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Abstract: The NLTS (No Low-Energy Trivial State) conjecture of Freedman and Hastings [2014] posits that there exist families of Hamiltonians
with all low energy states of non-trivial complexity (with complexity measured by the quantum circuit depth preparing the state). Our recent work
https://arxiv.org/abs/2206.13228 (with Nikolas Breuckmann and Chinmay Nirkhe) proves this conjecture by showing that the recently discovered
families of constant-rate and linear-distance QLDPC codes correspond to NLTS local Hamiltonians. This talk will provide background on the
conjecture, its relevance to quantum many-body physics and quantum complexity theory, and touch upon the proof techniques.

Zoom link: https://pitp.zoom.us/j/94224635225?pwd=SUovNXA3MWIKRUJICTIxV OpL QzQxdz09

Pirsa: 22090094 Page 1/23



11:04 AM  Wed Sep 28 [ ® EEWA

: @

:

Anurag Anshu

MLFTS Ha wu Lo amg jt(trw\ jgeoq Wﬂﬂﬁ"""‘
Coo[ﬂo

11 o a AN \

(jgl‘r\:ﬁ_ wrtin N.'f<nfa£ B’fﬁmcjamanr\ [ CI’\”"'*"‘M;? jUzrkL\{)

Y d

U‘EL - U P_}“@-‘S'Tl'n [ Um\’: flay Eg 'lU‘j 2 | Bﬂ/}

Pirsa: 22090094

Page 2/23



11:05 AM  Wed Sep 28 @ = 90% .-

v @

< >
LD-’_‘H-L Ho i (o naews

s R ou .3 & ,:

[
n ?;L,LL-:]L-*I‘E.
: €- sy Ir o
g tals e [ - S'towre)l stal2
+

& "

Maa“fudﬁ'»’ﬁ guattion 1 gre Hne Simple
statey)

(a-..J rewne \’5. Y

Pirsa: 22090094 Page 3/23



11:09 AM  Wed Sep 28 @ = o mm

v @
< ;
Lpe &L ]’{.om.&t*qv nA WS Anurag nshtik |
sl fesms
o " /7
E H.: & :
&
[
n?;kbalvi%.

=3 S'towrwl S"fa:m

\ Il

(D-.,J rewne \’5. Y

Pirsa: 22090094 Page 4/23



11:10 AM  Wed Sep 28 P = 0w mm-

o =Y
< >
gw‘mpl& {EHJ Eh("‘jj S'h*%ﬂt-? AnwaAnshu
.De[jevw,s’ N nahpn af 5,‘,,\\')&'{,&43,
E‘.{cmffﬂf nza (ow hehanour /-mef netLovk Djt

& rP'L‘j(“T' ba%ﬂl dom.

K

+

Nat S"“‘f{ﬂ enugh  locad a;rloecﬂ'affm value  havol d5 C@Wf?&ii
bejﬁnd’ iD.

Pirsa: 22090094 Page 5/23



11:12 AM  Wed Sep 28 @ = 0% mm

v £y
< >
g"‘""(‘l& (o erex gy g'hﬂf&fx_? m.ragAnshu
.De[)evwﬂs N nahpn of 5,‘,,\\'3&{,&4:;,
Excmfﬂz.’ area (ew hehawour [ fengr network ojt

& rP'Lj("‘n:' bh‘*ﬂl doem.

[

+

Mot S"“‘f&i enugh © locad e}rloec}!'qffm value haowol d5 C@W(?&i?&
bejﬁna, lD.

Pirsa: 22090094

Page 6/23



11:12 AM  Wed Sep 28 @Ep = s I

v )

¢ >
Even (‘3"*{31@{ fou'ng ctats 7
St+ate ’P’f‘ff’“mﬂﬂ L-V:[ ConsTovck j{P"HA guomtian  caYuuits

s + Loty it Sn—\yu .ng'Qbee_e;( §enk

o e R, deen

Pirsa: 22090094

Anurag Anshu

Page 7/23



11:16 AM Wed Sep 28 P = csvmm

W )

< =

E\j(fﬂ!\ L 2. {0 1}

3""‘13'@' [pu mmﬁ/“ffjj stats Anurag Anshu

State prepaned by conctuct Jepth quondurn  cavudits
i » g,-i—cﬁ—q Mn]"],\_ qu_/u g‘f'qbl‘bz_e_;( ‘ﬁrﬁ'r’\i!.

— — R.4aen
o i R &

.I(—H-?

Pirsa: 22090094

Page 8/23



11:15 AM  Wed Sep 28

v
¢ ;
No ILGU‘G\'\C"fﬂj FT"“UTUL g+ﬂb? [”Nﬂt?du-’f. Anurag Anshu
fﬁw_fﬂma‘n-— |~{5ngqu ‘E,DH_J
o, oS
; Je 4 fH} such Fd ol €-eneqgy sty how
b gk ciowit deptn SL(Gghsn).
[
+

Acfﬂ ( > )

Pirsa: 22090094 Page 9/23



11:20 AM  Wed Sep 28 P = s mm

v =Y
< >
[/Jlﬂj Cz/{;ﬁnal'unm 0sY cand a{ep’ﬁf\/} Anurag Anshu

s’ + b : | _ 5 = _.
e .. _[F (‘”"1"’“17"*OL = ta Hane |

| ol I con be compuliol
) g e

v~ O(n 2 ) Hone.

o ~ PDLJ [nj {j- 4= O(IISJT\‘\)

~ TF MLTS is falie 2 Quentar- PCP conTectwre s fulce
( Ascumivg QMA £ M)

Pirsa: 22090094 Page 10/23



T:24 AM Wed Sep 28

v

Pirsa: 22090094

Han'n YeSuld

— ._-_'____/_.
g

Anurag Anshu

Page 11/23



11:27 AM  Wed Sep 28 @cP = 6w mm

v T
£ ;l.'.:? >
Main Nesult
l"
” _
K I7 '

T

Pirsa: 22090094 Page 12/23



11:28 AM  Wed Sep 28

v

Key &%a{a_@

¢, - S‘l"“lﬁ(‘/’-(/‘l”(&f n}f eq)?wﬂxpmaﬁt{

4 H
s ik 1

o cowey | |

K e ——

— Main megggjej eT\PGﬂQ{Dﬂ -:> Q'ug’h’hnﬂ
o _"{'9 Civenit (ow 2 b“‘“\ﬂf}l based on 'ﬂb?}i-f_ﬂal “'j—
o»d'f’uj— ola's i bbbt
' ' s preast
— Unﬂ.{'{fi_ﬂv;ﬂJ‘j z@rl'nu[ﬂﬂ_ +to f"’\qlﬂ“z g}‘m
4 |P-SP[MFJ Lj [Z € Lox ~ Henvow 2016,

i -[{t.:] i ferente © we need o‘uJ['l wale afaw,g.nhmcwﬂ&

Csee alse  A., Nivkhe 2007 .

Pirsa: 22090094

CUCEQ“‘JGTG[S 'f{ ’l/I;( 9\ HL

Anurag Anshu "

Page 13/23



11:33 AM  Wed Sep 28

@R = o mm
8% =Y
< i )
gf}cpaﬂ'ﬁllﬂ?ﬂ Secevng necesoacy . G non-MLTS f“f‘ﬂ““P[Q Anurag Anshu |
” il - H. is on a $Guare athe
. i —J € energy shle wh
. 1 o
Or et Th /e
- - - L - l l Ar 2
R - - o st L | dﬂf) ‘
P 1) [ g ey
0 [l gy
o YA RAY (B A7
1) 1) I :._rify
_i_
NLTS

{‘DwPe/r'y V(’.%‘ri{] .bawdt%\«] tv cale as '\mtu%
which  hofpent i eqpardic Mypes- Graphy

Pirsa: 22090094

Page 14/23



11:37 AM  Wed Sep 28

P = sz
v/ E
¢ >
E};Pamw‘\ Secevng necesoacy . G non-MLTS f“ﬁ”‘“PlQ Anwégnnshu
3, Tt - H. is v q gr?/uafyg (o'
e E k e 3 E - {V\{"(lj’J S‘f’tﬂ‘f"@ M'AL'L,‘
~— iﬂ/.g . . /.0
L LIl ;_:,Qrwi—dgfmﬂ,a/é
K \ — '
* - - - . :J'F.E . |‘[:'} F"';) | I]’_am ‘V T!)
11 (1931l 10 1%) @#)-
o LS JRAYREY :
1) 1) I :._rify
+
NLTS

{onPe/r'ﬁT «rew‘w{] bawd%\«] v cale as '\mtu%
whith  hoppent i efpandic hypes - qraphy

Pirsa: 22090094

Page 15/23



11:38 AM  Wed Sep 28 @ = s

& 2

< >

Eypension= Clastenng | an TibusNahee Exanpl Am;mhu
[A., 37euckmann 20:“2]

., Tannex Code T [C;Jm{ rgj:.ipzw_“)

|

& alfjwcap G: (U,E‘)’ CU;YdthbJ
Y )/\\
K A= mﬂ(lrlxlflrlwl)_ 5

—_—

o Distonee ~ O(161) 4

i Do 2, 2)

— What about a{)met ratfﬂwﬂtﬂr?
{)l" JT%JEEIHJ

Pirsa: 22090094

Page 16/23



11:41 AM  Wed Sep 28 @cP ~szvmm

v @

¢ [wal >

E}Paﬂglmﬁ C]_Mﬁ'eﬂrj ©an I[[,u;’h’ﬂ’hui F%depﬂz_
[ﬂ., 37euckmann 202‘1]

» = r-l_a.nrxm Code T (CP(‘{{ gj)fz'mm\) i

o deged (1 (U £), Cot2, k"’w\k H

[ 4 /‘\"mﬂ“ﬁ(lr‘l llr:1 t) //t)
o Distonce —~ 9(|E|] ;,} />//X\

—_—

g3 Do '5/97{

— What abaut 0{)”)1'07( {foﬂu}m’tij?
{x: Jxxl 2 elel)

Pirsa: 22090094

Anurag Anshu|

Page 17/23



11:44 AM Wed Sep 28 <P =szvmm;

4 i
< 5
Stvucdwre. q,J/— jn;'c:o! %af\rfrw r"ooLm, Anurag SR
¢ —  Leyeaviey — Zewnst (w22]) £ (Pante lee - kalackev [10217)
o D\';”'I'aﬁcq_ = Q(n) r Trnur'f Te[,{q an E’Tﬁfaﬂiim &'j_
& - :
e )( ad 2 Tenwex ‘J’Yﬁpi\z
[

— Mo ]’)1—90_75 3,-\”-5 e C/{MS#W-”j af- ajj})—ra}( coole wods .

\ i — -
o S — 1 f

® | ®
+ & o ®

Pirsa: 22090094

Page 18/23



11:45 AM  Wed Sep 28 [ @ EEA W

4 =Y
< >
Sﬁuwﬂ DFJL jnj;:}o! %a,@l—w r’“DoLQj, AmraAnshu

—  Leyenvier — Zewas (1022] £ Ponde leex - kalachey [1021])

— Dictane = B(n) ; Trnofr velis on exponsion trj’—
ry

e )( ad 2 enwex ‘:]’YQP;\I

R

~ Sarme 1’)—.—9995 gives o C’L‘-“SF"W-Vj af- ajj/)'ra;{ cede worols.
V‘F'.‘ - S .-v' = — 1
i ® 8% (%

» |

Pirsa: 22090094 Page 19/23



11:46 AM  Wed Sep 28

v

< >
Civeut low2x heowwol ool kit. Anurag Anshu

0 Exewple 40 1ASHD (4>, . . B
&GW*P“QO—' L ( B~

& J2

K

4

|1f\

Pirsa: 22090094 Page 20/23



11:49 AM  Wed Sep 28 | & RV

Y @

< >

([' v[ﬂw:f—} f,owe\; b ﬂ;amcﬂ {—01;.( kst Anurag Anshu

s Thm G D2 UGS we dgh((1)) =

o ek ) be e olistnbabim  when [P s mescureed 1

fﬂm.[\mﬁ ﬁ:hf"\ml bﬂ('.;‘;'_ l'{' ' fll ane. Aol l.]'\CQUJ = :e){‘J

At ¢t ome

S
O I ¥ %tjw o
: [ Kuwahava, Ased, Anue 2, Uecfw.ﬂ WIY_]
L Eldoy, Hovrow WIE]

Pirsa: 22090094

Page 21/23



63 AM  Wed Sep 28 P = v

v £
< [
@ P o S Anurag Anshu
(. IV L.r,r:--r1 [ij.].'n_,."{:'{ v D0 ""/'_""‘P I “Uc' -

7 Thwdt Bewe DiB- u(o‘%@“, whre  dpt((1D) = ¢

o Lk ) be e distribabim  whem  ['PD s mescwreed =

. compeXalimd  bacic £ Sﬂu B o B "kmj”:m
wAth Dtome L, frem

# o \Q@ :f)

+ i

d §
o] Pw"f' %[ﬂ"‘*}""“@l natinod
[ Kuwahava Aod, Anwe 2, Uecffa-ﬁ ?/Oli'_]
5 Ffolh,- Hovrow WIc]

Pirsa: 22090094

Page 22/23



11:53 AM  Wed Sep 28 P = 79w

¥ EY
< >
OPEﬁ\‘J @ E/{ggT[OJ\Jﬁ Anurag Anshu
£ = kTS T‘roparﬁ (]L“ it ahE cﬂlfrf"\ +  otab. iy v
& ffo-fJL
— T evwmome NMNLTS ?)Tuﬂwm”f}j ( oy rf‘}'r\js 72 D J‘gﬂ;,,wy{/i
K q,o’l./r/

o = éafre vty 35091 Ww&hkm LDPC code NLJS?

Pirsa: 22090094

Page 23/23



