Cir
i c,u,e
ic |

ower -bounds ‘(“

ﬂ“w oC 'ow-

Cocle )
o Ay states of
nNiang

CWiamag \\
3 iddar

ao{nl* worle wid- A
\»raa /é\v\sl'w

Berkeley

m L’\L\(@ . |
c . .
C \O
C-A/C
I



— - rA c\’ivcn ZH'&‘S\ Wow L\Qﬂl s i+ ‘|‘u c\ﬂrox;mm

S S ',Q o | Bp o ey (¢
7 / ) T For g0y o) th QMA-haed.
' L

» [K&N’V ;CA"“\[L“"A“"?NGQ (Béucsl« Crvsso }
Honien 1= Hq
Loeal Hanibronen H< 2L APCP Comechre k- is also QMA-hardl
1Q>r s(n) = JIn).

| [ All\or‘o«\ov/ No\w\,\m', A\/\o\(mw, ,‘\fmk, Vidide ’

in n whit
a\c_-\-\éo V\q_k S,

E = nf ‘tf<H¢>.
&

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




_S_ﬂ,'\e!_', F'a_n ‘PR)ULWL NLTS cm(scdum Freedman, Hastinge |

(NO |ow—em3} “T Vial S‘f‘a:‘"e,s CDY\A )
__N_LJ\S Comd 3 o_ n'qu Constomnt 8>0)0-4~;Q, o -E‘VV\.,

——"—
rL-;J;j ’u—] T Cc,(*l’) OF |oea( Hewn . ZHC‘“)X“ on W c_a‘.u.L(‘\'s s%+.

. 5
r 1 , = min oQ-bP—l'L\, \/ \PC“B coida ke (H(nwcu)) < EV\,'
““_"_!j T .
IOI0) 10)Io) (0) |0) the CC (\P ) = w('l) (S‘k?"fc.ov\s‘\'ufd") :
3% Bad'as are ony L q‘w\oil— wnifenes CM;“)? IS

CXOM&M&%&M

tv\ B IR :----...__. .o o .

3""“"““ﬁ“_‘1 loca| cirenits

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




The NUTS Con echurg [Pt Hochy:”]
® Nﬂccssa:j umsagfue,v\ce, of te &XPCP Cov{\e,durc
@ Sb()c,r‘o:CA ’H\L ”m\OMS‘("V\LSS O]C cW"MS‘@V\b/\{“ q_wfs&’l oL

’Frum Hoe ”ham(vu,ss oE wa\Pu:‘"ocHM“ asPec:F of QPC?

@ A‘S‘(,s Aoout Ha O\lo\(\i-n dv conduct q.w*"!“\ﬂw\- COM{)\A’Z\‘HW\.
O owa Wroc"w-e,

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




OQur Wesults
(double sided (DPC)

Let  be a ([vx, k,al]] shob lizer e.m)r—comd-iﬁ code o{ Const. ‘ma\§j.

N\
: -1 o-F ?\Agjsiul J 1\ L erasue distance
qdot“'s 'ﬂ.of loqicel
i
Lek Hy ke e ne local H Ho- D H Wik H =
e e “"—demg cal Hom. T = o o2

AV\ a.(wws‘(’

Let P be a wmixed staty st tr(Ht F) £en. TkuL,’ / e NLTS

| . [ Thaocem. .
cc.(P) > .Q.(Mng |o§ 4, |°3<7\_ . &log(y£)>§> (dLi)cvw(me\ e).

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




Qur '\ imH-; QEMA FQMA + QPP

al <¢en gr\.,nM dls \Woae 3'\—"*""""3 cc
Let t |oe L [[V\) k,al]] stab: lizer e.ﬂbr—mr(zc:('iing code 0{ Const. ‘oca\i

Let P be a wmixed staty st ‘tr((-—lt F) £en. Tﬁw_,,

ce(p) 2 ﬂ(“"‘""g log d., loé(’lv%' ﬁl‘(ﬁg(‘/f.‘))§>
Coc ' le= 52(n) (lineer k) el d= ) (polgmamial distance)
tan Br (U, p) £ O™, te(H, p) 4 o(n)
ce(p) 2 J?.(\og V\) ce(p) 2 w(1).

B.

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




EX&MP\C Codes

O Tl - Zlmor | L\gpcf‘ém‘:k
'F“Oc’wtc‘\’ codes

. k-8 (n)
\\{J\(\/ d-0(¥u)

(POSS\ Uj ‘P ull NLTS .

Chinmay Nirkhe (UC Berkeley)

@ TFnctwre orie code with N (V\Fg) holes.

e {r(HP) ¢ O(V\\-lg)] cc_(P)e Q(g(og n)
Not full NCTS  sine. 1D

Circuit lower bounds for code Hamiltonians




.Pw""-.[’ 'Deﬁ- ond N»‘ Lemmas

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




C\rc,u‘\l' COM‘:)!Q;_._E

E
« T
) | ™

010> (M9 e

CC(P) = wan CL,FAL\. ‘L 0{‘ anj
clkt ‘mdi‘j producing P.

Chinmay Nirkhe (UC Berkeley)

nc+ A%‘\'dQ, hes ce ¢ 4 ;ﬁ-\ F+ s o
tengor ?rdclud- ehata

@' &im a O(N-local Hom. H ond o sk
P OP CC(F)-'—'-'C, A 5 o classical oda_. (;1
i tine ?o\j(n)' CXF(e.xP (—L))

H\- Eady term éf(Hi '0> oQLFc,mls on oriuj H
e duced CoMFq)&Hw on 0(2{') ?ubw’{'s.

Circuit lower bounds for code Hamiltonians




C\rc,u‘.l' COMP%

E
« T
r \ [ T L

010> (M9 e

CC(P) = wan OQLFAL\. ‘L 0‘(‘ ow\j
clkt ‘mdi‘j producing P.

Chinmay Nirkhe (UC Berkeley)

Circuit lower bounds for code Hamiltonians




Cireh Congloihy Zf;;‘ift“"ﬁ tr(WAup)
< =1

E_tf_‘f__% ‘é:r‘ (Uf)u > '6( (’(/(P ) _ —————"p :*_T;F—_—
1)5: Lt A be ony O?ﬁfa\'\'br oA gtuJor@ 7. [5 “’)))
‘(’X‘(A-Erﬂ.' (‘L{Fu{‘)) — S~

s e (Wanp) _ Al ak el
= te (UTAU Pe.) @ ())D
= {‘M(A -Er_l.(u ‘pLi u‘\‘ ))

Chinmay Nirkhe (UC Berkeley)

ircuit lower bounds for code Hamiltonians



Q‘PC? => NILTS  (modulo NP #QMA)

R QA pf At min gy = 0 is o shite, p sd & (Hp)=0.
| Tustead , o ANLTS, 3o st 0 wi e = 0(1)
} bde(be) ¢ Ln. et Wb d(_f)m'ng k. - L,
——— I A —A-) Claim: U Jcscrir-l-\'a\ s o cassical witne {:r poden |
| e onyy<0 2 dassidy duk tr(Hr) 40 7~ )

M L»U'Jx >-—v| > V u {r(Hq)) LY

- ; — > QMA = NP

Circuit lower bounds for code Hamiltonians

Chinmay Nirkhe (UC Berkeley) 12



Ervoc- cnmu.:\-ing_ Codles,
Le. (ocal _'En&is\-'wgwé'\ab?\{j

Knill- Loﬂawwxe, condlidions ¢
CC\V\ Co\t‘mc;\- Cw onvol E \—@\

TTET =TT
l._I._J

’Pf‘ose,dmr on
Hre 6041,4"&@ .

Cocle hay dist d, € & can comeet
ol econy of size < d.

Chinmay Nirkhe (UC Berkeley)

Then, V codestutes e, 1035'6‘:8((’) 1S an

“vedont:

===

P B = angopesitor ad—inér only on S
t(EP) - é«(EWPTr)

- & (TETp)

= 4r (’\a'ﬂ'f’)

- le- — P 'MJ‘\*NLA"'. @

Circuit lower bounds for code Hamiltonians

e C_+C\\ol€

LC\' S lJC o et 0{ %Mlo}Jts of l3‘< d. (w;"'ém‘

)



T%s(-" I . S‘CL‘\'C‘A. of oPm, Mv\,'%w,s

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




£- st stodes:
3 codles Fote L\) G-+. C
| p- Wi <& al low ey ebodes - ‘(:‘.(HP) Z en

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




WarmuF: Ciceit LBs for low- distance stutes

Y o
YMSF‘W\Q N Lok \l’ be a sk elist S s;mm t.Whu+ 18 CL(\P)Q
N\

\

F:)“dorc, . \:(;c aﬁ ro&s\-a‘tb f)) C(.(f)) = 52003 d,)

\ [[nYd]) | For simplicrhy, (& oAy tonsidar e sholis ond cireurts
N~/ without cnci\las.

Towt : Lek 4T < Y for any state (WD of dlist 3 foom €.
= cc(9)2 R (log d)

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




\o\lanm‘: Cirewit (Bs ‘(‘\br low- distnee, stateg

Tow : Ler 3 < "/VL.]DDF any statz, (WD of dist 3 fom €. = cc(tp)zﬂ(lOJ 4).
_s ‘{) P be (‘_\oses‘l’ codegtate ‘(‘o V. O be CV\C,O&L& VVW)GMfl—IIJ wiXed. S("a’Q,

P\,\ @ Let R be o rgion of \R|<d. @D Let |V =W for
o _ U o st €

: Vo % Pa = O Mh«ﬁ;lu&.
;—.\S;G_:(L loco\ indisti l\gui)\'\u\o\\i\h |o)<o‘ g{( ' (u LPU)

%f’ux\ = ‘Fﬁom ‘H,\L,}

® \0)(0 = e, (U'wu) = (uwu)~ te,(We, U) t«(u OU). { me st

@ S(tc (Wow) 215 . © k= () = 5(u'ou) - Z St (o)) < {5 n.

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




£- st stodes:
3 codles Fote L\) G-+. C
| p- Wi <& al low ey ebodes - ‘(:‘.(HP) Z en

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




E’."_"'_‘__""l‘"g _"'.‘2.’-_2‘.'3%“‘ Y low- ererqy stutes

| ows Ly I k =§2(n) \ Hen cdrend [(Bs ‘(:)t‘ all
Sk low - distance. stutes.

\oolb'dlu\ LDPC S‘l*c}b}li?yr Codles
states All dnedes eve Fensor “)mcluc:\‘s o{'\ o few ’Pau\iS.

Zﬁ=§l\?>= Co o) =W V'«’g'
D, . il‘\’) Cc\w>=(">SC\LP> V“g be sedo’

Loce indish nsuis\«abil{g |
(R\M\( . ll\o\o\s ‘For ecch “X”P“Ds. . (p\eg'\'w\ P\ st ‘R\<0\ Thn) P‘p\ M\la\n'om'\' Over e,adr\ ‘DS.
(Lw" Can qumJ on S).

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




Main Thm

Ler € be o [[_V\,l‘,dn shbiliaey LDPC coty, ound C(> a V\ftu\a'& Mtyw(’ ot st
‘(:\’(H d)) ¢ e | Then,

ce () > Q<M§\034 og n'u‘ogc/gﬂb

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




Sketeh of low- encryy acqument : Gentle Measurement
Let & be a n-gubit mixed stute and U o dept £ ckt on M qubits COﬂS‘TMc)ﬂ'ng ¢
N
Let ¢, ;-tr(HL-cw cond, Z_,Q,; £ En. Wlog Con  aSSuwve WM sn-f.

Let W be (t} ofter C°"‘“‘°"‘*lﬂ chaswihg eadr 3tabilizen indp N = O(n) exdr ancillg
Ancl Y Ve Cb a&r’in c.o(/\emn‘\”lj Mcawm'_f\j, l_[j hos & conshruck f‘g b W of
( r?d.g ?ruJai‘\'S T—St:)v\du'cw\c Meas nemants dl?‘\'\'\. ‘(',‘\‘ O(ﬂ-)k‘ dwne o LDPC

L g

@ Lt R be a Qg’uow 0('\4"% %‘ABH'S. PP '\7\0»\8\:\13 80«3'1& Measurovuitt ‘@bm
F(k\) ,WR> 21 - Z £ . g s

Syndome 78 qubd ( ¢ B

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




Sketeh of low - encray argument : i«\"‘roducilﬁ exthropy
‘{1}' - -‘,\('o\,‘de‘/(.\.(/i measured c‘)) ‘e \W—M 'ow-ev\eﬁj state.

| visS? TX 5 .
8(?) = _‘f_'-‘- Z i (X Z >(P)<X % >~t‘ (“e. ‘oaiml COMPle\T,\—.j Jg@wm (,L\q,mu_l

% 2e oy

Detine @‘8(?} = S(@)ik.

@ Let T be a Feqion of Q(u.\o;'{'S st. (Rl<d. r?fi: Local '«no('\fl“wnu}sha\l,}l,"\h Per
Then = @) “ope D Beth W 6
" " are CQ stedes wrth same dist

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




Sketeh of low- encqy anqumient : 'Pu-l'}:n'j ﬁoa;jﬁr‘

Y = C.D\AU‘G\/\E\:S Measuredl C(? @ \Oéi call-\.j C.ovvx?l cldj duconececd] V.
Y - COL\UM\"‘B megsured @

D{’(Q) ‘F}Al*ZE ®TR:@K W‘/‘U\(R\<&

‘.617\
@ﬁf CMJ qul_')"‘a‘ @ ASSW'\\IL(S 2{*0(0(&_, ‘H\U/L
(W ow) = 165s Fe, (Wiew) 4 (whow))

+ ;
2 Fltr, (W', w), 4, (WO W)
31’2“:@.?—'53@*@-

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




Sketeh of low- eneryy arqament : Bounding the. rate.
® Fiool, 4 (Wow)) s 1- De = 1-¢,

CeL. J

d
@ S<‘€CA(W+®W)> < e"é \03<_£—‘-J_-)‘ 'Q\ GE‘ EL- _ 0(2{—2)

©® k =« S(®)= 3(W ow) | |
¢ T 5(t, (v oW)) R T C i)

p o[(mw(n)) (50 Elog(‘/e»} Rlldidy Ae o Lownd
= 0(2 V\,g\og(/a)) |

Chinmay Nirkhe (UC Berkeley) ircuit lower bounds for code Hamiltonians




Acqument 'Recq?
TV\W\ t = [[VI\L d}] LDPC Stobs codle . (tD S a ch,‘y{-k 4+ state of ey & EN.

> £- ﬂ(mw\z (03 d, \og(v\ £\03‘/g>§>
O Sire LDPC shabilizes, con wuaswe all +eme in Constout dapte .

@ us"‘g local inchsh "g‘*"s"\txbl\'r\:s , Show ot (CM ave,mgq_) ®R N LP'R -(c‘,c-
Y Hae c,o\,\w-l—/tj mecowed stk ond @, & ‘/\ié\» Cw\wm‘::s stale.

@ Use the ‘OW"OL-«E‘H'\ 0{5 Ct) o bound the Cvr\'rotcj oj\\ @
3&&(01\':3 the conclusion.

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




Next 3‘\1'.?_§

This argwwr\" \r\o\o(s ‘gr “the ?‘mc:\\mei ‘l'oric, co&e_, (4 9—D cocle .
R“ NCTS covmot lolA "Q)(‘ HO\W\'\\'\U\ians oOn Cons‘("am‘\' dimens oval (c«‘H'{ @ .

PP e
’i‘ 3eom$h'ica‘b Break SF“Q- nto O(yﬂ) Sized Q%IOI\S (R‘.)"') rRO(_evl) :

°* o e e o o loca
« o o] e & e J Hm\.'(-cms_ Let @ be a gfbuml state .
« o o | e o O(gw) ‘
1 . - P=- 0 ¥, é——cc(t())g()(l/c)
c o O J . ) Y ¢ ’
: : :* ‘(‘\'(H CP) < en os oy few Hom, feoms ave qored]
J

Circuit lower bounds for code Hamiltonians

Chinmay Nirkhe (UC Berkeley)




£- st stodes:
3 codles Fote L\) G-+. C
| p- Wi <& al low ey ebodes - ‘(:‘.(HP) Z en

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




CNLTS COV\ACC"“F (& [E\dar, Homrowﬁ—]

This C,u‘H‘ini o\(‘%uvnu\.‘\’ Wolds ‘@r wcmlw(mg O‘F NUTR COV\‘"CC‘WE.

Combingbrial NLUTS : 3 €50, and sl o Haw K s
foe iy H, OQ‘%MA "’:j Yemovng £n  Terms ‘Q‘”"“ H(“)’

the cc of any  qrwd stute of H' is supecconstont:

C.NL_TS 'S OL\So o?c.vx! AV\A (s 8 ‘oou'n'c.r‘ as our almos+ \"/\W NCTS
Hw o ue ‘ex' V\on - CNLTS uo\w\\'(‘('om'ons.

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




O+ler o'x_!'\, qvuuﬁ'léns

(

To He loeal Homildomon fl)&mev\, wrda ’Pmix. ga? o1 ol QMA - hart €

n
Ocr oJ\Mos-" NLTS r'e,swl-\— S d'lu Comt"dﬁ me-.

c'\fc,u\'-\' ‘Dwu( lowawwb) ?‘L OAL.Q //GLW«»((Mq-lqons‘ o§> d?a. gw&raa_ lt\ow-c, 'oaw\ i)rbde,oox
guch, oS Sl NLETS reswlts [ado(, Harrowl,q Nr Vaz{nv(.,\/ww' g] -Q,r- \ow - ecvo— $‘hkm

Con dune oty be KTM RN e raw 'ftclrw\.-gtw;,?

Chinmay Nirkhe (UC Berkeley) Circuit lower bounds for code Hamiltonians




Tkomk taou ¢ ony %MS‘HMS?

er‘)U_ cvololle of acXiv @ 201102044

Avumag Anshu ¢ C\'\'mw:cﬁ Nirhe

Berkeley



