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The Heavy Quark Symmetry (HQS) (isgur, Wise)

Heavy-light mesons Qg (as B°(bd) ) and baryons Qqq (as A l(bud))

* Hadron lenght scale : Fj; ~ l,f:'hg{."ﬁ
e TE _.""Lli]-t:'f_r — }I..lﬂ;:l <€ Rf‘.‘n’!-ﬁr
* Heavy quark Q lenght scale : 3'1{3 i 1;‘;?”’{3

&(} Heavy quark Q and light cloud (light g, gg, g’s and qq’s) : soft gluon interactions ( ¢ ~ .ﬁg{.f_] )
— Quantum numbers of Q probed by hard momentum transfert ( r;ﬂ > ?rr'i;. , weak bosons, g’s)

= HQS mg — oc : Q static colour source

M Light cloud insensitive to the spin S, and to the flavour (m,) of the heavy quark Q

Soft strong interactions preserve:

- Heavy quark spin Sp = 1/2 L : orbital angular momentum
s¢ : spin of light cloud
sy =1/2 for mesons
{ 5S¢ =0 or 1 for baryons

- Total angular momentum of light cloud 7 = L & sp -

—

&D Hadronic states classified according to spin j and parity P of the light cloud (j°)

Mesons: P = (—1)F+!
Baryons: P = (—1)"



* Spin symmetry : only E,,,., contributes = relativistic effects (colour magnetism)

vanish in the HQS limit m,— oo : decoupling of the heavy quark spin S,

* Flavour symmetry : light cloud does not depend on m,

&() Spin-flavour symmetry U(2N,) of QCD (N, heavy quark flavours)

HQS m,— oo : Bound-states Qq and Qqq differing by spin S, and mass m, of the heavy quark Q

— have the same light could configuration j°

— for j = L & s¢ fixed : hadrons classified into multiplets with J = j & So

. , 1 JP=0": D
* Meson ground-state doublet (L=0: D) ;" == . ( )

* Meson excited doublets (L=1:D") ;" =

 Baryon ground-state singlet (L=0) ;*” =0 .

* Baryon excited doublet (L=1) ;" =1 . (



The Heavy Quark Effective Theory (HQET) (tichten, Hill, Grinstein, Georgi)

HQsS : symmetry of an effective theory of QCD when mg, > Aqqp

— Separation of the large- and short-distance Physics

’ | el , , . residual momentum k ~ A (dynamic)
t on- : ~ = Ps= +
eavy Qalmost on-shell : pg” = Mg” = Pg=MqV { velocity v as an index (kinematic)
— Heavy quark field : Q(x) = ¢ " *[h,(x) + H,(z)]

* h, annihilates a heavy quark with velocity v

* H, describes fluctuations around p,?= my? : cancelled in the effective Lagrangian L,

1
(kin (mag)
LEJ:J.- — LHQET—F‘} ( Ly 1 + L] q)_|_0{ )
_?HQ ??]!Q
[ : |

_ o~ ; ] 1
= h,iv-Dh, + L (fs!.l,'f[}_ :}‘)h!. - ‘F‘;—'f-;.l..r_nu,G“"’ht,) + O(—= =)
2mg 2

/ 4 \ ?TEQ
e Lagrangian-type corrections : residual kinetic energy spin interactions

of Q with the gluon field

EFFQQIH |! /ﬂT ?T{j”{]};{ﬂ } |Hr

| H): eigenstate of LyogT

(H' | Juger(0) | H+6H) = (H' | Juoer(0) | H) +
| H+0H) : eigenstate of L, ¢

e Current-type corrections :

2mg, 2m.
Heavy quark current : Juqger

l 1 —(e) .= : ]
J=eb=h"Th® + ~5Ti ph® + 5 }agprh{bwo(@)



HQS : form factors = universal Isgur-Wise (IW) functions (large distance Physics of light cloud)

° E o D["‘Jf_ﬁﬁ: (L:O)
6 form factors — the leading elastic (1/2- — 1/2°) meson IW function : &(w)

. 1~ c 1 .
(D@5 )() | BTAY | B(5 )W) = —&(w)Tr{D)I'B())}
2 2 -2 )
My + My, — 4 ) )
: 2 measures the change in velocity of the heavy hadrons

]

Recoil :ww=w-v' =
2mg.m H;
=1= H;is at rest in the rest frame of H; (max. momentum transfert to leptons)

zero recoil : w,;, =
ﬁ{u’), B(v) :4x4 matrix valued-spin wave functions (Falk, Neubert)

° E - D**E]T[.- (L:l)
14 form factors — 2 transition IW functions (1/2° - 1/2%) Tlaag{lr_‘\} and (1/2° > 3/2*) T3,2(w)

(D(5 )(@') | By Th® | B(5
(PG \f“?)f KO | B () = V(o) Tr {0, D (o

i f"lb —3 flcfﬁf (L=O)

6 form factors — the leading elastic (0* — 0*) baryon IW function |&a (w)
(Ae(t/, ') | BETRY) | Aglv, 5)) = Ex(w)Tn, (v, )T Un, (v, 5)
J) up, (v, s) : physical spinor ( Ty (v, s)uy(v.s) = 2my )

C"[;‘

HQET heavy baryon spinor : Uy, (v. s) = (1 - O(



HQs : model-independent normalization £(1) = £4(1) = 1 (CVC)

B, A, semileptonic decays — exclusive determination of |V_,|

Bound-state effects of strong interactions parametrized by form factors F'*/ (w) G (w)
dl'(B — DW¢w,)

@ a | @DV Fw)
) dw = Ky | Ve |°
L (w? —1)%2 | F(w)

Measurements of |V, | ¥ (w) = Extrapolation at |V,

i - experimental imprecision
7 . hadronic f. f. uncertainty

F*(1) = ngep[¢ [1a~|>{5f ] =0.92740.024 = |V, |epu— (38.7+ 1.1) x 1073

—_—

-1 N Latice (unquenched) (| Vib liner.= (41.5 = 0.7) x 10~ via OPE )
Model-independent derivation of [V_,| !!

LAY — ATe7,) ~ 5% Tevatron
dL(Ay — Al (Ay — ATV =~ 5% (@ )

* dip = =kp | Vo |* (w? = 1)V2 | Gi(w) |2 F(’AE — A0 Uy + anything) ~ 10%
LHCb will study dI'/dw in detail
1(w) =& lw) + ( L ) — LRE () + Afw J Gi(1) = 1448,
2my 2me) lw+ 1 m{:, LiMig
Current-type correction Lagranglan-type correction A(1) =0
(instead of 2 subleading meson f.f. !) (instead of 3 subleading meson f.f. !)

.3 'y
—_ 1 . 1 :
AN =my, —mg+O(—): light cloud energy  £i(uw)=1-p; [u = ) Ay — 1) f—_‘: slope
) mQ 2 o3 :curvature



HQET Sum Rules (SR) and the leading constraints (Bjorken, Oliver et al.)

Ap(v;) — AM (') — Ay(vs) non-forward transition v; # vy (Ulratsev) = general SRs

T-product of 2 heavy-heavy currents (J; f =70, ;b)) 1 i /d*re—f‘?'x(ﬁburf) | T{J;(0), Ji(z)'} | Ap(vi))

« intermediate charmed A'™ states HQET SRs :
; ' . PP
J=j+1/2 with { ;=1L | L fadrons (Wi, wg, wif) = Rope(w;, wy, wiy)
_P: [:_1]L ! !
_ (Wi=vi-v , Wp=vp-V , Wif =V Vy)
» Operator Product Expansion (OPE) | (in a certain domain, e.g. w, ; > 1)
— vector ( ri,f :}’--" ) HQET SR : ( w; = Ws = w )
. 2 (L1)? (2L — 2k)! : O, ¢ o
A TR L0 . x i o2 gz2ke 2 L2k
Enwig) =2 _ D [“L {-“"]} 2 D CLRIE — R —2m @~ 7w —wir)

L>0 n>0 0>k>L

f,—f'i""(-u:} : 0*— LP baryon transition IW functions

« the derivatives of &, (w) : (—1)?£\P (1) > 0 is an alternate series in powers of (w-1) (Oliver et al.)

e the slope of &a(w) : p3 = 0

A+ (o)

e the curvature of & (w): o} = =[p

ot wo

| pA2— O0impliesc,2—0




Lagrangian perturbations of the semileptonic decay of the A (preliminary)

1 dl(Ay— AL D)) G| Val? ,

hm = mia (ma,— 161 P (@ LHC
w—1 /2 — 1 daw Ar? A (A —my, R o)
. 1 (1)
HQET : axial-vector form factorat w=1: | Gi(1) "=1+4, J:?
_ 1 L X 84 | (AP | A | A |2
| ! l: 4 — T B e
| G1(1) [F=1+4 H_gm,_ e ) " 3 2m, 2my Z dm,wma > intermediate states j°= 0%, 1*
(kin)(Q) () | A - (o 2, (Q)
a) residual kinetic energy of Q : _ {Ae() [ £ (0) [ Ag(v)) _ {Ag(v) | 7> (iDL)*HP(0) | Ag(v))
2??1AQ EmAQ

(Q almost on-shell)

b) kinetic part «;" of the Lagrangian correction-type subleading axial form factor A(w)

A(w) Uy, (v, )T Un, (v, 5) = (A0, ’)|-at/ =T {h, Th®(0), L™ (2)} | As(v, 8))

(n) (. (n}) - (kin) A (o - . . .
Alw) = lz w) A (o) [ L1 (O 1AM ) jntermediate states A (jP= 0% because o)
F.‘-;—J-U ?n..'tj,m B nl‘ifl 'lTHMmm

(0* > 0%) IW function £\ (1) =1 but &/""(1)=0 = | A(1)=0

_5{{:1}_,::-—1{ . JT: Lo }JJFE[ - r .[44;(.1}]2
Img = 21\ 2m,. 2my 3 2m,. 2my 5 2m.  2my gi — %Lﬂi + (P2)’]

strong correlation between
the leading f.f. £\ (w) shape and the subleading f.f. A(w)

P2~ 0implies A’(1)—» 0




The kinetic Lagrangian-type subleading axial form factor A(w) from QCD Sum Rules
(Grozin et al., Dai et al., Wang et al., Korner et al.)

2N/T
e . .
Alw) = — e [J(u;) _ gﬂ(w)J(l)] — A (1) =0imposed in QCDSR (&4(1) = 1)
J(w) = - 4 o [“r_‘ dufev/T o M99 mii (g ) [3+ ??m{ 2 1}]€ WH‘HU (G (1 T 3 0 4 8P L A
: 2’.«'1"1,]'_' +1 j 1 " J T 4'}12 + ,3 %ﬂ‘ 1 1 (...'U. + o + 4w —.-JJ
1 4 1 Ve . (ﬁ@z _md TE (& G2>
2 M g5 v /T ) .t ) ?‘Jg s
Decay constant : [“¢ (2) % /D dvv’e =€ + 2rF 16
A'(1) when .l:li — 0]
- continuum threshold 1.8 < v < 2.5 GeV
0.20f
; gualitative Borel stability window T =~ 0.3 - 0.6 GeV
0.15f | _
: S (Gq) = —(0.24 £ 0.01)* GeV?
0.10f _
: (2562 = (0.012 £ 0.004)* GeV*
: . 1‘(.‘:2.15 i m
0OSE " mg = 0.8 GeV'?
: ll'E:I:I'E‘ L L L 1 L L L L 1 L L L .. _| ]’
04 0.5 06— 07

* compatible with model-independent HQET result
[0 — omzoman] compatible p Q

Py —0

* HQET constraint must be imposed in the QCDSR calculations



