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1. Introduction: why do we care?

Nice test of our understanding
of non-perturbative effects in
QCD

One of the few unambiguous
theoretical predictions that are
"easy” to test experimentally
Theoretical uncertainty can be
estimated: precision studies
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\ How good are the theoretical predictions?
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2. Heavy hadron lifetimes

Not surprisingly, heavy hadron lifetimes were thoroughly measured...

average

lifetime 0
' t(H, ) (B)
H), pe (H,)f

RO 1.530 + 0.009 1

b hadron
species

®  World Average

Theory Prediction

T, It

At 1.638 + 0.011 | 1.071+0.009

g /g0 1.470%0.026 4 457 0.961 +0.018

Ty /Tg0 0.463 + 0.071

1.3830049 5048 | 0.904 +0.032

R Ebo mixture 1.42+0-28 g 4
C.Liu, FPCP 2008

b-baryon mixture 1.319°99%9 535 | 0.862 +0.026

Theoretical predictions? b-hadron mixture | 1.568 + 0.009

PDG 2008/HFAG 2008
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Theoretical framework

> Consider inclusive decay of a heavy hadron

hadrons

% h
B s h ? 1—‘hadron (Hb ) = /2 I_‘(I—Ib g hi )
3 all final state
h
This is NOT how we compute lifetimes!

> Use optical theorem to relate width to forward matrix element

M. Shifman, M. Voloshin,

1 1 .
T, (Hb)=W<Hb‘T‘Hb>=7b<Hb‘Imzfd4xT HY (x)H ()}, )
b
e
llcﬂ. (1 ’ I)E |(l()“ L +()()u & |+llL
\._
01 - =d;yuicp Y by, Q'z"d'=¢-'1_ Yuttyd; y'by .
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Theoretical framework

> What is the relation of I, to T

hadron
E. Poggio, H. Quinn, S. Weinberg,

M. Shifman et al, B. Grinstein et al

o ()= 3 T(H,~1)
all final state \ 5

hadrons
r . (H,)=——/(H,|T|H - -
' k( b) Mb< b‘ ‘ b> ([—[ ) ([—[ ) Quark-hadron duality
quark hadron

. (local)
> Notes aside:

1.  Compute T in Eucledian space and analytically continue to
Minkowski space [exact calculation in ES = exact result in MS]
2. Expand Tin agand "1/Q ~ 1/my": series truncation

3. Any deviation beyond "natural uncertainty” is treated as

violation of quark-hadron duality [resonances, instantons,...]
This definition is due to M. Shifman
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Theoretical expectations

> Assume quark-hadron duality: relate width to forward matrix element

r(H,)=——(H,|T|H,)=— —(H,[mifd"xT{Hy" (x)Hy" (0)H,)

oM, < oM, ¥

> This correlator can be expanded using OPE B _ o ,
I. Bigi, M. Shifman, A. Vainshtein, M. Voloshin,

X " | i : N. Uraltsev, A. Falk, A. Manohar, M. Wise, M.
> i \ Neubert, C. Sachrajda, P. Colangelo, F. de Fazio,

> ()= 3 W o )

my,

What are the results?

_
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Leading order

> Leading order (in 1/m, expansion)

Must include explicit spectator interaction to see the

differences in lifetimes of different hadrons... n = <H b ‘ bb ‘ H b> = <bb> s 1
H,

» Subleading 1/m, corrections? No!

(H,|bipb| H ) —Erdeton s (pf | m, bb|H, )

Dimension 4 operators are eliminated
through equations of motion
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Subleading orders - 1/m,2 corrections

> Subleading 1/m,? corrections

| X h Gémlf <gSEOW wa>H,,

—_—> R F(Hb)=192ﬂ;3 C3<Bb>Hb + Cs m2 )
b

WA
V\/
d N These matrix elements can be systematically

expanded in 1/m,

lD)zb ‘H (v >

~ L[ (#,)- w2 (1, )]+ O (U m ) “5(Hb)=—b<

<bb> “l-—
b Z(H )_L<H ( I; gSO‘ G*™ b )>
<gsw;wGpwb>H =2Mé (Hb)+0(1/mb) e b _Zm,f » \V v 2 uv v b

HQET matrix elements

u’(B)=(04+02)Gel?,

©(5°)=7(5") u? (B)-u2(A,)=(0.01£0.03)Ger?,
I(Ab) 1 2 2o Mz B =§ m>, —m?> )=0.36 GeVz,
)1t ) o)
C t -
+ m—ﬁ [Mé (A,)-u (B° )] o Is there anything else???
’ About 1-2% effect... "Natural” uncertainty: 0(A*/m] )~0.9%
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Subleading orders - main effect?

> Subset of subleading 1/m.3 corrections

G (W ;
()= Wf )<Hb\0,f’:° (W) H,)
;il; 0" = BLY w9z 5LY 'b,, Og = ERQL 5RbLa
b h —_ — — —
\ =bLY utaquLY MtabLa =bRtaquRtabL
fl..\ >< For the mesons...
b b / 1 f m 1 fzm
./ N 2m, (8,/¢°[8,)- BgB % %@‘QS?‘BJ: qu B,
1 fam 1 fim
Two intermediate quarks: 16x? enhanced o, <Bq Tq‘Bq>= b5 £, I <Bq‘TSq‘Bq>= B,"B, e,
. | B
... and for the baryons (Np|OF[ANp)= =BG OF|As)==rg mp ma,r-

(M)
*(5)

As a result:

L%
Alexey Petrov (WsuU)

16

=098~ (d, +d, By~ (dse, +d,&, )~ (d;B,

+d B, ) About 5-8%
effect?
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Effects of radiative corrections

» Numerical studies reveal “"accidental” cancellations:

TIBT) , o - |
= |~ 7(BY) [I(B]) - T(B")]
F N 2 , 9
MaZo | —— —_— - X
0.04 1.5GeV 200 MeV
[(I.()i().Q)Bl F01+0.1)By — (184+09)¢ + (1.04+0.2 ,E)]

> Radiative corrections can be quite large:

M. Beneke et al
C. Franco et al

Radiative corrections
enhance coefficients in
front of B;, ~O(1)

LA
YO, %
ale A
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Effects of radiative corrections

» Numerical studies reveal “"accidental” cancellations:
TIBT)
T(BY)

—1 = 7(B) [I(By) ~ I'(B")]

© N2 ) 2
Vel ( My )“ e .
.04 1.8GeV 200 MeV

By + (0.1 +£0.1)By — (IS4 +09)¢ + (4.0+0.2 iE)]

0.0325

> Radiative corrections can be quite large:

M. Beneke et al
C. Franco et al

Radiative corrections
enhance coefficients in
front of B;, ~O(1)

LA
YO, %
ale A
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Effects of radiative corrections

» Numerical studies reveal “"accidental” cancellations:
TIBT)
T(BY)

—1 = 7(B) [I(By) ~ I'(B")]

2 .
Vel ( My )2 e
.04 1.8GeV 200 MeV

By + (0.1 £0.1) By —

3]

0.0325
e+ (10402 iE)]

> Radiative corrections can be quite large:

M. Beneke et al
C. Franco et al

Radiative corrections
enhance coefficients in
front of B;, ~O(1)

LA
YO, %
ale A
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Spectator effects: punch line

> Look again at 1/m? corrections % ~

weak annihilation/scattering Y trs
occurs for the bound quarks! AN

><

Z %23 % 098 =m; (¢ +d; B —m [(die, +dze, )= (4:5,+ i, )

= 0.98-m} (d +d;B ) —m}, [(die, +die, )~ (d; B, +d;B, )|
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Spectator effects: punch line

> Look again at 1/m? corrections % ~

><

weak annihilation/scattering Y trs

occurs for the bound quarks! AN
“(A) o m} (di +dy B Y —m; [(a’;*el +die, )-(d:B, +d;B, )] "
T (BO ) |

= 0.98—m; (di +d;B ) —m, [(d;el +d;e, )-(d:B, +d;B, )] 0.89

Hint: go to higher order in 1/m,!
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Spectator effects: punch line

> Look again at 1/m? corrections % ~

weak annihilation/scattering Y trs
occurs for the bound quarks! AN

><

0.91

0D ok 1 B (00, (58

= 0.98—m; (di +d;B ) —m, [(d;e1 +d;e, )-(d:B, +d;B, )] 0.89

Hint: go to higher order in 1/m,!

> Can this set of corrections change anything? Look at it once more...

)~ PO Pl - -0 (e -5 )

Weak annihilation Pauli Interference

2

Via

Ver
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Spectator effects: punch line

> Look again at 1/m? corrections % ~

weak annihilation/scattering Y trs
occurs for the bound quarks! AN

><

0.91

Z %23 % 098 =m; (¢ +d; B —m [(die, +dze, )= (4:5,+ i, )

= 0.98—m; (di +d;B ) —m, [(d;el +d;e, )-(d:B, +d;B, )] 0.89

Hint: go to higher order in 1/m,!

> Can this set of corrections change anything? Look at it once more...

P0) - S OR I W i (20 (-5 )

Weak annihilation * Pauli Interference

2

Via

Ver
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Subleading spectator effects

» Compute subleading corrections to spectator effects

i
H, )=—F(H H b b
spec l/m( ) 2M < b Spec l/m‘ > % \
> Expand T, 1/, in the light-quark momentum >I<
and match onto operators with derivatives... . m . /
T;;ecl/m_ wAE +C§ 1 Rlu_clczl-l-zﬁil / h\
. 8z° . 21+4z+10z> 4 2 . .
T.';ec,l/m = Clz ll—ZRg +§ ].—Z Rld +§(1+22)(R2d _R3d )]
+(Ncc12+2clcz) 82” Eg'+gl+z+102 Ef +— (1+2z)(§?—§§' ,
-z 3 -z
y (1622 . 21-2z4+162> . 2 L
TS =, ll—4zR0 R +§(l+22)(Rz >
+(N c; +2clc2) &Eg ¢ 21= 2241627 R += (1+2z)(§§ “R: ). ‘
1-4z 3 1-4z

Alexey Petrov (WsuU) 13 CKM-2008, September 9-13, 2008, Rome




Subleading spectator effects, cont.

> ... with the following set of operators...
1

Roq=W5iYMY5D°‘bﬁjyu(l—ys)Daqj, ) ; h

q 1b_ n ap u u \

R =—by (1-v5)Db,q v, (1-v5)Dyq,, >.<
b
1 u

qu =m—§giyu (I_YS)Dabi nga (I_YS)DMqJ‘a A k/(‘\_\:\ /

m _
=—1p; (I_Ys)bi q; (1_Y5)q/"

m,

> ... with explicit power counting after taking matrix elements

2 3 ny
/jl y ) mB/ / q \——/ q | / I 2 b —
/ i\ — R A =2 2 _Td (NLIRYIN ) == (N, |RS|N, =—=famym, | ——1].
( BqIR‘I|Bq )= Bqu(l |Bq.‘,.‘ N = 2;\’(_"”«/’””@ mi I, . hl 1 I b . iI I| E 247 BB A ,”12,
5, , _ B, . my
B |R5.|B, )= / (myg —mj), (AL RN == (A, RYAN,) =— ——12 Limt —m}),
ql 2.3| q/ 4\ B I! b ‘ [rI 2| b \ I| 2| b/ 48”1,2,'/3‘””_\{‘ \p my,
- R
. , B3 , 2 2 (A RN,y == 3 =- Ps, \,[REIA
{ Bt/l R‘Z{.,\IBq;‘ == T'/Bq' mpy, = mj), \ ”l -*I b ABIILS /}2‘ ol RIIA)
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Subleading spectator effects

> As a result, the lifetime ratios become...

0.9‘4 i T T T I T T T T I T T T T I T T T ] 1.100 : T T T I T T I
0.02 ;—,- ------------ ._: LO7S[°
~— -~ ™,
é'; [ ] m 1.080 —,
\l:‘. e - \E:h :
> pe ] ~ 1025
2 [ . 7 C
g ossp 1 £ :
& : ] b 1Looof
0.88 — -
///_i 0.976 N
ST R T T S RSN S TS S TS . | | |
4 8 B 4 8 B
i (GeV) u (GeV)

Dashed: LL, dash-dotted : pQCD NLL, solid: pQCD NLL + subleading spectator corrections

> The effect is negligible in meson ratio and is about -(2-4)% in
baryon-meson ratio

v no cancellation b/w WS and PI (enter with the same sign)
v’ reduces baryon/meson ratio

» How "good" is this expansion? Let's estimate next term in 1/m...

[ L S LA S VNS S D
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Estimate of higher order effects

» Let's estimate convergence of expansion

P PO RN

» Expand one order further and add background gluon operator
contributions entering at this order...

X

F. Gabbiani, A. Onishchenko, A.A.P.
Phys. Rev. D70, 094031 (2004)
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Estimate of higher order effects

> .. as aresult, we get a collection of operators...

P

o o [mEl4z 8~ ey 21424, 8 .

mil—z mil— (1—2)?
10 v
Co[mR a2, w4 m‘,2(1+2~) __Grvf 2P ] i 4 ga2
i _q[mﬁ 1—=z of + m3 1—:-0“2"+ mi 3 of 7;“’“’(" T m { [(1 AP = (1= 2B 4 2 =B 4 4 Pf]
5 2(gy — P ) , el 4 appl
+4”(1('_"w.)2")n'f’ +8“(1(4“ Dyt 4 18: - (w¢ —W;’)] 120100 |(1=2) B + (L= PF +2:PF + 2P},
(\ccz+ ) md-1+ +LO +ﬁ 422 O -1723-2(1+2:)Od-
mg l—z ' omfl—z? mf 3 * : G| Ve e :
T =——E2 {2 [(1 - 2P — (1= 4P + 2P + 4P
42* (4,.—0)‘ @ 8% (42’—-)‘74' 82 (v _ e e ‘LWVI_J‘J{ [ ]
= =g T () , ,
+aeicz [P+ B + B + P}
5 myl—2z +ﬂ 82 mf2(1+21)0
Ymd = 2 T =g mil=4z % mf 3 *
822(162=5) o  162%(102=3) . 1622 o o ]
A "t o (W)

. . ﬁl—l: = m2 82 = &52(1'*'2:) s
+ (‘\d?z +201€2) [-m-ﬁ T Of + = 4:02 + mE 3 O3

2(10)» F. Gabbiani, A. Onishchenko, A.A.P.
16.«. (10-« - 3) ‘T—s’ + ].G.a. (‘i_f _ ‘i_sz)
(1—4z)2 2 1—4x V'3 - Phys. Rev. D68, 114006 (2003)
Phys. Rev. D70, 094031 (2004)

> ... so estimating their matrix elements we obtain the answer!
v Problem: oo many matrix elements for meaningful answer
v Solution: generate random values for parameters/matrix
elements (+30% of "factorized” value)

LT K A M IR T IR S e e T T S N T
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Lifetimes: results

800 TTT TTTT UL LU TTTT T LU TTTT TTTT TTTT TT T TTTT TTTT TTTT TTTT TT
ET | I | HET I | | ERS I | | [
* The expansion appears s00F- &) = E b) B g
well convergent for b-quark a00 - =l = 3
200 —E — —E E —E
Lifetime ratio Measured value Predicted range ol il Dl Bl L I R SV I T -
T(B+)/T(BO) 1076 £ 0,003 T01 103 0.75 0.80 0.85 0.90 0.850.75 0.80 o.js 0.90 0.95 0.5 0.80 0.85 0.90 0.95

. . . A B
7(B°) /7(B°) 09504 0.019 099101 7(Ab)/7(Ba)

7_(‘\4_12)/7_(B0) 0'912:’:0.0:32 0.8670.95 EIIIIIIIIIIIIIllllllIIIIIIIIE Elllll[llllllIllllllllllll[E E1IIIIIIIIIIllllllllllllllllE
w00/~ a) “Fb) Fo E
s00 == — =
| ®  World Average ggof_ _f E_ f_ f
heoryPrediction :|| ||||||||||||||||| o ::||||| |||||||||||| L1117 :|||| |||||||| |||||||

B 1.04 1.06 1.08 1.10 1.12 1.02 1.04 1.06 1.08 1.10 1.02 1.04 1.06 1.08 1.10

_ o 7(B,)/7(B)

B BOOE"" IIIIE : |I|| ||||5
i —.— g /g0 600 a) —F b) —F ©¢) -
i 400 F == =
g/ g0 g 1E 1E .
L <00 [— e - —
I I I I I O:IIII|IIII|III |l II|II|I 1 : :IIII|IIII|III |I II|I|II 1 : :IIII|IIII|III |II I|IIII 1 :

l0.8l — '0_9' — '1.0' — '1_1' — '1.2' 0.940.860.981.001.021.04 0.940.960.981.001.021.04 0.940.960.98 1.00 1.02 1.04

T(Bg)/7(By)

% "Ap problem” is no longer a problem...©

* ... but what's with the Bs lifetime? F. Gabbiani, A. Onishchenko, A.A.P.
Phys. Rev. D70, 094031 (2004)
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3. Mixing in heavy hadrons

Mixing parameters are sensitive probes of new physics

1.5 T | INLALILILIN LU N LI L L L

| | excluded area has CL > 0.95 |1 % .
- e
i Y ° ]
1.0 2 & =
- : Amy & AmMg -
Amg
10~ i &
~ fitter é ’Y sol.w/cos2Bp<0
= ICHEP 08 0 (excl. atCL > 0.95) —
_1 5 B | N T | l | N T | I 111 I | S I | I 111 I | N ]
-1.0 -0.5 0.0 0.5 1.0 15 2.0

p

Theoretical predictions?

LT S A S VNS S D o

Alexey Petrov (WsuU)

% Time development of Bs system

(2w ) =[], (56)

% Mixing parameters (concentrate on Bs)

4R6 (M12F>{2)
AMp.

AMp, =2|Mys|, Alp, =

+ NP in phase of AMgs:
Al'p. = 2|'12] cos 2¢,
+ “direct” NP in Algs: arQ(Mu)

ATp, = ATEM + AT} " cos 24!

arg(Flz)
CKM-2008, September 9-13, 2008, Rome




Standard Model contributions

Both AMgs and ATss can be computed in the limit mp— o:

. b u,c,t s
AMBS. :%:%: | |
X . -
s u,ct b A.Buras, M.Jamin, P.Weisz

. G%“MBS 2 *\2 A 2
Mi2(Bs) = 192 My (VieVig)™ 8So(2¢) f5, B
S
ArBs: i
r: b
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SM contributions to Al

AT gs: similar (to lifetimes) calculation yields:

Tn(B)= — —CEMb vy 2 [F(2) + P(2)] (Q)
21\ s/ = 127(2Mp )" ¢
+  [Fs(2) 4+ Ps(2)] (Qs) + 61 /m + 01 /m2]
. \ . - o o
* ... with oper'a‘ror's WC (incl. pQCD corr): Beneke et al, Ciuchini et al

1+ Ne .5 . 5
Mz B
N, st B,
1-2N, M}
N, (mb +m5)

Q= (bisj)v—a(bjsi)v_a, Qs = (bis;)s_p(bjsi)s—p

Q= (Eisi)v—A([_?ij)V—A, Qs = <Z_7i3i>S—P<Z_7j5j)S—P } Q) =2

(Qs) = 5 /5. Bs
% ... so the result (up to 1/mp?) is:

Al'p

S

{0.0005B + 0.1732B5 + 0.0024B; — 0.0237B2 — 0.0024B5 — 0.0436 B4

4+ 2x107%a;+4 x 107 %as +4 x 10 %3 + 0.0009a4 — 0.0007 s
+  0.00023; — 0.000285 +6 x 107°85 —6 x 10726, — 1 x 107255

X108 +1x 1078, +1 x 10—558} (ps~1).

A.Badin, F. Gabbiani, A.A.P.

Phys. Lett. B653, 230 (2007)
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SM contributions to Al

AT gs: similar (to lifetimes) calculation yields:

2,2
Grmj

I (Bs) = — Ves)? [[F P
21(By) By Vave) [FE) + PR @
+  [Fs(2) 4+ Ps(2)] (Qs) + 61 /m + 01 /m2]
. \ . - . e
* ... with oper'a‘ror's WC (incl. pQCD corr): Beneke et al, Ciuchini et al

Mz B
N /5. M,
1-2N, M}
N, (mb +m5)

Q= (Eisi)v—A([_?ij)V—A, Qs = <Bi3i>S—P<Z_7j5j)S—P Q) =2
Q= (bisj)v—a(bjsi)v_a, Qs = (bis;)s_p(bjsi)s—p }

(Qs) =

5 /5. Bs

% ... so the result (up to 1/mp?) is:

Al'p, 0.0005B 0.1732B4 + 0.0024B; — 0.02378B, — 0.0024B5 — 0.0436 B4

2x 101 +4 x 10 %ay + 4 x 10 2a3 + 0.0009a, — 0.0007as
0.00023; — 0.000282 + 6 x 107°083 — 6 x 10726, — 1 x 107° 35

X108 +1x 1078, +1 x 10—558} (ps~1).

A.Badin, F. Gabbiani, A.A.P.
Phys. Lett. B653, 230 (2007)
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SM contributions to Al

AT gs: similar (to lifetimes) calculation yields:

2,2
Grmj

I (Bs) = — Ves)? [[F P
21(By) By Vave) [FE) + PR @
+  [Fs(2) 4+ Ps(2)] (Qs) + 61 /m + 01 /m2]
. \ . - . e
* ... with oper'a‘ror's WC (incl. pQCD corr): Beneke et al, Ciuchini et al

Mz B
N /5. M,
1-2N, M}
N, (mb +m5)

Q= (Eisi)v—A([_?ij)V—A, Qs = <Bi3i>S—P<Z_7j5j)S—P Q) =2
Q= (bisj)v—a(bjsi)v_a, Qs = (bis;)s_p(bjsi)s—p }

(Qs) =

5 /5. Bs

% ... so the result (up to 1/mp?) is:

AT, (0.00058 @ 0.0024B; — 0.0237B; — 0.0024B; — 0.0436B,

2x 101 +4 x 10 %ay + 4 x 10 2a3 + 0.0009a, — 0.0007as
0.00023; — 0.000282 + 6 x 107°083 — 6 x 10726, — 1 x 107° 35

X108 +1x 1078, +1 x 10—558} (ps~1).

A.Badin, F. Gabbiani, A.A.P.
Phys. Lett. B653, 230 (2007)

+

NSEARE T AIITAL Y TR L Tz

LT B R M TSR IR £ S e M T e S S T
Alexey Petrov (WsuU) 5 CKM-2008, September 9-13, 2008, Rome




SM contributions to Al

% Varying unknown parameters:

Events]
3000

2500- * Old 1998 result:

1500

AT, fo. )
= s . B 150 Be — 0.
(I‘s) (210MeV) [0.006 B + 0.150 Bg — 0.063]

1000

500

M 1 e - Small impact of 1/my? corrections
003 006 009 012 015 018 ArL,ps’
- Large dependence on Bs Il
% Change LO operator basis:

Q = (Eisi)V—A(Eij)V—A: Q = (Bisi)V—A(Bij)V—A:
Qs = (bis -> Os = (bis;

i)S—P(Bij)S—P-

Ry = Qg + 1 Qs + %Q
O(1/my)

Idea: try to avoid accidental cancellations in perturbative coefficient of B
A. Lenz, U. Nierste, JHEP 06, 072 (2007)

[ L S LA S VNS S D

L IS M TR T IR £ S e N T O U N S T
Alexey Petrov (WsuU) 4 CKM-2008, September 9-13, 2008, Rome




SM contributions to Al

% Varying unknown parameters:

Events]
3000

% Old 1998 result:
M.Beneke, G.Buchalla, C.Greub, U.Nierste

2500
2000

1500

AT, fo. )
= | —=— . B 150 Be — 0.
(I‘s) (210MeV) [0.006 B + 0.150 Bg — 0.063]

1000

500

M 1 e - Small impact of 1/my? corrections
003 006 009 012 015 018 ArL,ps’
- Large dependence on Bs Il

% Change LO operator basis:

Q = (Eisi)V—A(Eij)V—A: Q = (Bisi)V—A(Bij)V—A:
Qs = (bis -> Os = (bis;

i)S—P(Bij)S—P-

~ «
Ro=Qs +a1Qs + 7262
O(1/mp)
Idea: try to avoid accidental cancellations in perturbative coefficient of B
A. Lenz, U. Nierste, JHEP 06, 072 (2007)
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SM contributions to Al

% Result in the new basis:

A. Lenz, U. Nierste, JHEP 06, 072 (2007)

st 2 o/
AT, (72 oMV [(0.105 + 0.016) B + (0.024 + 0.004) By
— ((0.030 £ 0.004) Bj;, — (0.006 = 0.001) By, + 0.003Bg)| ps™*
_ [ B Bpg A
¢ o= |(9.7£1.6)4+0355 403" Im| %) 1071
afs _( 7 ) + B + B :| m (At)
[ B, B A
+ [(0.08£0.01) +0.02=5 + (0.05 £ 0.01) == [ Im | 5% ) -107*
B B At
AT, [ B,
N A _(46.2 £4.4) + (106 £1.0)

B
— ((13.2 +1.3) 22 _

B B

% Assuming no New Physics contributions to AMes:

AT, = ( Ar, )Thcory AME*® = 0,088 + 0.017ps*
s = \AaM, s =0 P
AFFS = ATl - 75, = 0.127 £ 0.024.

Notice shift from the old result:

[ LT S LA S VNS S S D

Alexey Petrov (WsuU)

(2.5 + 0.2)% +(12+ 0.1)@)] .10

Contours of Aflogt) = 0.5

"E 0'4;‘ IFI;av;Jr:Sbelciflic - I L
Q. : T{B2) HFAG
= 02| ]
0.2 ‘ Direct 1
r Measurements 1

0.1 ' Theory
0‘ Combined 1

—0.}

-0.2f . . - d
1.2 1.3 14 1.5 1.6
as/my effects? 1T [ps]

CKM-2008, September 9-13, 2008, Rome




"Direct” NP contributions to Al

* since Algs is known relatively well in SM: constrain NP contributions!

1 (—SM  —NP 1 —SM 1 SM —NP
= An + An XASM + ANP = An ASM +— (n ANP + An ASM )
y E pn n n ) 2r 2 pn n 2r 2 pl’l n n

AT 1 _
B - (B,|ImT|B,) , where
I'p, Inp Mg I',
T _ /d4£ET(HAB 1( )HAB 1( ))
AI'/T
* For example, for the Left-Right Models: _0_05_//
-0.10
Al'p, s V*(R)V(R) 2k2 GFmsz\/l 4z, ""/;;:1.5
I's, |1k TMpl'p, -0.154
My 0204
" ( (R>> [C1(Q2) — 2C2(Q1)]. k=2
MW
-0.25
A.Badin, F. Gabbiani, A.A.P. ‘ gr = RYRr
PhyS. Lett. B653, 230 (2007) -0.30 T : T T T ' T ’ T
900 1000 1100 1200 1300 MWn
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Conclusions

> Calculations of lifetimes and mixing parameters of heavy
mesons and baryons are quite mature

- 1/m and 1/m? corrections to spectator effects in lifetime ratios and
mixing parameters of heavy mesons and baryons are calculated

- perturbative QCD corrections to leading effects are done (including
“hybrid logs")

> Reasonably good agreement between theory and experiment
- "short lifetime problem” of Ay no longer exists

- some disagreement on Bs lifetime (experiment?)

- it appears no duality violations are needed

- it appears that 1/m-expansion is well convergent here

- Bs mixing: is there New Physics in arg(M2)?

- additional input from LHC experiments/Super-B AND lattice?

» Can constrain some NP models from measurement of lifetime
differences in heavy mesons (both Bs and Bqg)

Alexey Petrov (WsuU) 1 CKM-2008, September 9-13, 2008, Rome




WAYNE STATE noranno
UNIVERSITY DETZ00Y

Meeting of the Division of Particles
and Fields of the American Physical
Society (DPF 2009)

July 26-31, 2009, Detroit, Michigan

The 2009 Meeting of the Division of Particles and Fields of the American Physical Society
will be held on campus of Wayne State University in Detroit, Michigan.

http://www.dpf2009.wayne.edu/

Please consider attending!!!

NSRRI AIIYEAL | LI L LT K A M IR T TR S e T T S T
Alexey Petrov (WsuU) CKM-2008, September 9-13, 2008, Rome


http://wayne.edu/
http://wayne.edu/
http://www.dpf2009.wayne.edu
http://www.dpf2009.wayne.edu

