M. Brief Encouuter with Heey-Quade Effechive Theory
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o  exawple of o two-scole problew:
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Congtruchon of HOET:

Step 1@ pull ok o phese factor correspou\&ua o He
‘thokic’ momettuw mg '6", ond sput wp the
k- coupoueut Dirac gpinor Y, ko dwo
"2- Cousponend  epinors: oy nonedue, K
1tg v-x
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Step 3:  simplify the Dirac shructures
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Step k- iw+t3re.;"c, put ”Hﬁlx—fmqu% Mo&e“ (w~ mg)
corre,spomAA‘wa o hosd q,umd'wu Muad%oue

—  field Hy has mots Img, while £, & wossless
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come, bods 4o havd 3(,\:.0«\ effects later



o fuuckowal deter mikost A g i .(muar:a,w\-, aud
emluw\'lu.a W "-\-meomL" Jasde v.A; =0 dhows
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b = Trdw (-2mg - 49.3)
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This leads e local effechive Lagmxgim:
- { = {
£::“' = &'V 'fn)-])s &v + T 2‘"0’ 1'/205:1, usl gno’ + O,(—\;_)

(H.Georgi: PLE 240 (1330) 44%)
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is power- suppressed relahve to tue Gead hy.

New sxw»w\-rie,s, o{' QD w Hee MX-M Luat (ma-»,oo)t
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—  wdepadad of the Weay-quark taags (mp) avd
sp'w\. (wo Dirae teotrices) .
SU(2ng)  epin- flavor sty

(N. Tequr, M.B. Wise: PLB 132 (1993 ) 443
w 22¢ (4930) 52?)
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Tuplicohons for spectNoscopy:
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1+ (£1%)

142 MeV

4, Mel

coekfioands for the %ﬂ&s\zn&u focwes |, buk Lovendr
Wwosionce  ewsues tuok tue luuehe operofor 16 wot
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(E.Eichten, B-R.Hill: PL® 243 (1490) 423 )
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HRET Powes cou-wl'h‘v.j :

T+ s webul 'l'o derive cow.hv.a vules 1w te Haer Q%pa-hslow
porameker N = —<<1 ‘0'3 ‘prmaswﬁ ol Apmu,smmﬁu(.
quwhhes i powers of He had scale mg., Eg.:

resvdual ot ¢ k/‘ ~ Ao = N g ~ N

= |

For He felds, He power couikivg follows frow. Hee
PTOP&ja«\'DTs:
-q,k)( *
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amd for Hee sofh queous :
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Tlls eusLkes oo kouoamou, power Cauw"\«‘uﬂ -eor He
Covaniank derivakbive <D~ N, These fules ace Hhose
‘w«p\f-u\. by naive divcensioual a.mh(jsc's.



It follows +Huat 4 $orst few kevus |, He effeckhie
HQET Lagmw%(m scales og:

1 .5
£¢(:+~7\H+FQ'>\ ...

> S = A% L) ~ X+ %Qx ¢ 60Y

ot

G os iF should be

’Decou.puuj %aus{forua;ln,‘ow

\_e;\- wy how rc,wweio\ex -\-‘:.e l,ea.AJ«ﬂ—oralu La,gra.uzfax
o(L HQET:

L“QET s ’C\ﬂ ’\;")"b‘LA\f

Whevneuer He cou-pb:u.ﬂ do ‘“\Q%@u%e fed muplve He
covariant decivokive dokted ko a k-veckr (here: v/),

iy coquUuﬂ cot be rewoved by a freld redefiition.

lek ue defiue: v Feld
Ao(v) = S, &i:)(x)

Sob) = T axp (dgs [t vAsGrovt))  wadhury
- operetor
G sott Wilson Live olov-a deveckion VI
(Rue-Lke |
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The S‘a\u.\oa\, Y wmeanms Huak qamge Bolds ove osdered
froue left b n‘ak{' in Hee order o{. o(zaea$¢'u,‘7 + values.
us:ua ook

x

= (v-x) Vr‘ﬁ- xr (Wi“"& V-X = Dj

we have:
U.x

Sob) = T axp (g0 [ ¥ v As Ged))

- 09

= Y, 8400 = - g v-A () Sy

ort | [49-D Set)] = 0|  (lwpoctewt!)

It -Fou,ows Heak: / opposi te orAakiuﬁ

- Co
Luger = ko Sy 20Dy S, Ay
- 0 = (o\ 0
= &:;\ S+v Sva “v.d ij‘ = qu vv.d /ch)
e~
i L) .Frw‘Hﬁ.ean.‘

What does Hus weaw ¢ Tu He l«mux—quav‘( Lt
soft quous can be decoupled fou. He heavy q,uq,d‘
\v>3 means of o fuld vedelibon. The new feeldls
/L.,‘J’ wo Lovxﬁe,r ]w“uad'j “u,u cre sterile., Bt ‘n,ow,
How, do heawy quark fwterack Wil other parhicles 2



T foet, Heeq interact Like Wilsow Lives, e.g.:

(o)

Es /*s '{"'U' = (71:5 /9(5 S'u') xw

= LLQQN'S q,u.cu(L \Dds.quc Like Uu.ﬁow LL'ULS
along Hee Hie-Lke direchon v (Eiclden, Hill 1990)

A pakh:cuku(ﬁ ;whes(m'uj ua.m.(ak, are ]Cl,cwar-— Mvﬂo‘n}
heavy- quark currewts  such as  TH(1-¥5) b, whick
wmediake sewilephonic decays such as B - D) 2%,
T HAET Hese cumewrs atde ouwto:

T U — 2 Cp(wbyme, ) fy I';“ Ay  (MN 1934)

)
poct. @D

After soft - qluon decouplivg He elfeckve cureds are:

r = (0) + o
T T W A C I
——
non- el coupliug o gluous,
wnless ~ed' (2ero recoil)

Note :
«
+
Sv‘ Sy = v 6 v & closed Wilson Loop
itk o Cusp at ¥
with a.uﬁl& g
v ‘
WS"\ 0= vy




T 1983 (several years before HAET), Korcheuwsky& Rad-
nus\.\kim showed that Wilson loops witl cusps wi,uir&

UV remorwalizokion, govemed by o wusversal cusp
anomalous denusion:

lgp (60) = T2 (0 coth0-4) + O(us)
= F'MP (w8z0) = 0 +t all orders (v=v')

(uon— rehoru..o,u%a.i-ufow 'HJLo réue )

L. He coukext of HQET, Has “velocity - dependeut
auno ualous, diveusion of kcauz— q.uarh cwrtends wag
coloulated by Tally Georgi, Griwsteiw & Wise 1w 1390.

Final covuet:

We will see Hiat Oilbon Lines aund tee cusp auoualous
Aimen st on plau& o Luwogt Iw(aor{'o.ui' cole tw SCET. There
we Wil encounter lgd-bike Wilson Lines, for which

o= Wt itk weo.




