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I will report the results of ultrafast magnetic Bragg Coherent Diffraction Imaging (BCDI) 
experiments carried out on the MID instrument of the European X-ray Free Electron Laser 
(XFEL) facility earlier this year. We previously demonstrated magnetic BCDI on Sr2IrO4 
samples prepared in block shapes by Focussed Ion Beam (FIB) methods [1]. Below its ordering 
phase transition at T=230K, Sr2IrO4 is antiferromagnetic (AFM) with a tetragonal structure [2]. 
The AFM structure breaks the 4-fold symmetry leading to 90° magnetic twin domains with a 
slight orthorhombic distortion. In the previous magnetic BCDI work, a single magnetic domain 
was found to fill the FIB block of 1.2x1.2x1.2 microns, as shown in the figure below [1], while 
scanning X-ray nanoprobe diffraction found side-by-side domains of both orientations up to 
100 microns in size. In our XFEL experiment at MID, we located an isolated cluster of magnetic 
domains within a large single crystal while measuring the 106 magnetic diffraction peak on the 
Jungfrau detector on resonance at the Ir L3 edge at 11.215 keV. This pattern was reconstructed 
using standard BCDI iterative phasing methods [3] to reveal an array of antiphase domains in 
real space. Upon laser excitation, the diffraction pattern was found to change significantly 
within the first picosecond and relax more slowly back to the original configuration, as seen in 
the two-time correlation function. A model of four phase domains was used to fit the data and 
image the time dependence as a movie. Interestingly, the AFM domains were found to move 
together and apart upon excitation without much change of their relative phase. This suggests 
a model where laser-generated free electrons interact preferentially with the AFM domain walls 
in the system. 
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EHF- 3- %](fl%b( @mshedqqnl]fmdshb cnl]hm nas]hmdc ]s S+ 01/*
03/* ]mc 05/ J* qdrodbshudkx- %c( @mshedqqnl]fmdshb cnl]hm ]s S+
03/ J ]esdq sgd sgdql]k bxbkhmf- Sq]mrktbdms hl]fdr ne sgd bqxrs]k
eqnl sgd %005( od]j ]mc hrnrtqe]bd hl]fdr eqnl sgd ]mshedqqnl]f,
mdshb %0/5( od]j ]qd rtodqhlonrdc- %d(fl%g( Bnqqdronmchmf bdmsdq
rkhbd ne %](fl%b(- Gdqd* sgd ak]bj khmdr rgnv sgd oqn“kd ne sgd Rq1HqN3
bqxrs]k- Sgd ]mshedqqnl]fmdshb hl]fdr vdqd bnmsntqdc ]s 14 ne sgd
l]whltl ]lokhstcd ]mc bnknqdc ]bbnqchmf sn sgd hl]fd og]rd ]s sgd
rtqe]bd-

cheeq]bshnm o]ssdqmr b]m ad hmudqsdc trhmf sgd og]rd qdsqhdu]k
ldsgnc Z24*25[- Ehftqdr 3%](fl3%b( rgnv sgd bnqqdronmchmf
qdbnmrsqtbsdc qdrtksr trhmf sgd bngdqdms cheeq]bshnm c]s]
eqnl Ehfr- 1 ]mc 2- Ld]mvghkd* Ehfr- 3%d(fl3%g( oqdrdms sgd
bnqqdronmchmf bdmsq]k rkhbd ne Ehfr- 3%](fl3%b(- @r oqdrdmsdc
hm Ehf- 3* sgd sq]mrktbdms hrnrtqe]bd hr nas]hmdc eqnl sgd
%005( od]j ]s qnnl sdlodq]stqd* vghkd sgd hmrhcd rgnvr sgd
bnqqdronmchmf ]mshedqqnl]fmdshb cnl]hm ]s sgd cheedqdms sdl,
odq]stqdr- Bnlo]qdc vhsg sgd rb]mmhmf dkdbsqnm lhbqnrbnod
hl]fd hm Ehf- 0* sgd lhrrhmf o]qs adknv sgd anssnl bnqmdq ne
sgd qdbnmrsqtbshnm ne sgd Rq1HqN3 bqxrs]k* ]r hmchb]sdc ax sgd
ak]bj ]qqnv hm Ehf- 3%](* hr oqna]akx ctd sn sgd r]lokd c]l]fd
hmctbdc ax sgd EHA lhkkhmf oqnbdrr Z30*31[- @krn* sghr qdfhnm
ne sgd bqxrs]k hr entmc sn bnms]hm rhfmh“b]ms rsq]hm* hmchb]sdc
ax rsqnmf og]rd u]ktdr hm sgd bnlokdw hl]fd* hmsdqoqdsdc ]r
] oqnidbshnm ne sgd k]sshbd chrok]bdldms nmsn sgd %005( ld],
rtqdldms M udbsnq Z14[- Sghr ]mc rhlhk]q adg]uhnq bnm“qldc
eqnl ]mnsgdq Rq1HqN3 bqxrs]k %◦0�1 …l hm rhyd( oqdo]qdc ax
sgd r]ld EHA khes,nts ldsgnc ]qd rgnvm hm sgd Rtookdldms]k

L]sdqh]k Z20[- @r sgd sdlodq]stqd hmbqd]rdr eqnl 01/ sn
05/ J* sgd ]mshedqqnl]fmdshb cnl]hm rgnvr ]m ]mhrnsqnohb
bg]mfd- Drodbh]kkx rs]qshmf eqnl sgd sno bnqmdq ne sgd bqxrs]k
]knmf sgd b,]whr chqdbshnm* sgd rhyd ne sgd ]mshedqqnl]fmdshb
cnl]hm cdbqd]rdr ltbg lnqd sg]m hm nsgdq chqdbshnmr-
@cchshnm]kkx* sgd nardqudc ]mshedqqnl]fmdshb cnl]hmr cn
mns nbbtox sgd dmshqd unktld ne sgd Rq1HqN3 bqxrs]k* ]r
rgnvm hm Ehf- 3%](* lnrs mns]akx hm sgd b,]whr chqdbshnm*
]krn rddm hm S]akd H- Hs hr onrrhakd sg]s sgdrd dlosx
qdfhnmr ]qd “kkdc vhsg sgd nsgdq ]mshedqqnl]fmdshb cnl]hm
nqhdms]shnmr* vghbg v]r mns onrrhakd sn cdsdbs trhmf sgd
%/05( od]j* ctd sn sgd khlhsdc hm,ok]md qns]shnm ]mfkd q]mfd
ne sgd LLQ rs]fd- Sgdqdenqd* vd sqhdc sn ld]rtqd sgd
]mshedqqnl]fmdshb %0/7( od]j ne sghr bqxrs]k ats bntkc mns
“mc ]mx l]fmdshb rhfm]k* hmchb]shmf sg]s hm sgdrd qdfhnmr
sgd cnl]hmr vhsg ]mshedqqnl]fmdshb rohm bnlonmdmsr ]knmf
sgd nsgdq chqdbshnm ]qd snn rl]kk sn ad cdsdbsdc nq sgdx cn
mns dwhrs- Nm ] k]qfdq Rq1HqN3 r]lokd %◦7 …l hm rhyd(* hs
v]r bgdbjdc sg]s vgdm sgd %0/5( od]j ]ood]qr* sgd %0/7(
od]j ne sgd nsgdq cnl]hm ]krn ]ood]qr %rdd sgd Rtookdldms]k
L]sdqh]k Z20[(- Sgtr* ]r rgnvm hm Ehf- 3%](* sgd chr]ood]q]mbd
ne sgd ]mshedqqnl]fmdshb cnl]hm hm sgd dlosx qdfhnm hr
onrrhakx qdk]sdc sn sgd rsqnmf qdrhct]k rsq]hm hmctbdc ax sgd
EHA lhkkhmf oqnbdrr* vgdqd sgd ]mshedqqnl]fmdshb cnl]hmr
adbnld nqhdms]shnm]kkx ohmmdc ]knmf sgd a ]whr* vghbg
b]mmns ad qd]bgdc- @mnsgdq onrrhahkhsx hr sg]s sgd rsqnmf
rsq]hm hmctbdc ax sgd EHA lhkkhmf ]mc Os,vdkchmf oqnbdrr
rtooqdrrdr sgd enql]shnm ne sgd ]mshedqqnl]fmdshb cnl]hm
]r ] k]qfd rsq]hm hr enqldc ]s sgd anssnl bnqmdq ne sgd
Rq1HqN3 bqxrs]k- Ld]mvghkd* ] vd]j rsq]hm hr ]krn nardqudc
hmrhcd sgd ]mshedqqnl]fmdshb cnl]hmr* ]r rgnvm hm Ehf- 3-
Vghkd sgd rhmfkd ]mshedqqnl]fmdshb cnl]hm ]klnrs “kkr sgd
bqxrs]k hm sgd Y, ]mc a,]whr chqdbshnmr* sgdqd hr ] mdfkhfhakd
lnqognknfhb]k bg]mfd enq sgd cnl]hm md]q sgd anssnl bnqmdq
ne sgd bqxrs]k vgdm bg]mfhmf sgd sdlodq]stqd eqnl 01/ sn 05/
J- @v]x eqnl sgd anssnl bnqmdq ne sgd Rq1HqN3 bqxrs]k* sgd
rgnqsdmhmf ne sgd cnl]hm rhyd rs]qshmf eqnl sgd sno bnqmdq ne
sgd bqxrs]k ]knmf sgd b,]whr chqdbshnm hr lnrs oqna]akx ctd
sn sgd qdk]shudkx vd]jdq nts,ne,ok]md rohm,rohm hmsdq]bshnm
bnlo]qdc sn sgd hm,ok]md hmsdq]bshnm ]mc hmsqhmrhb sn sgd
hqhc]sd bnlontmc* ats l]x ]krn ad b]trdc ax sgd hmsdq]bshnm
eqnl sgd rl]kk cnl]hmr ]s sgd sno bnqmdq* he dwhrshmf-
Hs hr g]qc sn jmnv sgd dw]bs knb]shnmr ne sgd ]mshedqqnl]f,

mdshb cnl]hm hm sgd gnrs Rq1HqN3 bqxrs]k hm Ehf- 3* rhmbd sgd
svn hl]fdr bnld eqnl hmcdodmcdms ld]rtqdldmsr- Hm sgd
Y, ]mc a,]whr chqdbshnmr* sgd knb]shnm hr rsqnmfkx bnmrsq]hmdc
ax fdnldsqx- Ats hm sgd b,]whr chqdbshnm* sgdqd hr tmbdqs]hmsx
hm ansg sgd knb]shnm ]mc gnv hs bg]mfdr vhsg sdlodq]stqd- Sgd
onrhshnm hr khjdkx sn ad ohmmdc ax sgd rsq]hm “dkcr hmsqnctbdc ax
sgd EHA lhkkhmf oqnbdrr- Vd dwoknqdc sgd ohmmhmf deedbs nm sgd
]mshedqqnl]fmdshb cnl]hm hmrhcd sgd Rq1HqN3 r]lokd sgqntfg
sgdql]k bxbkhmf dwodqhldmsr- @r rddm hm Ehf- 3%c(* nmkx nmd
]mshedqqnl]fmdshb cnl]hm hr enqldc ]esdq sgdql]k bxbkhmf* ats
hsr rg]od ]ood]qr sn ad rkhfgskx qd]qq]mfdc* vghbg rtffdrsr sg]s
sgd ]mshedqqnl]fmdshb cnl]hm hr ohmmdc sn rsqtbstq]k cdedbsr
hm sgd bqxrs]k- Gnvdudq* sghr bntkc ad ctd sn bnlodshshnm
adsvddm ltkshokd svhm cnl]hmr* qdrtkshmf hm cheedqdms oqn“kdr
ne sgd uhrhakd ]mshedqqnl]fmdshb cnl]hm-
Ctd sn sgd hmrs]ahkhsx ne sgdLLQ rs]fd ]mc sgd khlhsdc fitw

ne sgd sghqc,fdmdq]shnm bngdqdms w,q]x ad]l* vd bnmrhcdq sgd
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