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WHAT THE PAPER SAYS - WHAT IT DOESN'T - WHY IT MATTERS

Mot thi nghiém nguyén t lanh kiém tra ‘bai
toan thoi gian’ ciia hap dan lwong t¢ — nhu
mo hinh twong ty trong phong thi nghiém,
khong phai cau tra 16i

Trong hdp dan lugng tit chinh tdc, phuong trinh Wheeler—DeWitt khong cé dong ho bén
ngoai dé sdp thit tw sy kién: dé la ‘bai todn thoi gian’. Mot thi nghiém mot tdc gia co
lap ngung tu Bose-Einstein, chia né bang hang rao quang hoc méng thanh viing khéng
quan sdt va viung quan sdt, roi xay dong ho noi tai tir entropy chay giita hai viing. ‘Thoi
gian entropy’ dé sdp thit tw sw gidn né va co lai ctia viing quan sdt, va mot phwrong trinh
hiéu dung tdi tao dit liéu do trong trwong hop hang rao thdp dwoc khdo sdt. Pay la bé
thit c6 kiém sodt cho y twdng thoi gian quan hé: ‘big bang’, ‘big crunch’ va ‘miniuniverse’
la nhdn twong tw cho khi bi bay, khong phdi vii tru hoc thdt, va cong trinh khong tuyén
bé gidi bai todn thoi gian hay hdp dan luong tir.
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THE CLEAN PAPER vatly

Mot chiéc dong ho dugc xay tir entropy, bén trong
mot cai bay

Trong hdp dan lwgng t& chinh tic c6 mot cdu d6 ky la va dai dang: phwong trinh trung
tam khong chwa thoi gian. Phuong trinh Wheeler-DeWitt, thit gan nhat véi phuwong trinh
Schrodinger cho toan vii try, don gidn noéi rang mot todn t& nhat dinh tac dung 1én trang thai
cho két qua bang khong. Khong cé tham sé bén ngoai nao “tich tac”, khong cé gi dé sap thw tw
“trudc” va “sau” — trong khi ro rang chung ta van trai nghiém thoi gian troi. Day 1a bai toan
thoi gian, va hon nira thé ky qua van chua cd 10i gidi d@t diém.

Mot bai bdo mdt tac gia trén Physical Review Research khong gidi quyét bai toan dé. biéu né
lam lang 18 hon nhwng theo mot nghia nao d6 htru ich hon: xay dung mot hé phong thi nghiém
nhé, duoc kiém sodt tot, noi mot ho cac cau trd 10i dugce dé xuat co6 thé aoi chiéu vai dir liéu
that. Giovanni Barontini tai University of Birmingham lay mot ngung tu Bose-Einstein — mot
dam nguyén tt siéu lanh hanh x& nhw mat vat thé lwgng t& duy nhat — va bién n6 thanh mot
hé twong tw noi y twdng veé thoi gian “nodi tai”, mang tinh quan hé, cé thé dugc do thay vi chi
tranh luan. Meo la xay dong ho khong tir chiéc dong ho bam gio bén ngoai, ma tir entropy ma
hé ty phan pho6i bén trong chinh né.

Khoang cach gitta “m@t mo6 hinh twong tu cé kiém soat clia bai toan thoi gian” va “cac nha vat
ly da giai quyét thoi gian” chinh 1a toan bo cau chuyén ¢ day — va khoang cach doé rat xa.

Nha nghién ctru da lam gi

Thiét bi 1a mdt ngung tu gobm khodng 24.000 nguyén t& rubidium-87 dugc gitt trong mot bay
ludng cuc quang hoc bao toan va cho dao dong — toan bd dam nguyén t lic qua lai trong bay.
Mot hang rao quang hoc méng — rong khoang 8 micromet, duwgc “vé” bang anh sdng 675 nm
qua thiét bi vi gwong s6 — chia bay lam hai nira. Mot nita dugc quan sat (“vang sang”); nita
kia thi khong (“vang téi”). Trong cta so thi nghiém khodng 100 mili gidy, hé khong cho thay
mat hat hay tiéu tan c6 thé do dugc, nén véi xap xi tot n6 1a mot hé kin c6 Hamiltonian ban
than khéng phu thudc thoi gian.

[figure_pair pending]

Bén trai, bay quang-tl tao ra ddm nguyén ti rubidium lanh bén trong budng thly tinh: mét giai doan lam lanh
s&m trén dudng chuan bi ngung tu. B&n phai, Giovanni Barontini diing canh hé thiét bi quang hoc. Day 1a anh
cla hé phong thi nghiém dung sau thi nghiém, khéng phai anh cua moét va tru thu nho theo nghia den.

Néu nhin bing dong ho phong thi nghiém théng thuwdng — chup dnh hap thu méi 2 ms — vung
sang lam mot diéu kha goi lién twdng. Nguyén ti chdy qua hang rao va ving nay 1én 1én tr con
s0 khong (Barontini goi thoi diém do6 1a “big bang”), dat kich thudc téi da, roi co lai va rong di
vé phia vung t6i (goi 1a “big crunch”). Tuy d6 cao hang rao, chu trinh nay c6 thé 1ap lai.
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Sau d6 mdi dén diém cot 16i. Pong ho phong thi nghiém 1a bén ngoai hé — chinh 1a loai thi
ma khung Wheeler-DeWitt khong cho phép. Vi vay Barontini héi: cé thé sap thw tw lich s
cua vung sang chi bang cac dai lwong noi tai cia hé hay khong? Cau trd 10i ctia 6ng la mot
chiéc dong ho goi la thei gian entropy, doc tryuc ti€p tir cung nhitng bitc &nh qua ba budc
don gidn. Th nhét, tit mo6i &nh hap thu 6ng trich bén con s6 cho vung sang: s6 nguyén ti, tim
khoi ctia phan bo méat do (déng vai tro mot “trudng vé hudng” twong ty), dé rong va entropy
— entropy trén moi nguyén t& theo mgt phwong phap chuin, nhin véi sé6 nguyén t&. Thi hai,
khi nguyén t di qua hang rao, entropy d6 tang gidm. Thit ba, déng ho di theo gradient entropy
doc theo quy dao tdm khéi do dugc, dm dd 16n cia moi dich chuyén ch khong phai hudéng.
Khi entropy va tdm khoi cung ting hodc cung gidm, moi budc van lam déng ho tién 1én ngay
cd lic dam may daéi chiéu. Trong dit liéu, diéu nay cho mot th tw duy nhat tir “big bang” dén
“big crunch” cia vung sang gan nhu & moi diém, chi c6 vai dao dong nhé noi ldy mau thua
khién hai bién thay d6i khong hoan toan dong thuan.

Cudi cung, 6ng suy ra mot “phwong trinh Schriodinger theo thoi gian entropy” hiéu dung
— phuong trinh tién héa cho vung sang dugc viét theo chiéc dong ho noi tai nay thay vi dong
ho bén ngoai — roi gidi s6 dé xem c6 tai tao dwgc nhitng gi camera thue sy ghi hay khong.

n ? \ \
Két qua la g1
Ba két qua, tang dan vé mwc d6 tham vong.

Pong ho noi tai hoat dong nhw mot thw tw. Thoi gian entropy tdng don diéu gan nhu &
moi noi, va toc do ctia n6 do toc do entropy di qua hang rao quyét dinh: né chay nhanh hon
khi entropy dugc trao doi va dirng hoan toan khi khong c6 trao déi. Trong ché do thuin
nghich, hang rao thap, khéng co thoi gian néi tai nao tréi gitta mot big crunch va big bang
tiép theo — vi & d6 khong c6 entropy trao d6i — du dong hoé phong thi nghiém van tiép tuc
chay. Trén toan bo di liéu, tong entropy ctia ca hai vung cong lai gitt khong doi trong gidi
han sai s6, ding nhu yéu cau vai hé kin.

Cac ché do khac nhau cho cac “thoi gian” khac nhau. Tang hang rao thi trao doi entropy
giam, vi vay dong ho noi tai chay chdm hon. Tang téi mic hai ving hau nhu khong con
tuong tac, vung sang tién ve trang thai ma bai bdo goi la “cai chét nhiét”: mot trang thai
tinh noi thoi gian entropy don gian ngirng lai.

Mot phwong trinh hiéu dung tai tao dir liéu. Phuong trinh Schrodinger theo thoi gian
entropy, voi cac tham so thuc nghiém dwa vao, tai tao bang tinh toan so sy tién héa do duoc
cta do rong ddm may. Bai bdo bdo cdo mic phu hgp rat tot trong truong hgp hang rao thap
(noi hang do entropy chi phoi); so sdnh s6 twong minh dugc thyce hién cho truong hop doé.

“Bai toan thgi gian” la gi, va “thgi gian entropy” & day la gi

Bai toan thoi gian xudt phat tir viéc phuwong trinh chi dao ctia hidp dan lugng t chinh
tac (Wheeler-DeWitt) khong cé bién thoi gian bén ngoai. Mot cach phan tng pho bién
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l1a cach tiép can quan hé: chon mot dai lugng vat 1y bén trong hé lam “dong ho”, r6i moé
td moi th khac twong doi vai n6. Kho khan lap lai 1a lwa chon dong ho tw nhién khong
phdi luc nao cling don diéu — maot hé co sup trd lai c6 thé lam dong ho &ng vién chay
tién roi chay 1ui — nén né khong gan dugc sach mot hudng duy nhat tlir dau tdi cuoi.
Theoi gian entropy la cach Barontini tranh van dé d6. Thay vi doc mdt bién giong vi
tri, Ong xay chiéc dong ho tir entropy trao doi gitta ving dugc quan sat va khéng dugc
quan sat, theo cach dé né khong ddo chiéu. Vé tinh than né gan vdi cac y twéng “thoi
gian nhiét” cti hon, nhung & day dugc dinh nghia thao tac tit mét dong entropy c6 thé
do thay vi tlr cau tric toan hoc triru twong — va chinh diéu d6 khién no6 cé thé kiém tra
trén thiét bi that.

Dbiém cuc ky quan trong: céc tir vii tru hoc — “big bang”, “big crunch”, “hé sé ty 1&”,
“truong vo hudéng”, “miniuniverse” — la nhan twong tw. Chung dat tén cho cac dac
diém ctia mot khi nguyén t& bi bay tinh co twong dong vé cdu triic véi phuong trinh cia
cac mo hinh vii tru hoc don gian héa. Chung khong phai tuyén b6 veé vii tru that.

biéu nghién cttu nay khong chirng minh
Day 1a cho can than trong nhat, vi tit ngit rat dé maoi goi phong dai.

N6 khong giai bai toan thoi gian, va ciing khong tuyén bo nhw vay. Cach chinh bai bao
mo td 1a né “thiét 1ap mot moi trudng thye nghiém cé kiém soét noi cac ciu truc thoi gian
quan hé c6 thé dugc ki€ém tra dinh lwgng”. Mot bé thi khong phai mét dinh 1y. Thoi gian
quan hé hay thoi gian entropy cé phai cdch mé td diing vé thoi gian trong hip dan lugng
t& hay khong van mé dung nhu trudc.

Pay la hé twong tw, khong phai vii tru. Khong cé vii tru hoc nao dang duge quan sat.
Nguoi ta quan sat mot ngung tu Bose-Einstein trong bay, va mo ta rit gon ctia no twong tw
vé todn hoc véi mot mo hinh vii try hoc don gidn hdéa (“minisuperspace”). Sy twong dong
la diém ctia thi nghiém; déng thoi cling 1a ranh gigi cdia né. Khong cé gi ¢ day cho thay vii
tru so khai cé mot big bang kiéu nay, khong-thoi gian dugc lam tir nguyén t& hay “thoi gian
khong ton tai”.

N6 khong cho thay thoi gian ‘thwe chat’ 1a entropy. Dong ho entropy la mot cau truc
sap thw ty duoc thiét ké va hoat dong t6t trén hé nay. Bai bao ghi nhan quan hé y niém véi
gid thuyét thoi gian nhiét nhung néi ré van chwa biét hai thit c6 trung nhau khong. “Mot
doéng ho noi tai xay tir entropy cé thé sap th& ty thi nghiém nay” l1a tuyén bé hep hon rat
nhiéu so vdi “thoi gian 1a entropy”.

Phwong trinh hiéu dung la két qua mo hinh héa, khong phai viét lai co’ hoc lwong
t&. Phuong trinh Schrodinger theo thoi gian entropy suy ra tré vé co hoc lwgng ti thong
thuong khi dong entropy cham, va chi ddang hoan toan véi ly thuyét don nhat quen thudc
khi khong c6 entropy chdy. Bai bao dit né nhw dang tong quéat hon phwong trinh chuan cu
thé khi mot hé dugc quan sdat mé vé nhiét dong lwec hoc véi mot hé khong dwoc quan sdt —
tuyén bo vé hé con mé trong kiéu cau hinh nay, khong phai 101 khang dinh vat 1y co ban
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phai dugc viét lai theo cach doé.

Pay la mot thi nghiém, mét tac gia, mot lwva chon déng ho. Két qua cé do bat dinh thong
ké khodng 5% cho moi diém va dya vao cac xap xi truong trung binh va mat do trung binh
héa. Pong ho dugc chon va cach coarse-graining la quyét dinh mo hinh héa c6 chu v, thudc
loai cadc nhom khdac sé muon kiém tra trwdc khi rut két lun cau triac sdu hon.

Bang chitng manh dén dau

Dai vai dieu khiém ton ma bai bdo thue sy tuyén b6, bang chitng kha sach. Hé that sy duwgc co
1ap tot trén thang thoi gian lién quan, s6 sach entropy khép kin (tong entropy khong doi trong
sai s0), dong ho noi tai sap thit ty dit liéu don diéu gan nhw moi noi, va mot phuwong trinh hiéu
dung do tac gia suy ra tir cuing mo hinh, véi tham so suy ti dit liéu, tai tao dong luc do duogc
trong truong hop hang rao thap ma né dugc ap dung. Dit liéu dugc cong khai. Pay la phép do
that cia mot hé that, c6 thé kiém soat, khong phai thi nghiém tudng twong.

Kha nang ganh két luan ctia né tuwong tng cling khiém tén. Moi thi dua trén phép tuwong tw
gitta mé hinh ngung tu rut gon va vii tru hoc minisuperspace, ma phép twong ty c6 thé lam
sang té nhung khong chitng minh. Mot nén tdng duy nhat, tit mot tac gid duy nhat, cho thay
mot cong thitc thoi gian néi tai hoat déng 1a bang chirng nguyén ly manh nhung la nén tang
yéu cho moi tuyén bo vé cach thoi gian van hanh trong tw nhién. Cach doc dung la: gio day
phuong phép nay 1a thit ban cé thé lam trong phong thi nghiém va kiém tra.

Visao n6 quan trong

Tranh ludn vé bai toan thoi gian 1au nay bi ket & cap hinh thitc todn hoc, noi cac dé xuat canh
tranh kho bi bac bo vi tao ra it dy doan cu thé cé thé do. Bién du chi mdt géc ctia tranh ludn
dé thanh mot thi nghiém chay dwgc — noi déng ho ndi tai hodc sap thi ty dit liéu hodc khong,
phuong trinh hiéu dung hodc khép hodc khong — lam thay déi ban chat cudc tranh luan. N6
cho cac nha ly thuyét mot “ban thi” dé kiém tra céng cu cia minh.

D6 1a déng gop that: khéng phai cau tra 161 vé thoi gian, ma 1a mot noi dé dat cau héi dinh
lwong. Cac nén tadng nguyén ti lanh da tirng lam hé twong tu cé kiém soat cho bitc xa Hawking,
vl tru gidn nd va phan rd chan khong gia; cong trinh nay thém thoi gian quan hé va mii tén
thoi gian vao hop cong cu dd. Gia tri nam & cac nghién ctru ti€p theo né cho phép — lya chon
dong ho khac, hanh vi nay lai so v6i ky di, kiém tra tinh thuin nghich — méi thi gio cé thé 1a
phép do thay vi chi la tinh toan.
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Tém tat gon

Mot nha vat ly tao ngung tu Bose-Einstein, chia néd bang mdt hang rao quang hoc méng thanh
ntta dugc quan sat va nita khong quan sat, roi dung entropy chéy gitta hai nita dé xay mot
“thoi gian entropy” noi tai. Chiéc dong ho nay sap thi ty chu trinh gidn né—co lai cia ntra dugc
quan sat, chay nhanh khi entropy trao déi va dirng khi khong c6 trao déi; mot phuong trinh
hiéu dung viét theo thoi gian noi tai d6 tai tao dit liéu do trong tredng hop hang rao thap ma
tac gid kiém tra. Cdu hinh 12 m6t mo hinh twong ty cta “bai todn thoi gian” trong hip dan
lugng ti chinh tac: “big bang”, “big crunch” va “miniuniverse” chila nhin cho mét khi bi bay
¢6 toan hoc twong tw mo hinh vii tru hoc don gian. Pay 1a bé thi ¢ kiém soat cho y twdng thoi
gian quan hé — khong phai 10i gidi bai todn thoi gian, khéng phai tuyén bé vé vii tru that, va
khong phai bang chirng rang thoi gian “thuc chat” 1a entropy.

Danh gia thang than

Bai bao cho thay gi: Trong mot hé nguyén ti lanh dugc c6 1ap t6t, mot dong hoé noi tai dinh
nghia tir trao doi entropy cé thé sap thit ty don diéu déng luc quan sat dwgc, va mot phuwong
trinh hiéu dung theo “thoi gian entropy” tdi tao tién héa do duwgc trong truong hgp hang rao
thap dugc khao sat.

biéu hop ly nhwng chwa dwoc chivng minh: Thoi gian entropy hodc thoi gian quan hé 1a
cach mo ta t6t vé thoi gian trong hdp dan luwgng t& that. Thi nghiém phu hgp véi viéc nghiém
tiic xem xét c4c cau truc nay; né khong xac nhan chung cho ty nhién.

Piéu n6 khong cho thay: Bai toan thoi gian da dwoc giai; hdp dan lugng ti da dugc giai quyét;
vii tru bat dau bang big bang kiéu nay; khong-thoi gian ndi 1én tir nguyén ti; hoac “thoi gian
khong ton tai”.

Han ché chinh: Mot nén tang, mot tac gia va mot lwa chon dong ho; dé bat dinh khoang 5%

moi diém; xdp xi treong trung binh va mat dé trung binh; va trén hét 1a phu thudc vao phép
twong ty gitta ngung tu bi biy véi mo hinh vii tru hoc don gian hoa.

Mot ddc gia pho théng nén tin cdy dén mirc nao? Tin cao rang thi nghiém da lam dugc diéu
né béo cdo trén chinh hé cta né. Tin thap déi véi moi budc nhay tit moé hinh twong ty nay sang
tuyén bo vé thoi gian trong vii tru that.
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