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WE  (LEBEME AR ICE B A2 B3 S M0 R 22 Z A BRI OCZR o BRI IR ARS8 5 %) 28 A AR e 1 X St
Rl AR R A2 fi o )38 (transcranial electrical stimulation, tES), 3=\ [a] [R] 7K, R RERBLH AT Bt T 4
H SR AT . BRI, 2 isc i Bl (transcranial alternating current stimulation, tACS) J&T “ESkideds” ML,
T 3 DA A A SR A7 e N S8 R LS T 2 MR B VR B, DDA i (5 B A3 s i L FB Y% (transcranial
direct current stimulation, tDCS) T T HE 2l X 24w, [P MZAE AP 547 0 WA . SRR R,
TR AR A S UME T AT A R EPE L RAE A BRIAE R DL R iR 22 AR, A2 sE b s th 34528 Bl 3k
P NCGEVE R o BEIEGE S 2 RS et S B S BT R 2K, AR R AR ST . BECTNR 2,
AWM EINTTH . ARIHF N ) THESRNESEGR AL, 1R E 2t 2 Bl N Ay A 808, I BB AR AE 2L
B IR T BN ZUE BRI N FHFG A, B PRl 2o} 208 ) R SRA AT SR v T T 3T B B

X REMOR, HaEsh, MR, MREL, B
HESES Q344, B84s DOI: 10.3724/j.pibb.2025.0402 CSTR: 32369.14.pibb.20250402

N

HEEINENNISE LR ANLENR, T SR e ahiIksh R (B, AR EAR
MK SRR A B Mg HIRERY A ) L A 3R AR & HBh A B R OB &
LRI I (isolated brain) iz, #id5C%:  (epiphenomenon), {547 FibE T T8 T BIHE iy 3¢
T IS RB R ST s BT T UIRARIE.

BLdl . sk, B TS E s BA £ IR 5 FE MG 3% (multibrain stimulation, MBS) %
TS SASERAE , ORI R L sekt &kt ARBYHBUNA FOARTT 1BS L2 B my R AL
LR Z RGNS ANLE . maka A RO TRETRA L xR EER AR AL
(hyperscanning) A I & Al SR (L T W1 B M r % . A R Gn 28 i HL ) 3% (transcranial electrical
e A R % 2 M RE B (ks stimulation, tES) ) [Fl25H#E 2438 BAMKR I RF
TR, AEMELSRIG) . B EIRPC, IBEIE AR, kA
GRS SRR R, g 9 T RIIIIAOCR T, ARG I
VLT 2 BT R R BL R . kgpsg  RORRT BRRREVTSEE AR A0
SEBFSE 07, B[4 (inter-brain synchrony, (interventionist account of causation) ¢, FHAZ.[»
FEMIALE f B g 7R T BB R SRR, BRI « MR ARRIEIEE (62577047, 62207025), g R SA B
A2 H SR T LI 2 R4 0y e as i 81 A 55 9 T B 4 (226-2025-00127) HIHT VLA 119K BL 2% 3 4
AT, RHRIIGOR R b AT W™, e (SRO0 SUPIE:

B ATy 9 JER LR IBS. MELLRCEBHIE 1, 312205989, £t atengpnucduen

IBS St B Z AR R OCR P tk, IBS ik FI: 2025-09-09, $:3 H - 2025-12-10
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HALAY . AMEMERERE, BEST RS R Y (AR5
RS E ) KRG EMAE, HaXx— AR
ANZIRBH R B FEm, WA X2 Y iy R .
MBS A S Ff 5 4 o ) AH 7 A A, 30 0 0 B e S 1
P e s ph PR35 T REAILE,  1E— 25 Bl T fd b
IBS 4R sl N & 5 A B Rl . R, T MBS ()
JEH R ey o At 2 B S AT R R AT A RS S
iR A ETERG R MBS R4 B S5
H Sl [ R I R, IR AR A s B i
TSR, JHRHZE AR RIRR M S Ak &
Tl

| <=3

MBS # - i Novembre 55 7 [ F THE G F 48
mii T4 (joint finger-tapping task) 53, % b
58 B K R H & A2 i L M 3 (transcranial
alternating current stimulation, tACS) [A] #1459
AR e B B )2, 30 258Ul [] B 422114 20
Hz (BWLED) WP, BlAfeAT 55 mds R W 25
PR AT, HAREOV A T A B IBS A3 5
TEZFPEAER APERG R AR Y, (ES B Ak i
R %, FEETUTIEE: |, ES,
JEHIEACS,  RE#E ISR 55 AH 6 4 5 19 7 20K 1
PR G EL I, R T R G [ e 2 A
d O, I 4 S ) ¥ (transcranial magnetic
stimulation) 4542 A H A i 4k DL S 7 80 2 1 3L
e 2E g, LT AT PR M AR SEUE S IE . HAR, tES
IR TCEAEME RS, AT K R B DX A S84 22 B 3
T &5, SR, 5 TRy
fil A, AE T AE PRSI BB BT S S LAY
I SN U G N 1 61 2
(interbrain neurofeedback) 7N #% 4 A fie #f IBS 3 5%
PRRTEA SRR " SR, 5 PR E 8 o b
S ey 1 S =R AN E LN [P B S A N I 1 22 572
AR T AR A TR R, HOXTIBS 547 078
b 2z 18] PR AR 56 & 09 56 ik B A 7E E PR A A7 AR
%1‘/}( [10, 13-14]0
1.1 FEARER

tES J&— A Sk B AR bt s ra e, AR
AT IR KRG s AR . A i P
TE T HUI 283 s e VR T BRI DX, 385 o
22U LA B 2R R A, DT 5 M ot 25 I 5% (1)
Mgyt ST 2 AR R R O R IE RN ]
tES A ¥F — 2 4y N tACS. £ U A ik

(transcranial direct current stimulation, tDCS) Fl1£:
fiil fiE ML M 7S I 3% (transcranial random noise
stimulation, tRNS) =2 Hr  tACS fil
tDCS S& IR IR T-Be . tACS R
HIE 8% 22 i, HAZ AL Sy e iy 207
(entrainment effect) , RV & it i -5 P9 P b 22 9
ViR VCEC A MR LI, SRR B R ]
e, DA R R I B IR 5 1 D R g R
tDCS 38 33 BH AR 5 B A gt o 1 A9 AR 56 B8 BT HE
TSRt B R A o PR ORINAGH 33 FS A Al A5 AR i
PRZE TR L LA 5 H ARG X A 2% vt 5 AR D) ik
AR A SN R AT B Al X A gy 2
1.2 fER#HLH

BEAR B g, KNG o #fZ4R %  (neural
oscillation) MYAH{ AL LG BHEG, X —iffE
WK B N X & B A AR B R4 e a (neural
entrainment) ALl 2. BAKMIF, MR @ T
PAT PR R RER S A PRI, PR B A 3 (e ]
T 11120, 28 Iy IR SRR 1 A il (il
MNTHRHEGES Hii) 5 WNIERPERG = A8, I
Hanm L AR 20 tACS R R R
BOTET “Bdeir” (cross-brain entrainment) ,
RIS Z AR5 32 AH R 1 tACS I, AR
it AT R N R PR G ARG SRR, A2
JIC 5 e 28 4R 3 i P RIS T Lk, 3 R
Wi tACS BIWR 5 S50, 7T BRI 2 A H
Z M S SHE G o tDCS Y i AL 1 0 7 1
B E2ep VRS, SRR A (PR
EVSEE @ Ik DI A Rt 2 e e I R KR G EZY S S
AhEIRES . HHECCACS, tDCS AR A o s =X i
ST SR NN E S o1 1 B/ = R NI = R i E e s )
PR RIS E AT B
AEDCHR DX, (AN FARRLA S ar K, DRt 2
PRI 27 RO B B A 43 A S
S T SR, A A AR T A O G DX 1 2% g 7K 7 A 2
SN (1A F S A F RS UK i

DL EAEFIBLEI T S5 PR . — SRl il R ik
R A AR R A, IR & H SAH SR X
S i 0 [ PR o T MR S — B0 SR AL
i, ELEEAR IR R 2E s 52 I R 4 A
B I DIBRIRA, (B MR T 3 i Tl
PrEl. PIZEHLEIA W AT S, DRI ROR .
LR, AR ) S A &ML, (ESHE
B[] A — S F R, DAL B AR SR rh =
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SR A TG | R AR RN . YRR B 52
AHIFIA 3 00 CACS B, FELJE 174 o) B0 42 e 338 o AR 67
#H (phase resetting) &7 i 2 TCARRE B 4 A R I
() g 1, el AN ) A il g P 05 P i 37 6 TR 7 9
PR i) (1)1 E =4, 1) L1 N B2 N S - 1 e ) S
Dy, BT A2 I DX ey R AE AL, MBS AT
L A S T A O ER R, JE T AR
(awabin ALl | CIE 2 e S 1k e i I s S ]
MZOMAERYE: BRMZICRS (mirror neuron
system) FI.OF A48 (mentalizing system) o Hij 4
WNATE R E . TR /AN AR IX, HFEHT
“INFREEALL” (internal simulation) L] f# At s A 3
YERE P70 )5 Ha s A& v B2 2 BT
B IXAEX S, H SR O FRAR A R HERT 512>
s B B EVER, SRR At 2
H RPN 2SR . R IR X TR A
], AT LA e AT A 2 1 B v i e 2R
A&, Mt msh R
1.3 FARER

1 FIRAEFPLE B S35 T, MBX R B X 5
THBIER 5 S SRS AT 4
AR, MBS BA M EshyErE. mis 22
UL A AL s B B AR T A & AR R IBS B
%, & YT T E S, TR RN =z ]k
T2 Xl R 1 MBS WU RE A% 38 o
X H. 37 IBS /KB AR, #E— 20K IBS
SHSHIT AR ERCR, EnRe R
FrZE S TIRE R L, NI el A i [a] [/ 20
N B AT AR afe] A2 Ak 27 35k —HL i 2 ] A
AT R, MBS DI H A B 58 i [A] 25 28 P
FIE EZR ARG SRS, DA A
PRI T R, SR — S To ik B
P AR B P 2215 Bl R SE ARG OC R o 1T MBS A 7E
Z FARZ 0 S0 [FED T, I SEI 2
Bl B e AR 2 B AL B B R A, T
“IBS-#EosE B YPRIREE . LA, SHESZ N
P2 B LG, MBS BYHRF s 7 T H A A 38 i 37
% M U A SER RO IBS RS, 51
HAEATREIH . NIRRT A S g s LASC
BE, HARBUE R T 0 IR
oo 1M MBS W& —FhSMEE D L f o =X,
it fIT L O B R A P 2 TR AR L AR AR, MR
T E U R 52 o R L E B
MBS fg % 52 95 =G BE A I 2 4, IF A SCHERR

ISR SEEAEIRIE N R, ARl [ 22 1 i =
AL PR TR A

2 BRaRIEA A

BRI EY, 2 H MBS £ Ri% & 1BS 7T L)
HaomAt s UME . APRiE 54 2] ST EhAT R
(F 1) RIE A AT [F]EE I A2 B3l ) N TR 4
TR AINIE RS oA S IR B s A 571 % [
e, HERIEER, FEASESIEIE (FFEAME
RIS SRS ) 515 B (RN %
AT HAZBAE D) s WIRGE 2 W Kt & H5)
FE AR A, AR, 24
FEENRE e 2E > (AR AR A E B EE Tt
H1) o AN B3 22 5 A A 55 70 AN [R] Y 4125 05
o, A UMESRIASE AT R RIE, SNBSS
F 55 ABRIGE P K IMBFRIE S R,
AN R B4k AL 2 IS B N BRI IR
BSRFEAUE, NIFES R H IO, XSRS
ezl T MBS £ AR L HT R Z 1) 52 b5 1 FH 1 6 4k
RN A At S R G BRI G TR” [l
HE TR TR
21 HSHME

#H2E (social coordination) F&Wi-P~ak L I
AR R SR AL [E] B AR HEA T R PR T X
— RS S AN B AT A B BhASVLEL (AN
[F), B TR 2T R AR IBS ML

Novembre & 17 S XA ACS T AR, T 30%f
fat 5 B N 1Y 22 M iz 3l B2 )2 (left primary motor
cortex, 1-MI1) Jiii il p 4 B (20 Hz) Ay [A] A iz
(0°) EECAHLL (180°) M, JFEORFOLTE T
fRFP a5 . SRR, FEESVIGHE, [H
AT HE A ) ()20 2 0 k2 s Ll %4, i AR
4 Mo (10Hz) . & (2 Hz) AHECHIELH AR EH
SRS . X R B AR G [ AH o7 /) 26 FT fig i ik
iz shife & nph 2 72, AEgEMERUT SR
shla ., M2, Szymanski 55 B 7E 0 JiEL )
BRI 58 th S 8] TR 2SS . ZbFotis XL
ANZ#IEACSEA, LA EAE 5 1
F5 fm) % nf - (fronto-central, F4) 1 A ] Tt i
(parieto-central, P4) W-MXIX . SR, #F5% %
W, SERFAL, [FARORL AT R 2
FOM¥E I . WS E DN, X — 3G AT BRYR T 0 45 Bt
FEW PR R A AL 2NN T, EE AR
TIERITR S LI S51F5 %0 (530



"4 EMUFESEYYIRHR

Prog. Biochem. Biophys. XXXX; XX (XXO

K2 ZIa PP ReVL iR, S0 R8T IseR
Z R XM N, MBS [T A EAAL . By
B AR X AR

i netk ik 6% R (functional near-
infrared spectroscopy, fNIRS) AR, Lu% " %
5T SRS AR S UMER . BF5E A
B, XA % T 8] (right inferior frontal gyrus,
rIFG) Jiifin 20 Hz tACS 8Bk tDCS J& , #IXAT
R T, HATA#IT Y IBS 5 B 54155 3R
PREEIEARDC, Al AP R [ DX A 4 A i
LM EREAR, RV M A FE (neural
efficiency) #2Ft, HiZfatn 547 Wt K-V 2 UM
Koo (HARFERER R, IBS AU 7RI ES o) 5 T 45
Z—Brmfa], 1R 2 RCR A TR T
Wo ZREH S — P R, 5T,
HEZE 10 YR =0 i MBS REVS & TSR A MET T R 12
T, Hix BRRS 7E T8 il — i J5 ok i 3 >,
SR LA T AL B R TR PR AR X
A PR AT S5 AT A v [ 2Dt i A i, DA S s
PP SAL S AN ENG 3l 5 E MRTEAL 55T G
a1 )1 = R L RN B T Py N ]
X T 55 R A T YAk . WFSE 25 SR A
1B SR St A BN tDCS TE S A X K AT ks
B 28 B4R B T 5 TN T 70 S S it 9 HHE G tACS,
PEIRAN [ AR AR PT REARHS T T A B AL 5
R

B THRIGMIPERT R, WA T T gk
A VERME o Zheng 55 B0 B URERZ T 1 M 00t At
A 4E (social cooperation) W54 . %58 R H
[] 25 XU tDC'S HlPk 1 F. 30 & 7E R4 T INAE IR 5S4 55
B A A7 ) 3 T EE A X (right temporoparietal
junction, tTPJ). Z5HRH/R, [R]A: L 0 &g T
B 3 3 K A X -0 B2 B (temporoparietal
junction-temporal cortex) HIFHZE[REAE, it T &
YESmS (BAERGm, BHasb) JHET T SRS
Wt o
22 ABRigid

NF=75i#  (interpersonal communication) 5
. IEEAT S R G R 5 Ac s
BMh e ¥, Chen % ™ i IR tACS HiAR
vl y 3B (40 Hz) il (8] [ 25 78 #E & XF 5%
(conceptual alignment) H[VEH] . L5 2K A A
A o B R 45 45 0 3K (coordination semiotic
game) N ILELFESMGT RS, SR AB, R

Iy 5 MR & S5 0y A1 A, A2 T X (left
superior temporal gyrus, 1STG) Ky S fini (8] [7] 25
WE R TR, HIWD0E S5 R 2 A
Ko MHh, BFFTBE— 2R R AH AL tACS H 5
ISTG, A& IAT ST 20 1 ) 38 A 1 0 5 4 o, 3R
HH 3y A0 B 1] [R) A0 AT AR Sk . PRUER M Ak 2 e
ST S R . Ok [ TR — T BA Y Liu 55 2 0
R T Z EPE (shared intentionality, SI)
a1 iR A 1] [] 25 7K PG 2E 3 V) 38 3R G S R HIL T
TE VMR A7 S i ok b, s STZE 78 A5 st I (o]
(right superior temporal gyrus, rSTG) K fiKi (] [7]25
AV TSI AL, Hiz R K F-1E ST 143
HEBRPERIE ARt R o IR O R, 5T
it is AU tACS T1rSTG:  [RIAH 7 R T $2
TR ][] 20 7K I 4 v va e R M T SAE 5 3L
IS5 =38 0 ORHR . (AT AR, IOV ANAET
ARG WIIAEAE, RGEG ST ] [7] 25
KRR R TIH R . X —45 K], MBS
(1)~ PR BIL A 22 5 V838 ) B AS A M BOAHDL I,
3SR IBS ATREA B T “Hia” LSO HERIERY
T,

WA TR H DCS 92t MBS, #5755 IBS 7K -
5B R & e Gk P B AT A
R Vi) 30 9 A R RPN VRS B 8 L I v R K
(high-definition tDCS) 1 FH 1% 15 B4 A7 0] i 5 i
(right anterior temporal lobe, rATL). W55 %,
P H B R Ze P rATL 7E 47 FEAR SR ORT 22 A B
i =5 B PR iz B 2 2 (sensorimotor
cortex, SMC) M [F 2K, Ff 1 AL 1F
(emotional empathy) 7K. X ] G8 /2 i T X H.3)
XGRS AN AR T | K AR XS B il 7% 20 2% A
S EARME S W B S NMARIBS, AR, dEE
AT AAE IBS KPR Ak 5 A R AT ] 38 43 th A A
Ho Zi5RHER, MBS AT 38 i 99845 AR 1) 45 2 fing
XA EZESREE, R A2 AR, 48R T
IBS R0 192 905 54 (40 rATL-SMC i 7] 3 % £
SJEORIKALNE, MEHESNRAT )

2.3 #HEES

#2242 >) (social learning) J& 4§ 1~ 14 38 1 XL
g2, BHECE N, WAL IREBGE AR . H2Res
EVLR AR, HA B 1425 5 8l b i SEHE B
i 52 A YA Y, PanSE Y AE HAR BRSNS
B EIE T MBS XAt 2 ) YRR ESEAEHT . F
GER IR 20 tACS HE [ i 45 Ui A= TR 22 50 101 2 J2
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(left inferior frontal cortex, 1IFC) AY 0SB (6 Hz)
PRIRTGADI N T o LU0 SR Pt e et 2
FAES, IR E SRR A
MR, RN, 6 Hz [Al A0 W 48 T 172
2 H B H ME (intonation) FEILAIGA:[B] 7 & 130
YERIE, HiX—%0w BA A5 R 10
Hz 5 6 Hz AN RIS R 7= A AR . 164,
TRV S ERe s At — L4 7R, [FAE
PRI T IRAE T B B & BHRSIERIAE, ShfElR
HAE MBS X 27 2] R B S 400 Hh 2 5 T &R 43
e
24 HftE3)

BRATIR ST H S 280k FERR SR AR
NS 7 e S I P U N = = R R 1y B
Takeuchi & Terui “** WUPHFHE ARV IS T2 fioh
£L (social touch) |-, DIFGE HOE 5 BEFE Tl iy
ARV RCR o SCI OV B TR A (B
IR ) SRS T E CR b i) ,
I T A M B 9 9K IR R s f2 2 (primary
somatosensory cortex, S1) Jifa /il T 22 551k tACS
R SR, 10Hz [6] 25 XUlK tACS HIH TRy 5
PERGTR AR MR R A s R RO, AL A
PRI & B () = AR B s It TR R4 -
2.5 EH¥MEZF

MBS Y+ 2x B 3l i 2 BOCR B A B Y Fh I
W) H.5 (animal interaction) 48 20414 [6] 38 12
TG SR BT RT R AS AS o FE . HAZ.O
e s RIS . SRS . KBS R TIE
4 ) Yang 8 G OB L I & (wireless
optogenetic devices) 7E /Iy B N Ml A/ & i K2 2
(medial prefrontal cortex, mPFC) /55 1BS, L
BSUE T IBS X st 2 B 8l Sat S g i) DR R 4
YERT . S sen if To 4k (25305 22 5/ B mPFC #92%
wrtEMgTT, HFRIRNMEITTE SR, JE5%E
HAEFF A it sct T etk 782 HU/NRE 3)
(el Zp At 25, 5 Hz i mPFC [R5 B 2 34 /s
BAFER TN GRESWAR) 5 SRR 78
3HUNRE SR et o Ag 5 b, Blclm) 20 il
(5Hz) B9W H/NER S oh— /L (25 Hz) A
2t a3,
2.6 NG

SARRE, FT MBS S ME L HE S AN 2 (7]
PEEPE (RPIBS), 78255 g A 2 F4t

SPEYIR (B4 ARSI 11k A, G
FELA AT s DhRemy [R5k o ARG I RAEAELL T
HEJG/R: a. MBS I THURCR B AR B . #EIX
Wi AN SESERR E M (XS5 B
M), PRt MBS A MR RS AR SOR A 5
fE; b. MBS AT B K 1 IBS AT il 8, H5h
Ji B IBS UNATy AT e 2 — Bt ], — 20 A 52 Al
RARDFX ] S P22 R 5 ¢ MBS X 4h2x
TR A — R AL T HUE B, AIREEE T
e[RRI 2 H.E)

AN, MBS EHF9E 72— R I I 5L I 454
DI TR IBS ZKF- A2 A At s B s AT BUE 1Y
SHEWT A AR, Horr, SRR A SR B
SRR SRAHERT R OGRS o 38 LS A 4
X RA (andesz Bo . Rk BARSBolE, o[
WARMMIRE R B 3)) TR AEIE, AT
AR B AR B 5 R IBS 224k, MM
SAL SRR BRSO, KBRS A
IR R SR T i S AR, i, SR DL ghidy
J7 FEAE A (bayesian structural equation modeling)
LA, AT NERHE 2 T A T LI IBS
A1 R Z [a] R R DG 2R B B 5 7 )k o

ERRS Y, MBS 89K E % & X T
PO ) S BLUA St 25 BB pL I A 3L 2R OC HE 2
H6, MR RERN T B stk T
RYFTAASE H AZ O R DD RER B o il 0 431 Bt
(4~8 Hz) £ ¥ K Wr ok kb 3 R0 27 ) 45 0 0 &k
it s AR R A ) SRR R T S SN o
() 4t 2% .2 I ) 75 2R 2 ROZ O B s HK,
MBS A FR  (fF H tACS FIFKAT) IR HA7 e
ER o M B U 30458 7 (communication
through coherence, CTC) i, #i&4Ry HIAHNL
— B T B A5 S48 B P g
tACS RE8 A R B N IR AR 3 AL LA SE 4t 25 6
TR HIERMA (0°) B, BER LI
i BAL IO, B AR TS RIS
R, RIS B ERCR . MR, B AN
(180°) W T-Hef5 B ALl fE, K IBS KT Y
RAE R R S5 eJn, R ARIEA A2 H
BRI IE K O EH R DR 28719 o, B0 P SRR
X 5SHE, PASCBI R AL S A HIHL ] R
TS AL R A
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Tablel An overview of multibrain stimulation research

Rl BRIMTAR R

A, LA T B AT Wk I X WiBYHz  B% R
ML ME ONE = G e tACS / 60 (30%f) 1-M1 20. 10. 2 L7l
BN HTHAT % tACS / 76 (38%) F4/P4 5.6, 7 (4]
BN [F AL BT 55 tES fNIRS 124 (62%) tIFG 20 27]
[N GE R B 4F 45 tDCS fNIRS 162 (81%) TPJ \ £36]
A 4% AT 45 AU T RAT I RR tACS+DCS fNIRS 272 (136%) tIFG 20 0331
T Ui R tACS / 54 Q7D ISTG 40 (s8]
YNURapi] RS RERLap b4 tACS / 140 (7051 1STG 40 [39]
H SR AT 55 tDCS fNIRS 60 (30X rATL \ [2s]
thexs] it 2 ST tACS / 28 (24%h) 1IFC 6. 10 Lat]
Fhox il A AT 55 tACS / 32 (163 C4 10 L2
Y EE) tox T HURLFAT 55 P pin i e / 98 mPFC 5,25 L]

1=/ r=F; 1-M1: ZRgia s )2 (left primary motor cortex) ; F4/P4: Z:[810-203k B A E N RS0, HAF4A NI JX (fronto-cen-

tral); PANTHH X (parieto-central )

; rTPI: ZEMERTGER A X (right temporoparietal junction); rIFG: 45 {li%i R [A] (right inferior frontal

gyrus); 1STG: ZEflii [-[n] (left superior temporal gyrus); rSTG: A7fillii [-[1] (right superior temporal gyrus); rATL: A7 UFT#iRt (right
anterior temporal lobe) ; 1IFC: ZE4i F )2 (left inferior frontal cortex); S1: MK )2 (primary somatosensory cortex); mPFC:

WIEGA B2 (medial prefrontal cortex) .

3 BRI S BRSNS

MBS fig il it ] s Pk (Hs) R/l
A S BB O X RN IBS K-, st &
T, SR, HEARSZ AR AT . ST
A SUER R, FATIA N MBS P84 /Y IBS 0] AE il
i 5 B8l # B9 B F A (co-representation) 7K
Vo AWt L, BAKI S, RS
TEH SRR, MERITEAT REIE . IARIRZS I
TR I 45 2 T B SIE T HERF ) —FP X RS . B
FFAEAMATEARST IR M 37 27 2T ) 375 6 506t [R]
— AT RO, e —FMRIERE S S G
XS [11) S s 38 365 17T AN BT B A i 22 55 o SR G i
AL S H AR S D FREE, W
Shy PSR G )2 1T A P R AIL A B A1 1 R A
Ak, g LR BTkt S HESE R
By PR e . e B e T B[R AR

O “RAEME” ), i EFRAE AL T S i
HAR I 22N EEX 5 ( “afrpE” ), A
M = p A S Mg L iz ie . #—2
b, U BRI RE T A AU AR HE T A IR
A Fg AL R AP T HEA; WA B 4 i IBS B
A BIASFAERT 5, WIFR &S XA RN GE ST
DAL R M R T RE . 0 45 SCHR v R 3
TERAE (shared representation) — i) 2% % P&

TEWR_EIFTCA TR IX ], ASCHRAME ™ 481X 53 4%
MRIENAS AT, FeFEZFRAE TR 478 . A
5FR A2

FEATRIZM, AMETT R 51t 4 0 5 B%OCEk,
MEMRIE . FIBFAT HAMURS Rt B R
M, BRAEEESEm N EZEIERRE ., MBS
LR IBS K, RRUSZ M MAEA S BT E
TR, BEMSUE LS. TR0, MBS
43 9 8] #5285 & 6 iz B XF 5% (sensorimotor
alignment) 5 A Br iz 8 [7] & ¥ (interpersonal
movement synchrony) 517 hF5b5, fEdE 74L&
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Fig.1 Potential mechanisms of multibrain stimulation in modulating social interaction
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Abstract Deciphering how the brain enables humans to interact, coordinate, and learn from one another remains
one of the most compelling challenges in contemporary cognitive neuroscience. Social interaction is a dynamic,
reciprocal process. Over the past decade, hyperscanning research has consistently identified Inter-Brain
Synchronization (IBS) as a neural signature accompanying successful cooperation, communication, joint
attention, and social learning. However, the correlational nature of these findings leaves a critical question
unresolved: Does IBS cause better social interaction, or does it merely reflect it? While traditional hyperscanning
paradigms are powerful in revealing inter-brain neural dynamics "in the wild, " they cannot on their own
determine the direction of causality. This gap has motivated the emergence of Multibrain Stimulation (MBS)—a
new generation of causal inference tools designed to actively manipulate neural coupling across individuals. MBS
leverages non-invasive transcranial electrical stimulation (tES) to modulate neural activity simultaneously in two
or more interacting brains. Unlike conventional tES applied to a single individual, MBS employs coordinated

stimulation parameters, such as synchronized waveforms or matched frequencies, to directly perturb the neural
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mechanisms underlying social interaction. By providing an exogenous, precisely controlled intervention on IBS,
MBS satisfies interventionist criteria for establishing causal relationships: researchers can test whether modifying
inter-brain synchrony leads to predictable changes in behavior, communication, or shared understanding. This
capability represents a fundamental methodological shift, transforming interpersonal neuroscience from a largely
descriptive discipline into one capable of mechanistic inquiry. The biophysical underpinnings of MBS vary
depending on the specific modality used. Transcranial alternating current stimulation (tACS) functions through
cross-brain entrainment: when two individuals receive oscillatory currents matched in frequency and phase (e.g.,
theta-, beta-, or gamma-band stimulation), their endogenous neural rhythms tend to align with the exogenous
signal and, consequently, with each other. This alignment effectively instantiates principles of the Communication
Through Coherence (CTC) framework, which posits that coherent oscillations optimize information exchange by
synchronizing periods of excitability across neural populations. Meanwhile, transcranial direct current stimulation
(tDCS) exerts its influence by altering the excitability of targeted cortical regions in a polarity-dependent manner,
thereby tuning the computational readiness of social-cognitive hubs such as the temporoparietal junction, superior
temporal cortex, or inferior frontal gyrus. A growing body of empirical evidence demonstrates that such
manipulations yield robust behavioral effects. In joint motor tasks, in-phase tACS enhances interpersonal
coordination by aligning motor preparation dynamics, reducing temporal variability, and enabling individuals to
anticipate each other's actions more effectively. In communication and social learning contexts, MBS targeting
high-order integrative regions promotes conceptual alignment, accelerates knowledge transfer, and supports more
efficient encoding of shared representations. Notably, the effects of MBS often persist beyond the stimulation
period, suggesting short-term plasticity in cross-brain networks. Post-stimulation improvements in
synchronization and coordination indicate that MBS may temporarily recalibrate the neural architecture
underlying social interaction. However, these benefits exhibit strong parameter specificity—precise phase
relationships (e. g., 0° in-phase versus 180° anti-phase) and frequency matching are essential for generating
reliable behavioral outcomes. Taken together, MBS represents a transformative step toward establishing the causal
principles of human sociality and offers a new avenue for probing how multiple brains become functionally

aligned during interaction.

Key words multibrain  stimulation, social interaction, transcranial electrical stimulation, inter-brain
synchronization, hyperscanning
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