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(Bai nhdn ngay 27 thdng 11 ndm 2003)

TOM TAT: Trong Standard Model (SM), si tron ldn cdc trang thdi B’-B'(g=ds)la
mot hé qud ciia tuong tdc yéu bdc hai. Bdt ddu tix thoi diém sinh ra meson B, t = 0, xdc sudt
quan sdt dugc mét phdn rd B/ hay B/ tai thoi diém t dugc xdc dinh nhu sau:

P(BB - Bo) L.e " pos [A—’Z‘i)

P(B - BY)=T,e™ sin [A—r;dl]

el
trong d6 T, =—‘L2—", AT, =T} =TJ, Am, =ml —mj, véi L va H la cdc ky hig¢u tuong
ung vdi cdc trang thdi vat Iy ndng (Heavy) va nhe (Light).
Khodng thoi gian dao ddng ciia trang thdi sé cho mdt phép do truc tiép do sai bigt khdi lugng
Amy gita hai trang thdi vdt Iy nay.

Su dao ddng ddc ldp thoi gian B, - B/ duge do ti cdc phdn bd tham s& va cham lepton c6 p,
cao. Két qud thu dugc la: ¢

Am, =0.5317 0039 (théng ké) % 0.078 (hé thong) ps*

Dang gid trj trung binh T, =1.57 £ 0.050 ps, ta fim dugc:

Xg uﬁ‘-;ﬂ_o 73820.101* 0129

1. Gidi thiéu

Khém ph4 céia cdc nha Vitly vé cic hadron mang hat b di md ra mot cd s& phong phi cho viéc
ki€ém nghiém nhitng mo t4 clia Standard Model (SM) vé& tuong tdc dién tir y€u (EW). Mot trong nhiing
vin dé then chét dudc nghién citu 13 hién tugng vi pham ddi xidng CP, ddn d&n c4c trang thdi pha tron
hat - phdn hat. Cdc hién tugng nay tuy dd dudc phdt hién tif nim 1964 bdi Christenson, Cronin, Fitch
va Turlay trong c4dc hé kaon trung tinh nhung d€n nay vin 1a mot trong nhitng hién tugng it duge kiém
ching thuc nghiém nhat.

Nhitng vi pham d8i xtng CP tuy chi xui't hién & mot t 1& phan ra rdt nhé bdi tuong tic y&u nhung
rit phd hgp vdi Lagrangian cia SM cho bo 3 thé hé quark. C6 nhiéu phuong phdp khdo st sy vi pham
ddi xitng CP, vi du nhu qua nhitng phén rd hi€m x4c dinh bdi cdc meson K hodc D. Tuy nhlen, hé hat
B lai cho cdc két qud dinh lugng mang nhiéu trién vong nhit.

Trong vai nim gan diy, vatly vé cdc hat B dugc quan tdm nhiu ti¥ cdc nha 1y thuy&t d&n c4d
nha thuc nghi€ém. Cic detector BaBar (SLAC), BELLE (KEK), HERA-B (DESY), CLEO-III (Cornel),
CDF-II va D@-II (Fermilab) 12 nhitng detector dudc si dung dé nghién vit 1y hat B, dic biét v& vi
pham d&i xing CP va sy pha trdn hat - phdn hat trong SM. Cé4c nghién cifu nay con c6 thé md ra mét
cdnh cita mdi cho cdc nganh vat 1y "ngoai SM".

Trong khu6n khd clia s pha tron trang thai hat-phdn hat tif phén rd, ta xét d&€n c4c phin i clia

hat By, tir d6 x4c dinh d6 chénh 1&ch khdi lugng cla cdc trang thdi ning va nhe qua théng s6 va cham
lepton.
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BAt ddu tr thdi di€m sinh ra B’ (q = d, s), t = 0, xéc suiit quan sét dugc mdt phin rd By’ tai thyi
diém t dudc biéu di&n nhu sau: ,

| et AT,
P(B?l —> Bg )= —-213 Lt [cosh(Tq t} + cos(Amqt)] (1
qH FC{H H_L H . :
trong d6: Ty = e TR Ay =Ty —-T'y’,va Amg =mg —mg, v6i L va H1a cdc ky hi¢u tuong

tng cla cdc trang thdi vat ly “ndng” (Heavy) va “nhe” (Light) [7].
D&i v6i cdc meson By, SM du dodn riing ATy << Amg[1]. Do d6 hé thic trén dude don gidn héa
thanh:

P(B2 - B®)=T,e™ cos [é—-r;—“t) )
va tudng tu:
P(Bg - B°) [,e™ sin (AI;“IJ 3)

Khoang thdi gian dao dong s& cho mdt phép do true ti€p do sai bigt khdi lugng Am, ciia ching.
2. Phép do Amy, tit miu hai-lepton

Trong phép do nay, cdc meson va electron dugc chon véi pt > IGeV/c Né&u mét s6 lepton dudc
fim thy trén mdt ban cdu cho trudc, thi chi lepton c6 pt 16n nhit dugc gilr lai. M3i lepton dugc khdo
sat 1dn lugt d€ thu nhin thong tin vé thdi gian, va dién tich clia né dugc so sdnh véi dién tich ciia
lepton tim thiy trong ban cAu ddi dién dé theo ddi sy dao dong. Lepton mang théng tin v& thdi gian
phai lién k&t vdi it nha't hai va cham trong cdc 16p khdc nhau ciia Vertex Detector. Do d6, m&i phén ra
Z0 c6 hai lepton trén hai ban cdu d&i dién nhau s& din d€n mdt hodc hai phép do thdi gian.

Trong & liéu thuc t& ciia RUN I tai Fermilab, mAu hai-lepton dugc chon cho 1073 phép do thdi
gian k&t hgp vdi quan hé cling ddu, va 2151 phép do k&t hgp véi quan hé trdi ddu. 2055 muon va 1169
electron dudc chon bén bdn ciu do, v bén phia theo v&t chita 2057 muon, ciing véi 1167 electron.
Hiéu suit chon lvra clia Vertex Detector 12 (88 + 1)% d&i véi muon va (82 + 1)% ddi véi electron.

Phép mo phéng miu toan phén, bing 1, cho thdy thanh phin chinh 12 tif cdc phdn rd b bin-lepton
trifc ti€p. Ty 1& cla phan rd ha tdng (b - ¢ — 1) khodng 10%, va ty 1& cdc su kién hat ¢ cdn lai 1
nhd

Bang 1: Ty 1& thanh phéin cda miu mé phéng bén phia phép do tham s0 va cham

Ngudn goc lepton Ti ¢ tuong doi
b— 1 0.794
byc=s | 0.096
Céc lepton khéc trong chudi phdnrd b 0.030
Cic gid lepton trong chudi phdnra b 0.027
Céc hat dinh so cip trong bdn cdu b 0.015
¢ — lepton 1 0.033
u, d, s — lepton 0.005

3. Phép do thoi gian phin rd B ding tham s0' va cham lepton

Phép do Amd dugc riit ra tif khdo sit phin bd tham s& va cham thu dudc tit cdc sy kién hai-lepton
ciing d&u va trdi du: dinh sd cip dudc phuc hdi trén mit phing thing géc (R$) cho mbi sy kién biing
phép fit dinh 13p ¢6 chifa thdng tin so luge vé chim hat, trong d6 tai mdi budc vét déng gép 16n vao
gid tri x2 bj loai bd cho d&n khi khdng c6 phan déng gép ndo 16n hdn 5 don vi 2. Tham s va cham & -
ciia lepton dugc do di véi vi tri dinh s cip va 6 ddu thdi gian s6ng 4m hoic dudng phu thudc vao vi
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tri tuong ddi clia dinh sd cdp va phin giao nhau giifa lepton véi jet doc theo phuong jet. Gid tri t3 = &/c
12 bién nhay v6i thdi gian s& dugc diing sau nay.

D6 chinh xdc cla tham s& va cham dudc quy€t dinh bdi do chinh xdc cia viéc xdc dinh dinh thi
cip (x&p xi £50pum theo chidu ngang va +20pm theo chiéu doc)

Twong quan giita t5 va thdi gian thyc chinh x4c bi nhiu bdi ddng hoc phén rd va bdi phin bd
ning lugng cla meson B. D6 phén gidi thdi gian chinh x4c hiéu dung (t8 - tBtrue)/tBtrue c6 bé rong
70%, va 40% dich chuy&n v& phia cdc gid tri nhé hon do quy trinh hdi phuc chi dwgc thuc hién trén
mit phing thing géc. Hiéu suit nay thuc t& di dé khio sdt dao dong BdO chim.

Cic méu thuc nghiém vi md phdng bao gdm cic sy kién véi mdt phép do t8 trong mdt ban cau
don, va céc su kién vdi cdc phép do td trong ci hai bin cdu. Miu thuc nghiém chita 249 sy kién ciing
d&u va 455 su kién khic ddu v6i mot phép do; 412 sy kién ciing ddu va 848 sy kién trdi ddu vdi hai
phép do. Khi Amd digc dat bing 0.45 ps-1 trong phép md phéng, thi miu md phéng bao gdm 752 su
kién cing d&u va 1418 sy kién trdi dfu vdi mot phép do; 1407 sy kién cling du va 3032 sy kién tréi
d&u véi hai phép do.

4. Phuong phdp fit va cdc két qué

Phan b t8 thu dudc tir cdc sy kién ciing ddu dudc chia cho phin bé 5 tir cdc sy kién trdi ddu, va
phin bd k&t qud dugc xem xét nhu phin bd R++/+-( t8) (hinh 1).

C4c phin b8 R++/+- thu dugc tif thyc nghiém va mo6 phdng dudc so sdnh vdi nhau, ding phép fit
%2 chia khoan v&i Amd 13 tham s6 ty do duy nhdt. P8i véi mdt gid tri Amd cho trudc, trong phép fit
cdc s6 lidu mb phdng da dudc diéu chinh cho phd hgp v6i cdc xdc sut da tinh.

06 |

04 |

02

0 1 | 1 1 1 1 ] 1 1 1
4 B | 2 3 4 5 B g .- 8
tg(p‘?')

Hinh 1: T7 s6 R++/+- ctia phdn b6’ t5 thu dugc tix cdc sy kign cing ddu va trdi ddu khi cd hai
lepton déu cé pt 1on hon 1 GeV/c. Chdm tron ving vdi cdc sy kign thuc nghigm, tam gidc ung vdi
cdc sy kién mé phdng véi Amd = 0.47 ps-1. Pudng chdm ung vdi lj thuyét vé su trgn ldn dic lp
thai gian.
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Gi tri Amd thu dugc tir phuong phap nay 1a: Amd = 0.47 + 0.08ps-1, v6i %2 tudng ting 1a 7.5 d6i
véi 11 bic ty do. K&t qua fit cho cic thanh phan cla miu cing ddu dugc liét ké trong bang 2.

Bdng 2: Thanh phén cda miu cung ddu bén phia phép do t;

Loai sy kién Tilé

BUSH S T 0.121
BB 1 0.105
boc— [ 0.209

B khong tron 1dn, BX, A, — | 0.455
b—> gid | 0.032

Nhitng su kién khdc 0.078

Hinh 2: Biéu dién ti 1& cdc lién hé ciing ddu F,, dng v6i phép do Amy cudi.
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Hinh 2: T7 & F++ ciia cdc lién h¢ cing ddu thu dugc khi cd hai lepon cd pt Ién hon 1 GeV/e,
vdi sy dong gop tix nhiéu ngudn khdc nhau theo nhu mé phéng.

0 2 4 6 3

Tit hinh 2 ta c6 thé thdy ring sy ting thdi gian 1a gdy bdi cdc sy kién pha trdn BdO - BdO0, ddng
diéu ciéia cdc thanh phin khéc 12 phdng. S6 BdO pha trdn va Bs0 pha tron trong miu ciing ddu 12 twong
dudng nhau phi hgp véi Iy thuyét. Trong cdc biéu thitc nay fd va fs 12 cdc ti 1& tuong ng ciia meson
Bd0 va Bs0 trong mot jet b.

Vi cdc phén rd ha ting giéng nhu cdc phin rd BO pha trén, nén c6 mdt phin déng gop rit 16n tir
cdc sy kién b — c— 1. P6ng gép tir phin ri tryc ti€p b — 1 gin biing 50% i sy dao dong c6 thé x3y ra
trong ban cdu di dién. Péng g6p tif cdc loai sy kién khdc 12 nhd: b — gid lepton, chudi phanra b —

X — 1, cdc hat dinh sd cdp trong céc sy kién bb , va cdc sy kién quark nhe (udsc).

5. Khéo sat sai s6 hé thong
Sai s hé thong trong gid tri do trén dudc tinh biing cdch thay ddi cdc thong s6 lién quan cla
phép md phdng va thuc hién lai vigc fit Amd. Céc két qud dugc trinh bay trong bang 3.
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Bdng 3: Nhitng ddnﬁ_gép sai s0 hé thong trén Am,

Tham s6 Gi4 tri trung binh Sai s6 Anh hudng 1én Amy (ps™')

Thdi gian séng By 0.57 ps +0.05 ps F0.012
[hdi gian s6ng b toan

phin 1.567 ps +0.020 ps F0.003
f, 0392 +0.022 70.010
i 0.100 +0.022 F0.045
Br(b —I) 0.110 +0.010 F0.050
Br(b > c— I 0.081 +0.008 F0.046
Tilec— | 0.030 +0.003 F0.003
Ti 1& phong 0.034 +0.007 F0.015
" 0.50 -0.03 +0.015

Cong theo phép cdu phuong déng gop tir nhitng sai s& hé thong cho trong bang 3 ta c6 k&t qua:

Am, =0.47+0.08 (thdng k&) " 002 (né thdng) ps™

4

=
(=]
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—
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Hinh 3: Gi4 tri Amy do dudc d6i vdi cdc cich cit p, khdc nhau

6. Kétlugn 1
Sy dao dong doc 14p thdi gian Bd0 - Bd0 dudc do ti¥ cdc phin bd tham s va cham lepton c6 pt
cao cho k&t qué:
+0.09 2EE
=0.47+0.08 (thong k&)™ 0.08 ( thong)ps b
tudng Ung vdi:

+0.0600 }, -4
Amy = [3 09£0.0533 _ ;9533 )10 eV/c?

(©6)
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Ty = 1.57+£0.050 ps

Diing gid tri trung binh [10] ta dudc:
_Am _ +0.140
X4 —? = 0738i0101__00124

(7
MEASUREMENT OF AM, ON THE By’ - B’ MIXING
Nguyen Mong Giao, Mai Van Nhon, Hoang Thi Kieu Trang

~ABSTRACT: In the Standard Model (SM), the Bq” - Eqa (q = d, s) mixing is a consequence of
second order weak interactions. Starting with a Bqa meson produced at time t = 0, the probability to
observe a qu (or B,’) decaying at the time t can be written:

t
Pt -» B2) - o 224

P(Bﬂ - B—S)= L™ sinz(%]

T

where T, = , AT, =T} =T, Am, =mY —m%. L and H denote respectively the light and

heavy states. The oscillation period gives a direct measurement of the mass difference, Amy, between
the two physical states.

The time-dependent B, — Eqa oscillations have been measured from the distributions of high p,
lepton impact parameter gives:

Amgy =0.531F 099 (stat.) £0.078 (syst.) ps™

Using the averaged value T_, =1.57 £0.050 ps, this gives:

Am

L 7 +0.140
Xq = T - 0.738 iO.lOl_O.124
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