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Effechwe Lo.aro.uﬂ:m of Soft- Collcnear Eﬁe,d-cuc Tl;.e,orj (SCEeT)

Owr goal is to constuct am effechie Lagrangian budk
ok of cdlinear, auk-collinear awd ulbia-soft quark
and gluon felds (oud ghost flelds), bt we will wot
weike theuwe ouk explicitly). Momeuwtews cowservakion
ollows Hee -‘-ou,owt‘u.ﬁ luterachous iwol,v:ua dofferenk medes:
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It suffices b ohudy He lograugian of colliuear and,
wiva - soft flelds
Collingar gquowk freld:
The spinor of o h.‘akla Mjeﬂo (alauj 3-axs ) b‘au
feruuon aadisfies:
P uG) = m us(p) ; M E=p’e p:‘s
= W “5(P) ~ 0 (""P b Mg conec%hs)

In analeqy with HOET, we idewhfy He (arge ond suall
Coupoueids of such o gpikor Woing projechion opertors:
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> KE, =o0 (%, will describe o colliwear
TR quaik 1 SCET)



To derive Hee (Powser c.ow-ul'v'uﬂ ™ ,>\‘ ve cousider (w-nss(l.ss

Kuw{ou): “Paﬁ‘ﬁf”*ﬂ
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It follows Hhat: Laxge couupo newds p Shaall courponents
/
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Note Huat {hese vules do wob a3ree will, wowe ddwew-
sional  aunalysis |

In aualogy with HEET, we will wleqrake ouk Hhe swall
wuponenks m, and use Hee Reld E, 4o descrbe o
collineor quarle in SCET.
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Collyne o 3(}400\ ('me,b,l :

The velevart  tuo-poiut %-w-cﬁou to consider is: 3w§r:taiw°
Lol T{A W AT} o) = j& x4 8 oY
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T4 would be wcotredt +o worle i Tcnmm qaige (§=4)
and conclude ook Al » X (05 suggested by NDA),
Rather, we need o decouepose:
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This also Works for the mayed krw:, e.q.:
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We observe Hud He different cosponeuts of He cdlinear
duon feld scole UWke He cousponends of o colliuear
oweutus, , ouch Hak fe coveriant olliunear derivehve

WD =AY e g NS~ (N2
\has kowoﬁeuou.s Power cou.\d{ua in \ !

pror‘#o.».:l- wote:

The presence of o feld with wusuppressed pover
cownhg ; A-A v L i Wow(some | sikce s will
lead do o infinite wuuiber of operators witle
He cawe Ppower cou,td-&uﬁ i Hee EFT. e will see
He .tk\bucq;"ioh.s of Huls observaion Later



Wtee- soft q.uﬂlfk fleld -

We Whawe:
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There are hno (,a.rze or svmﬂ c.oo-»-(:omd-s :u. ‘tus case.

Ultva- soﬂ' ‘3(#—0('\ Wsi

We fud:
<olT{A|::(x\, A‘.':(A}Io) - J% e-mk., ‘;:g:: [-31‘“4.(1,;) %J
N X »
~ A\
This gives:
Al s N

Tn the {ouowluj we will derive the effeckive Laamkgt'o.w
of collinear oud wlhra- coft  felds ) f'ocu,%\'uﬂ ow

the Diroe Lwarwn%{o.u.. Tle L(a,ka-H/i(Ls ngmuﬂto.u..
Com be discussed w o a.u.aiojou.s way.



Idwaalualuﬂ He decovposihous
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w He Dirac Lo.%mo.%io.u, we detaiw:
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Tn He (V) Lo.%rm%lm we have wsed ok terus
twolning only o single colluear feld ae wot allowed.
by wowmeltiun conservakion. Note that oll Henus of
G(3°) ond \:\Lﬁ\wr conkain oF least owe whhva-soft feld.
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Feowe wow on W {ow,s on the (,m&ug—ordﬂr QCET
Lagrengion

£5ce1' = Lo v Lug * °£c+us
with:

Lo= T Einn 5 « L ¥irD 0,

v T, a8 Tn + RuiB E (pu.reg(m-l-e\'ms)N)\lf

oCc-I»u.s = ‘3’ 35 e A“-S En. + (Pu_re, 2(*&(,‘['@\‘015) ~ 'X-l
Lu.s = iu.s {‘uu_s 1-04,5 + (Pm 2(“(' ’l'QvWS) ~ )\8
The Le.aAluﬁ- order ackon 1g:

] 0
SCE‘I’ SA‘( (‘C + ‘Ccms * IJX Lus ~ A
n R x' N

Since the feld E, contains 4+ ko.\-ze cou(aou,ad-s of
He collinear opinor Leld | we caw use it o desoribe
colineor quarks  aud 'w.\—e%m{-e, out ¢ power-
suppressed  eld e gewd;uﬂ fuschonal .
Like in HRET, 4he funchonal deterisivaudt s gust aw
redlevant (Aivexjeu*\ constart. The rcsulah'uj Lﬁaﬂwﬁia\»



5 obtatwned Bs us;u.g fhe colwbkon of e dassical
Wm of wotian :
oL
3w

=0 =

1) 4

v RO, ’7'“ + «:M: §h. =0
1 XN A A"
To sdve Hus equation for ., we iuhoduce an ouxilliary
reau.ld-or +8 to obtain:
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axblitvary Siqw) sluce pole is uuplysieal

It is (wshruckive to covapare s Yo the correspoudisg
expression tw HQET:

1

1 A

T thet cose | due \uerse Aiﬁexcu,h:al. opwa{w could
be expanded w powers of L¥-Ds/my = O(A). T the

Hy =

cote of SCET, such on expo.us(ou parwne(-ex S LaA/Ju%.
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IkSe.vRu.g e oloove colubon iuto our prrtes:ou for
£CJ WC Q‘:\LA;

_F R : [
L. = EMT“'“'DoEw - 5. Mﬁ: 7z
+ (pure qlue terus)

The iwverse of o devivakive (5 o ;tJ’&gm‘, , but whet
s the laverse of a covariowt derivative 2

To define Hhe above expression propeddy, we iutroduce

He collenear Wilson Line: loxge coucponesk LC;U--LCke diveckiow
A ~N wr
| /

I
We(x) = B exp (49c f ot R-A(xetR))

This 15 Waoufa bo He l&{—iuﬂioa of e sofk
Wilson Live w HQET (see p.21). T+ follows 4ok

[i'v'\-]),, Nc(x)] = 0

= LR-D. Wlx) . (x) = W) %9 b.(x
T
M.W' o
colliveor {R?e,hl(;



As o &ifferenkial operakor, it follows Heat:

W iR-D, W) = iR-3

This tn +wrnn iwph’c&

1 = \“Ic 1 N:

in-D, + 48 vR-Q+48

G _proof: apply \k): %D, ... W, on kot sides

The second tome iw Hee lagraugian cam wow be
wriken f K forta:
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Note twet the lower meegrc}Cou Wit "-wo s nfpvopn'ajr_
for owr cMoice of Hhe “is' ma«ld’or. If He collinear
fids (WS BL B )(etn) cary dotal woneuhus pe
Hew e -l:-:td'eﬁrcl ﬁfves-.

)
- Pe th wlato 4o eugure
(-4) S‘H" (3 Ve e i) " cguw:vjeuce at t -
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Thes indeed oorwspowis $o e ackon of {Hle iwverse
duffereutial operator:

1 -‘I:Fc‘x

v d+s s

This leads to He fual forw of He leadiug-order 3ceT
Lo.graw{\m=

=)

L"-(x) = fm ry {’VL'DQ z.‘, (x)
(st E o] (s )
+ (pure qlue terus )
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Coupling 4o ultra -sof+ 9lusus:

Besides the colliwear Lagrougia, He lecdiug-onder aceT
Lograngian contnius iwkerackious of collwear fialds witle
e ouponent n-Ay of He uwlbo-soft qluon feld:

Leews = Ea % g - Aug T+ (pure glue deres)

Let us look ot e structure of Huese wherachous e
weore  dedarl:

Pe Pe
(XN (N 4\)

4 ks
h‘.z‘_‘ﬁ)
Power suppressed couwpored
it collinear wouwewts
Tu He wethod of re-%;ous TS Io..Por-l-a.d' ot e
epand  the Feqnan '\deeamwis cou.%ls{'edtﬂ 4o
\,ud;-uﬁ ordec 1n A, This means Het we should
expamd. *

| T T T
P°r° Pcr*' kct:s = (Mt hokug) “T + (fepetfekes) "T + Pc’:.+ Kust

= (nhernk) Bw fop 204 Rl 4 biger ondes

r 7

c+|<.r;4.3 k’;awklz-" mg-l-e.x,
away |

—
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Tlhis iwplies Hat  b-womentome 15 wot couserved ot e
veckey:
P‘- Pc‘ = Pc"’ ku,s..,

Kus §

To iwplewewr Hus vule of tee lagrasgan level; we
wust  perfore o _wulhpole expausion  of e wlha-saft
flds  whenever Hhey interact Wit colliwear fields:

xf‘-. ne X ¥+H-XT"’P+X{

H-V_J\_—\_._.J

= Xr + Xr 4 X_(
1 n A i wkerackiows
(since X-pe~ 1) with Colliuesr felds
Y

= c|>u5(x) = 47“(\(-) + %49, 4’&5(&)

"' v L 4
+ (x+.a. P RN 1)) 400 e
2 1
1 '}\ %‘1 x"- A’r

L, qencrakes gexies of higher-osder torues W A

A l.cn.a\wﬂ order n \, He cowect fom of He effeckie,
La_amu%lu. Hus contoius:

- !
£c+us (v) = f“()() % 33 w- Aus(X-) Zu(") + (P‘M’C %(!-l-& W)
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Tor He vertex shown above | Hee ackion jo\"x Lot )

Jene cakes:

1+ k=
1’ n-X n kus‘x'(% n-ku_s) — Xc ku’s"
St

v (Pe-x = PorX = kg x_)

"‘(: - c'x'k% :
R N (T

Leo.A;wa- ovder SCET Laarq,u\%cm
CoUecl-Lcﬂ our reswlhs, owd a..AALuj back {lke auk -

collinear sector, we obtain:

Loer = L inD 5.0 ., } )
+ (T, 082w )x) % i\[&-l: (W B2 £ ) (x+) c
+ [sa-ue, with we—»ﬁ,-:ez] Lz
* s v Pus Jus ) L
© R0 E gonAlx) 3,0 Levus
t B0 % g A () Telo) Lzeus
+ (pure qlue derus ) save Sructure

Note the iwportaut fack flak ulba-soft quarks
do wot interact with Gllinear Ffelds ok (zmdluj ovdey!



Tu principle, it is possible to go to lugher ordews in
e expansion in A (— a dople of intensive current
reseanch ), buk we will focus ow He Lendu-ﬂ ferus
" Hils Cownse.

?tﬁvm,a,u cules: 4
o 5 _________ % iR-p =/’P 4 1>+
T2 nepR-pa PP kv “pteio
o
us
%\H‘ ( wouent t
e e p K o W WO
T L ey
e
.
(o ’ )
S T (o b Y fE )
PP AP Rp WpRp/ 2
= (,oh-P(A-Lw"eot

plus pure glue ond gﬁws{' verhees

Due b 4he presence of He Wilson Lies, Huere ave
verhices .lh.\lo\,w'ua OJku e ber o; Collitrear gh-toua '



