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Craig Hogan - GS vét ly thién van, Giam déc Fermilab, Pai hoc Chicago, chl nhan y tudng tiéng én toan dnh

THI NGHIEM TRUY Tim Vi TRU TOAN ANH DA RAT DAY

Vii tru toan anh 1a van dé gay an tugng rat manh mé ddi véi nhiéu nha khoa hoc. Day
c6 thé 12 mat hé hinh (paradigm) méi ctia vat 1y? Craig Hogan - GS vat Iy thién vin,
Giam ddc Fermilab, Dai hoc Chicago cung vdi nhiéu nha vat Iy khac tin rdng, vii tru
ctia ching ta chi 1a su tai tao 3 chiéu ctia mdt toan anh (hologram) 2 chiéu. Nhd thiét
bi holometer (toan anh k&), ngudi ta ky vong chiing minh réng vii tru ctia chiing ta dugc
ma hod trén mot ma tran 2 chiéu. Sau day l1a bai viét cta tac gia Leah Hesla dang trén
tap chi Symmetry (Joint Fermilab/SLAC publication), thang 8.2014.

Thé nao la toan anh va nguyén ly toan anh

Nhu chuing ta da biét, trong quang hoc c6 phuang
phap ghi mot vat thé 3 chiéu bang moét anh 2 chiéu
(hologram). Ky thuét nay goi la holography (phuong
phap toan anh). Chi holography cé géc tu ti€ng
Hy Lap holos whole (toan thé + graphe writing, ghi
anh). bay la moét phuong phap chup anh hién dai.
Holography dugc sang ché vao nam 1948 bdi nha
vat ly ngudi Hungary Dennis Gabor (1900-1979),
ngudi ma nhd thanh tich nay da dugc trao Giai Nobel
nam 1971.

Hologram la mot anh 2 chiéu (2D), song khi dugc
nhin dudi nhiing diéu kién chi€u sang nhat dinh thi
tao nén mot hinh anh 3 chiéu (3D) tron ven. Moi
thong tin mo t& vat thé 3D déu dugc ma hoa trong
mat bién 2D. Nhu vay, chung ta cé hai thuc tai 2
chiéu va 3 chiéu tuong dudng véi nhau vé mat thong
tin (hinh 1).
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Hinh 1: holography trong quang hoc: mét hologram thu dugc
khi mét tia laser bj phan tich lam doi: tia thi nhat ddp vao vat
can chup (6 day la mét hinh Idp phuong), tia thi hai sé dugc

diéu khién dé phan chiéu tir mét cdi guong réi sau dé gdp tia sang

tir vat, két quéa giao thoa sé duoc ghi lai trén film
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Sau do, vao nam 1993 Gerard ‘t Hooft dua ra
nguyén ly toan anh (theo nguyén Iy nay ton tai moét
vat ly n chiéu trén mat bién moé ta4 dugc hoan toan
vat ly (n+1) chiéu ctia hé nam trong mat bién). Mot
vi dy Ung dung nguyén ly toan &nh: theo nguyén ly
holographic, cac quy luat vat ly trén mat bién (xem la
hologram) mé t& tucong tac gilia cac hat nhu quark,
gluon trong khi cac quy luat vat ly ctia khong gian
nam trong mat bién dugc mé ta bdi ly thuyét siéu
day nhu thé& cé chia c& hdp dan. Trong quang hoc,
hologram la btic anh 2 chiéu c6 kha nang tai lap
mot vat thé 3 chiéu. Nguyén ly toan anh dugc thiét
lap trong mét trudng hop cu thé bsi Maldacena (Pai
hoc Harvard, My) vao nam 1997. Céng trinh cla
Maldacena gay tiéng vang I6n trong gidi vat ly ly
thuyét, trong vong 5 nam cong trinh clla Maldacena
dudgc trich dan trén 5.000 1an va dugc xem nhu modt
budc dot pha vé quan niém, tao nén mét cach nhin
mdi ddi v6i hdp dan va ly thuyét trudng lugng td.

Cau chuyén tiéng 6n toan anh bat dau nhu thé
nao?

GEO600 la mét dy an hgp tac (bat dau ti nam
1995) gilia Vién Vat ly hdp dan thuéc Max Planck
(buc), Paihoc Leibniz Hannover (BUc) va cac trudng
dai hoc clia Anh: Cardiff, Glashow va Birmingham.
GEO600 la mdt detector dai 600 m dugc xay dung
tai Hannover (PUc), c6 muc tiéu tim séng hap dan
phat ra t nhiing thién thé nhu sao neutron, 16 den.
Hién GEO600 chua tim ra séng hdp dan, song rat
c6 thé da phat hién mot hién tuong quan trong nhét
trong thé ky nay. Trong nhiéu thang qua, doi ngi
GEO600 dau dau vi mét nhiéu loan, mot tiéng én
khong giai thich dugc trong detector cla ho.

Mot diéu dang ngac nhién, Craig Hogan lai tién
doan rang, nhom GEOB00 sé& gap van dé vé tiéng 6n
la lung nay va dua ra cach giai thich: nnom GEO600
da ti€n tGi gidi han cd ban clia khong thdi gian, dén
diém ma continium phéng phiu cta Einstein chdm
dut, nhudng chd cho c4u tric dang “hat” gian doan,
nhém GEO600 da cham ngd dén su thang giang
“run rdy” lugng ti cla khéng thdi gian, mét mic
sau cla thyc tai trong vi tru hologram. Tai nhiing
khodng cach vi md véi kich thuéc cd 10°° m (d6
dai Planck), khong thgi gian cé cdu tric gian doan
nhu c&u tao dudc bang nhiing pixel. Giam déc Vién
Albert Einstein Hannover Karsten Danzmann cho
rang: van dé ti€éng 6n toan anh da dat nhom nghién
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cliu GEO600 vao tam con 16c clia mot nghién cuu
cG ban quan trong cla thé ky.

Viéc truy tim ti€ng 6n toan anh b&t dau tu nam
2014. Hién nay, tai phong thi nghiém Fermilab
(Ninois, My) duéi su lanh dao cta Craig Hogan,
Aaron Chou cung cong su da thiét ké mot giao thoa
ké toan anh (holometer = holographic interferometer)
nham truy tim vii tru toan anh. Ho da b&t dau thu
thap di liéu tin hiéu cla ti€ng 6n toan anh.
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Hinh 2: holometer duoc dat trong mét dudng hdm dai 40 m.

Hai nha vét ly Aaron Chou va Brittany Kamai dang théo luén
viéc hoan thanh du an

Y nghia vat ly

Céac nha vat ly thué phong thi nghiém Fermilab
tai lllinois, My dang thuc hién thi nghiém dé chiing
minh rang v tru 3 chiéu cla ching ta dudc tai tao
t mot hologram vii tru 2 chiéu. N&u vi tru chi la mot
hologram thi continuum khéng thdi gian sé dugc cau
thanh bédi nhiing bit 2 chiéu gidbng nhu nhiing pixel
trén man hinh ti vi hay trén man hinh may tinh. Néu
nhin ky man hinh ti vi ta thdy cac hinh anh tudng
chling nhu lién tuc nhung that ra dugc céu tao béi
nhiing bit. Tuong tu nhu vay, holometer dugc thiét
k& dé nhin thdy céc bit d6 & kich thudc Planck, trong
kich thuéc do, mdi pixel 1a 102 1an nhd hon mét
nguyén tli. Ly thuyét khang dinh réng, & kich thudc
dé von la vuong qudc cla ly thuyét lugng ti cac
pixel khdng thdi gian s& ludn “run rdy” vi nguyén ly
bat dinh cla co hoc lugng tl va tao nén mot tiéng 6n
dudgc goi la ti€éng 6n toan anh (holographic noise).
Nhiing diéu ta thdy trong khéng gian 3 chiéu c6 thé
chi 1a mét 4o tudng. Giéng nhu trong mot 16 den 3
chiéu, moi théng tin bi giam cadm & day cé thé dugc
ma hoa trén mét méat 2 chiéu la mat chan trdi su cd.



V& mat ly thuyét, toan bd vi try cling ¢ thé cé céu
tric tuong tu: mét hologram 2 chiéu sé ma héa dugc
moi théng tin 3 chiéu cla vi tru 3 chiéu. Quan diém
nay c6 thé cung cép cd sd cho viéc théng nhéat hai
ly thuyé&t lugng ti va hdp dan. Pay la mét thach thic
I6n cha vat ly hién dai.

Mé ta toan anh ké (holometer)

Toan anh ké& gém 2 giao thoa ké& (hinh 3). Trén
méi giao thoa k&, mét tia laser qua thiét bi téch tia
(beam splitter) tach thanh 2 tia thdng géc véi nhau
theo hai canh dai 40 m. Anh sang laser dugc phan
chi€éu ngugc lai vé thiét bi tach tia nhG hai kinh phan
chiéu dat & cudi mdi canh va tai hop tai thiét bi tach
tia. Néu thiét bi tach tia von bi cubn theo cac rung
dong clha khéng gian c6 chuyén dong do & su rung
dong cla continuum khéng thgi gian, thi nhiing
thang giang tinh t€ dé trong laser sé& dugc ghi do lai
nh& céac photodiode. Su run rdy nao dé clia khéng
thai gian sé& lam thay d6i tAn s& anh sang cho nén
khi tai hgp tai thiét bi tach tia hai tia laser phan chié€u
khéng con déng bd niia va tao nén nhiing thang
giang vé do sang. Sy méat dong bd nay 1a biéu hién
clia hién tugng dao dong cla ban than khong thdi
gian tuong ty nhu dé md (fuzziness) trong hai bang
tdn gan nhau trong nhiéu radio. Cac nha vat ly sé
nghién ctu di liéu ghi do dudc bédi cac photodiode.
Holometer |a thi&t bi nhay cdm nhat hién nay dé ghi
do su rung dong cla khong thdi gian.
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Hinh 3: holometer (toan anh ké) va so dé hoat déng
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Vi sao phai can dén 2 holometer? Béi vi ring mot
hé quéa giao thoa ngau nhién nao doé sé& khéng bao
gi¢ dudc ghi do bdi ca hai thiét bi. Néu chuing toi
tim thady mot ti€éng 6n khong loai dugc thi ching toi
da ghi do dugc mot diéu gi do rat co ban - noi cach
khac ti€ng 6n dé la tiéng én ndi tai clia khong thoi
gian. Do la y kién cGa nha vat ly Aaron Chou thuéc
Fermilab. Day s& la mét thdi diém day kich dong
cho gi6i vat ly. Mot két qué duong tinh nhu vay sé
mé ra con dudng dé hiéu khong gian da hoat dong
nhu thé nao.

Két luan
5

Thinghiém cla Craig Hogan va Aaron Chou (con
co tén goi la Fermilab E-990) dang tich cuc tich Ily
dii liéu (holometer con cé thé dung dé nghién cuu
thém mot van dé khéc la tim séng hap dan, ké ca céac
hiéu (ing topo). N&u ti€éng 6n toan &nh (holographic
noise) cla vii tru dugc tim ra thi day la mot thanh tuu
vo cling &n tugng trong vat ly. Vi tru ching ta dang
séng thuc chat la mot hologram 2 chiéu ma héa moi
théng tin clia vii tru 3 chiéu, tuong ty nhu mat chan
tri 2 chiéu chua dung dugc moi théng tin cla 16
den 3 chiéu. Phat hién nay néu thanh cong sé la co
s4 trong dgi cho viéc thdng nhat hai ly thuyét lugng
tl va h&p dan. GS Bernard Schutz (Vién Thién van
Hoang gia Anh) cho rang: néu tiéng 6n toan anh
dugc phat hién thi day la tin hiéu clia mot ky nguyén
mdi trong vat ly co ban (Science Daily, s6 4 thang
2.2009). C6 phai chung ta dang séng trong mot vi
tru toan anh hay khéng? Day cé thé la cudc cach
mang I6n nhat trong thé ky XXI &
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Tai liéu tham khao
1. Hogan’s holometer: testing the hypothesis of a holographic
universe by Sara Reardon.

2. Fermilab is building a “holometer” to determine once and
for all whether reality is just an illusion by Clay Dillow.

3. Read more at: http://phys.org/news/2014-08-d-hologram-
fermilab-nature-universe.html#jCp.
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