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Introduction

Strongly interacting particles are observed as hadrons, that are color singlets.
What happens if free quarks or color non-singlet particles are observed?

In the same reasoning, what if we turn off the strong interaction? See what
happens with the weak interaction.

As a simple example, we will consider ete™ — u*u™ using the effective field
theory in SU(2).



Introduction

» At first, we have to consider the factorization of the process.

* Factorization of the weak processes consists of not only weak singlets but also
weak non-singlets, which make factorization more difficult.

» Except for the difficulty of the factorization, some issues are encountered in the
presence of the non-singlets.

- non-cancellation of the large logs, additional rapidity evolution, ---
— See next talk



Effective Field Theory (EFT)

Concentrate on the parts of the physics that we hope to understand.

Relevant degrees of freedom.

€ ¥ .
le == (Ve> ,l,u = (V,u> ,W1’2,3 1mn SU(Q)

Transparent method to derive factorization theorem.

Simplify the problem containing scale hierarchies.



Soft-Collinear Effective Theory (SCET)

Expanding 4-momentum.
pr=n-p) %+ n-p) 5+ =pt e +p S+

Light-cone coordinate.

n® =n?=0, n-n =2, n* =(1,0,0,1), n* = (1,0,0,—1).
Scaling for n-collinear & ultrasoft with power counting 4 «< 1.

(pfpe ps) ~ QN LA), (Dl Puss i) ~ QA% 02%,0%).

Scale hierarchies.

pp ~ Q% p2~ QN pi,~ QX' = SCET;



Descending sequence of EFTs

Full Theory

u= Q> My o Matching &

Integrating out hard mode
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N-jettiness

™
Thrust T is defined as \\9 %%
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N-jettiness Ty is defined as
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where ¢!' = Tw;n!', pj, for the particle in the final state. :
™ — 0

N-jettiness is treated as the generalization of the thrust.

By putting T,i\, to the ultrasoft scale QA?, we can study about the N-jettiness in SCET.



Factorization theorem

Cross section is schematically written as

do ~ < 6162\0;0}\,“3#4)( >< puzps X|C50 leres >
- C;CJ < 6162’le1TI’7Vl62 ' ZM4TI'YVZM3’M3M4X >
X < ,LL3,LL4X’Z62TJ7“Z€1 . lu3TJ’yulu4|€1€2 >,

where C; are the Wilson coefficients. O; are the four-lepton operators defined as

Or = ley Tiv*ley - Ly Tryuly, (I=1,2),

= 01 = l_@ta’y“l61 : l_ugta’yulM, Oy = 1_62’}/“l61 - l_us'Yulm-

In order to decouple soft interactions, perform the field redefinition. lp, — Silp,.



Factorization theorem - Hard function

Cross section is schematically written as %f
do ~ < 6162|C?O“/L3,LL4X >< LL3AL4X|CJOJ|€162 > 4/// \

= C;CJ < eleg\lelSirTfy”Sgl@ -lu4SlT]’y,/53lM3‘,u3,u4X >

_ _ KUp ~
R < ug,u4X\le2S§TJ7’“‘Sllel . ZMSS;LTJ’)/NS4ZM4|€1€2 > .
Every field in each mode doesn’t interact with the fields in the different modes!!

Factorization theorem is written as

g% ~ HJI(Q)Sade<TS) ® B (7e,) ® BS(Tez) ® J§<Tu3) ® Jz(il(TM)'

Hard function is defined as  Hj; = 4a°C3C}.



Factorization theorem — Beam functions

Cross section is schematically written as \ %/
C;CJ < 6162|Z6151T]7V32l62 . l_M4SlT]’7VSQ,lM3|,LL3/L4X >

K < ,LL3,LL4X|Z_6255TJ7“51Z,31 'Z_M3S§TJ’YMS4ZM4‘€1€2 > 4f// \

Factorization theorem is written as

3% ~ Hi1(Q)S75r(7s) ® B (7e,) @ B3(7e,) @ J5(75) @ J (T,,)-

i . il 1 ] i ﬁ c\j1 77£ a
To combine ea.ch ; mtg a bilinear, ( )a(l)% _ _5 J(Py/i)ﬁa —l +(t )g (Pr Vi)ﬁal g
use the following relation.

Beam function is defined as

Bf(Tel,zl,,u) = wil < €1|l_el %Ta(S(Tel +nq - 7))[5(11)1 — Ny - P)lel]\el > .




Beam functions vs. Parton distribution functions (PDFs)

The relation between the BF and the PDF is \ %/
qu(Ta 2 :u) — ij-ij (7-7 %7 :u) ® fgq(xa M)'
In SCET, the lepton beam function and the electron PDF are defined as // \

B (Te, 2, ) =< e]l_e%T“{cs(wTe + wn - 773[5(20 —n-P)le]le >,

f (2, 1) =< el 2To[6(w — 7 - P)le]|e > .

o . Factorization with a beam function
Factorization with a PDF _ _
by inserting 1 = [dr §(T +n-P)

Oep—X 7 fa(xa,u) ® Oea— X daeéj:x ~ Ba(T, Z, ,u,) R Oeqs X

more differential



Factorization theorem — Jet functions

Cross section is schematically written as \ %/

do ~ C;Cy < elezlquITI’y”SgleQ : ZM451T17V53ZM3\M3M4X >

® < pspiaX |ley SITyy"S1le, - Ly S3Tyv,840,, |e1e0 > . 4// /

Factorization theorem is written as

ag aoc a C 'LLC ~ Q>\
iz ~ Hyr(Q)S15(7s) ® Bi (7e,) ® BS(7e,) ® J§(Tuy) ® J{(700,)-

Jet function is defined as

2(2m)

JSC(TM37 :“) -

Tr < O\ZMS%TC(S(% +ng - P)o(ws + iz - P)6* (p3 + P[0 > .



Factorization theorem - Soft funtion
Cross section is schematically written as \ %
do ~C;Cy < elez\l_elSIij”Sglez -l_MSlTI'y,,Sglmmng > /

® < pspaX|ley SSTy" Sile, - 1y SATyv, 84l leres > . 4/// \

Factorization theorem is written as

E ~ HJI(Q)S?gcd(TS) ® B?(Tm) ® 83(7_62) ® ‘]3?(7_,&3) ® Jf(TM)- Hys ~ QAQ

Soft function is defined as

Spirt(rem) = [ dndrad(r, - - )
% (O|Tr {(SITISQTG) [5 (ﬁ -3 min({n; -st}) (ngjslTb)] }
x Tr {(Slesg,TC) [5 (72 -3 min({n; .pXS}> (ngJSJdﬂ }|0>.




Conclusions

e \WWe have reviewed the EFT.

* We have seen the factorization theorem of the 2-jettiness in SU(2), which is valid
to all orders of a,.

* What can be done with the factorization formula:
- Calculate each factorized function.
- Sum the large logarithms by solving the renormalization group equation.
- Extend the theory to SU(2)xU(1).



Backup

The factorization formula for the 2-jettiness is written as

do & dz1 dz
~ 02 /d¢({pJ})(27)45(4)(p1 + p2 — p3 — p4) / - /dt1dt2/dTS
d77v CQ

X Y kckgkekyBY(t1, 21, 10) BS(ta, 22, 1) J§ (03, 1) J{ (3, 1 ZHJISU (s, 11)
cdef

t t 2 2
><5(TN— 1 2_293_294_75)7
w1 w9 ws w4

where d®({ps}) represents the phase space for the final-state particles, which
is given by

() =[] G525
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