hz

0O XRI 2: iZF3S VAE fl TTS R IEARE

o 1K FPS B9 VAE:
o FIEENBARAERMEY (2RFREMIKRE)
o {BHEMERE (BiMERX)
e KFPSHITTS: BAEGHHRER

o [EEA: DIT MLUEHEES IR
E—.I- ti EjJ 10N 2 1‘Z

EEF
2 latent FEZHY

BAE: 644 /11.72 Hz

1E VAE EEHM TTS £ Z BIES RETE

Intelligibility

~~o
~~
~

7.81

11.72

Naturalness

7.%31

11j72

Latent FPS

LongCat-AudioDiT — Waveform Latent Diffusion TTS

Similarity

T —- 0.790
11.72 23.44

Quality

11,72 2344

Latent FPS



Ablation RQ3:; Effectiveness of Inference

Techniques

Experiment

CER (%) ] SIM{ UTMOSt DNSMOS ¢

LongCat-AudioDiT-1B 1.18 0.812 3.16 3.40
training-inference mismatch 1.21 0.769 2.83 3.34
w/o0 APG 1.18 0.812 3.06 3.38

W2k - HEIEARILACRI Mo

e SIM:0.812 — 0.769 (-0.043)
e UTMOS: 3.16 — 2.83 (-0.33)
e DNSMOS: 3.40 — 3.34 (-0.06)

EREEE, BT RENEFENEESRNBRIE.

APG vs. i1/ CFG

e CER/SIM E21F¥F (1.18%/0.812)
e UTMOS: 3.06 — 3.16 (+0.10)
e DNSMOS: 3.38 — 3.40 (+0.02)

APG Al EEMMBME, EEXCER cFa Ziafdh

%, RAERFRE



Takeaways

1 Wav-VAE R4 {RIFIRH
e WTFEMNSERREREE/SREFNIZS, BiZH Wav-VAE E1E
o BMEARTELEI LongCat-AudioDiT, WAIEEZINE Mel B3 Wav-VAE

2 illlgk - HEEA AR RBYELE
o UHEEBMERNGE (BFET prompt KIHIERE), XFiH CFM-based TTS RYERER
o BAAT, BEWEBA (SIM+0.043)

3 APG &1{ CFG — 4ifiEehzh
o YR CFG FREMTIEM, HERI APG, BS54 a=4.0,n=0.5 AI{EAER

4 XHRREWNHRNRE & 64 26/ NT2HZ IR ESE
e raw word embedding + last hidden state #8/I17], TAKERERE
o %It audio VAE IAEEBIERSLE / B8R, TEEZ R NFEMERENEZERES

5 VAE EZE8EH5 DIiT &38R 2z i8lfY trade-off

6 REPAEETZIRS DIT REUTSRE



Limitations & Future Directions
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—  RLHF for TTS: EJ#—F & EEEER —  EIB/NNE: FEESHRERD 14 D

—  IAEFNRRAERSERES ZENAR/FE? — 5 ARERIEZES: Wav-VAE 1R AR EEINBHR



