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%o&va&on and Outlin’

Soft Collinear Effective Theory (SCET): A very powerful formalism developed to resum infrared divergences
occurring in processes dominated by soft and collinear degrees of freedom.

Many Applications: heavy meson decays, LHC collisions, and even WIMP dark matter.

Can we explore the SCET limits of more general theories?
e.g. Supersymmetric theories?
What can we hope to learn by leveraging the power of SCET in these theories?

Many questions generated: Goal for todayintroduce the basic concepts needed to
formulate a consisteri =1 SUSY-SCET YM

¥ Is the SCET limit of Super Yang-Mills self consistent?

¥
¥ Chiral multiplet™N =1
. ¥
¥ Gauge multiple?
¥

¥ Superspace formalism?

¥ Subtleties of Super-Poincare invariance on the lightcone? ¥

¥ Extension toN > 1 SUSY? Supergravity? Gravity? Other? ¥

Infrared structure and introduction to SCET

Details of SCET with two component Weyl Spinors

SUSY-SCET Basics

1. Light Cone Gauge Theory: An example of a consistent SUSY-

|1. Light Cone Gauge Theory: Collinear Superspace



(n)ared Singulari&e*

Soft and Collinear Divergences

Amplitude for gauge boson emission off a massless left handed Weyl fermion:

y

# 1 Zn - »
O_i — = xy(P)(#ieB")" #,(q) l(p;pqé)qa M Yp+ q)
D

Diverges in the limit: ¥ Photon momentum is soft}'! 0

¥ Photon is emitted collinear to fermiopaq! 0

Soft Collinear Effective Theory: ¥ Developed to resum IR divergences occurring in processes dominated by soft and collinear d.o.f.

¥ An EFT separating physics at different momentum scales; formulated by expanding Pelds along a light lik
direction and integrating out d.of. away from the light-cone.

¥ Perturbative expansion possible with a small power counting parameter originating from a separation of s



loft-Co"Iinear E+ec&ve ,eory -SCET.

Separation of Scales Example: Jets at Colliders

Infrared divergences in QCD leads to collimated jets and soft radiation.

! )
Lorentz vectors in light cone coordinatesp®,p' ,pr = (nép,Bap,p )

o = LD MED o soft modes
2 2 |
Choice of Oanti-collinearO direction must satisfy: § § § § % § Ip collinear modes

n=0=m? and n ap = 2. e.0. =(1,0,0,"! 1) n*=(1,0,0,1)

Physical separation of scales: § § § § § §

collinear: p ! Q eventenergy

transverse: P! My where "gcp " my " Q } <

anti-collinear: p°=01 p"" mj/Q

Debnes a power counting parametey:= m;/Q # 1 # p; = :p;,’, P, P " QUL



loft-Co"Iinear E+ec&ve ,eory -SCET.

Revisiting the Origin of Infrared Singularities

Factorized Amplitude:

g
P&t (0, (A8D)° (D)0
= #ex,(p) —~ Qi # ) M (p+ 0
Q — )—p> N pag 2p &g
where pag=nagnap-+nagq nap-+p aq
Infrared singularities diverge for small power counting parameter:
. . . . e " 1
Photon is emitted collinear to fermion: @t gt ! ("2,1,"). | Seollinear = ﬁl " > "z
. . €, q" A 1
Photon momentum is soft: ¢g*" (!,!,!) = S. = 2~ ~ =
2p-q A2 A



ICET Lagrangia/

Two ComponentWeyl Spinors

Theory with left handed fermionsL = ju (x) @ &) u(x) with plane wave solutionsi(x*) =  d®p x(p) € P
. L © s ey !z& $ 0/°1+!Z&' (G ") s
Boost along the collinear directiorx(p) , = E + p; t BElp — bo#t=  BApP,+ nNapP, ##
Collinear and anti-collinear d.o.f separated by projection operatc€§: =(Pn+ Pg)u=u,+ Uu)
where: Pp Up = %%Un = Un, Pg Ug = %%uu = Ug
Pﬂun:O; PnUw:O.

For our choice of collinear/anti-collinear direction:

na " _ 1 00 . Balg oo "

n* =(1,0,0,1) and i = (1,0,0,! 1) T s and ”Tab - %(bo! )" = 82

I

70 ¢

Half the helicity states projected outin =



Expanding,u = U, + Ug

L=1Iiuba'u L =iu,Ba#u, + iug,Bé#u, +iu, Batu, + iu, B a#H u,
. . _ pa' 1 ! 444 ! - _!mé! "§!" " A4l o
Integrate out anti-collinear modesty = ! > Ak g at U (Where "Mu= "5 and —=-# " )

The leading order fermion Lagrangian of the EFT:

e > P
LD =u, inéa#!

Non-local operators well-dePned in terms of momentum eigenvalues. For instance the collinear fermion propagator
In the EFT is:

_ pap ¥ ap
p 2 (néap)(@ap)+ p?




FIEld Un u“ us #n #S n éAn aé.An An! AS

SCallng " no2 "3 " n 2 n2 nQ " n 2

Adding gauge Iinteractions:

Including interactions with soft and collinear gauge bosgxs= Ak + Al

B aA n aA
nt+ —— '+ A}
2 2 |

Four vector decomposition:A* =

Gauge covariant derivatives at leading orderin 4D, = in & + gndaA, + gnaAs # O(%)
iBaD, = ivd + grdA, # O(W)

iD= ilY+ gAL # O(%,
By analog to non-interacting fermion case:
70 &
1 g A0 1 peld strength
— . , . 7 . z | = ! 2 oL
L = u, maD"SH@aD’”iuéqlaaD’” — Upn ! 4(Fn) jgFK = DK D

Theory with scalars: (I—n =1, =1, s nd ! "? !n)




Oeparame#iza&on Invariance -RPI.

A EFT Consistency Conditioeach order Lagrangian must be invariant under broken
Poincare symmetry on the light cone (RPI should be restored order by order).

# b

Poincare group: P,,P, =0; RPI:
#

$
MH, P* =igh P! I ig® PH;
# $
M”!,I\/l$# =1 gu$M!#! g!#Mu$+ gu#M!$+g!$Mu#’

Rotations in the perpendicular plane and boosts along
the collinear direction are unbroken

[ | | \
Ri=a,M¥+,
R, = nyM¥+,
Rj; = ny B MIJ!

- _J

Broken Generators

We can shift collinear and anti-collinear directions and physics should unchanged as phga= m? and na@ = 2.

RPI-II:

RPI-I RPI-1I RPI-111
* " n# ng+" n,# ny n,# eny
B, # B, B, # o, +§ a, # € B,

(See our upcoming paper OSoft-Collinear SupersymmetryO

for detailed transformations.)




IUSY and 1le SCET Expansio/

Charges, Algebra, and Superspace in the SCET limit

N =1 SUSYAIgebra:' Q,Q, =2%$",P, wheresr,i=1,2 expandon the light coneP, = i#, = iZné&#+ iLwéa#+ i#h

u

7 I _ P H P
. pa#t 2% O($%) O($
{Q,Qu} =2!'P, =2i _P_ 7 " ($9) O(3) One superchzrge
! N 24 na# 'u O($) O(1) suppresse
: . . L # ) Y
Charges differential 0||3erators N superspace%-- = |#T! (! &#). Supercharges
SCET expansionQ, = i%! | 2an! 20 Y% # OO Q'=Q, Q¥=Q, @=!Q Qf=1qQ,
! # , " o 1 1 ! !
Qi= i——=! !*na#! 2% | O(")
# Superspace Coordinates
Superspace coordinates scalgh@x, max, x- ) # (1,1/$2 U $) = ey = tE=
recally = xH + iI" Hl I 1t 1 1

We will integrate out short distance modes in the superspace formalism to show _
that SCET lives on a slice of superspace; OCollinear superspaceO EXpect not present in

_ the EFT
[arXiv: 1603.09346]



2auge ,eor$

The Vector Multiplet

Infrared singularity structure known from QCD

RPI invariant EFT Lagrangian known from QCD:

70 1 &aé@ 1
_ . , . , . ~ 1\2
L =u, iN&Dhs+ 184D nooricdDn —— Un! 2 (Fi)

Does a supersymmetric EFT exist to describe gauge-gaugino interactions of a vector multiplet?

Is a superspace formalism possible?



I n
igF't2 = D D'
g # I Il$

2auge ,eor$

+ (e ! n@,) Ba ,naD + D, D,

n # n ll$
Light Cone Gauge + %'hanp, 1 Znano,,
" O(")+ O("%)+ O("9),
70 1 “pas 1
The SCET Lagrangian with two fermionic d.olL = u, inaDs+i@aD "Tean icaD , —— Un ! y (FH)?

To explicitly see supersymmetry it is convenient to go to Light Cone Gauge (LCG), debned by the.el@ice O

. . L , dig ,
And integrate out non-propagating modes: = = | SUp ! : " Al
nd integ propagating T 0# naA (né--)zu2u2 (Hé_")ZD (Ba" A
Two remaining physical gauge dof make up a complex Olight cone scalarO dePneddy: = ! ! Al T A

¥ After the SCET expansion and bPxing LCG, we are left with two on-shell fermionic and
on-shell bosonic degrees of freedom.

¥ Inthis gauge SUSY is manifest.

¥ The remaining on-shell degrees of freedom organize into a chiral supermultiplet.



2auge ,eor$

The Vector Multiplet

Integrate out
modes away
from light cone

Full theory

IR .
L =iuBalu—(F")" ERERTHEVIIE
+ adjoint fermion




2auge ,eor$
The Vector Multiplet

Y% &
B @

o . S 1
L = u, ”1aq5+'@aD”igéq'UaD“ —E—Unlzfﬁﬁf

SCET

Integrate out
modes away
from light cone

+ adjoint fermion

Full theory

IR .
L =iuBalu—(F")" ERERTHEVIIE
+ adjoint fermion




2auge ,eor$

The Vector Multiplet

Y &

L = in a +ig@gaD ,——I108 .
U inabs+ieab o ap T 4

g 1! "
Us = g 28 U
Al  -cioi i e e
_ y Int ‘ t nad, = ! é")zuz us(t") ac
from light cone ntegrate ou (@
unphysical 2 L b N
glion gyt (@EAN T (3 E A
Full theory polarization

L 1, i :
L =iuBalu—(F")" ERERTHEVIIE
+ adjoint fermion '




L=u, indDs+i@alb ,

. 3 1
L =iu'péu-— Zr(F“!)2

Full theory

Yang-Mills

+ adjoint fermion

Integrate out

2auge ,eor$

The Vector Multiplet

Y &

o, g &g 1 |
icaD , — Uup! 21(F#-)2

i@ah

2

SCET

+ adjoint fermion

diqg

modes awa AAD = | 1a,c(sb
from light cor>1/e Integrate_: out 1 Ain (@ é")2“2 uz(t")ac
unphysical 2 o o
gluon ! (ﬁé..)z{" (@A AY) + " (B A" A'D)
polarization

Light cone EEETXSE)
.S.CET. 1, A =11 ATTA
+ adjoint fermion
Lugy = A"l A



2auge ,eor$

The Vector Multiplet

& & ¥ &g 1
L=u, indDgs+i®aD ,nméDniaéD, n 5 Un! 21(F,&“)2
71 1 I "
Integrate out + adjoint fermion b dig | 0
modes away n 4A) = Uy U (1) ac
from light cone Integrate out (ma")?
unphysical 2 b o n1b
gluon ! (ﬁé..)z{" (ga’A")+ " (ga’A")}
Full theory polarization
L = iu Bau }(F“!)Z '
= U= Yang-Mills
+ adjoint fermion
I sA D
SUSY Yang-Mills ngshéclzzqrne naA, =0
i - =1 1Al ITA
light cone EFT + adioint fermion TR aA, =11 Al ITA
Lugy = A'T A

"ud=i 2#%@AA? and " A= 24203

Can show explicitly that Lagrangian is invariant under SUSY transformations



Lg=AP1 A1 gfaeq'PAc(1! 421 1 A'2))
| 2gfab°!! AL AP
T 292f abCf ebh
T 4ng abCf ebh
+ ;ng abCf ebh

L, = iuy? @dl !

| 4|g2f bacl: ebhu2 U2

| 2Ing bacl: ebhu2 U2

2auge ,eor$

The LCG Component Lagrangian: a consistent supersymmetric EFT

%ng ab(;f adeA! bAcA! dAe

o . $ o
AL A A A
# | &# . &
——(u'?u°) —( u")
n-! n-
L s ok v
ﬁT(u!auc) _— Aen 1AM+ A% -1 AT
s ! o s "
n-r AT A+ AT A'C a1 At A"+ A% 1 A
b
211
> al Uz
% 'I . | & n(
+2igf Pac a—(ulchb)+ u !—(Albuz)"' Uz us —1 I'AP+ T A'D
B al | @ al B al % (
| 1 e ,h 2 hbc, ,! 1 I h
(w4 .)z<u un) 1 2% Cuz;{,*e pa AU

S A'eué! A"+ Acga A'D
(mal)?

"!Ug: |

¥ Supersymmetric: invariant under
|

" 2#%ga A? and " A% = 242U

Consistency Check: Reproduces IR
singularity structure.

Consistency Check: RPI invariant.

(See our upcoming paper OSoft-Collinear
SupersymmetryO for a scenario where a consistent
EFT cannot be constructed.)

Can we utilize the power of superspace to write

this in a more simple/ transparent form?



2auge ,eor$

Superspace

8l SCET
Integrate out + adjoint fermion
modes away

from light cone Integrate out
unphysical

gluon
Full theory polarization

Yang-Mills

+ adjoint fermion

Light cone
SCET

+ adjoint fermion

Integrate out
superspace

Full theory coordinates away
Iight cone gauge from light cone
USY Yang-Mills




luperspac’
A Chiral Multiplet

Full Theory:Consider a chiral multiplet: left handed Weyl fermion and complex scalar

Chirality constraint: D,! =0= B where D, = #,i,! +i($&H), "
Solution: " =1 +u'", + F"'"
Action: L= dY! I ="'1'"+ ju #a$u
EFT:By supersymmetry: " = (P, + Pg)" ="+ "4

. . . n n # . § s #_ 1
Chirality constraint: D" ,=0= By, where D, = 2 +i" Bma)+i 2¢#" Y O(°% anddd,! O(!)! My
. g | _ ’ | _ ,
Solution: » = g e 1 (yRy+ T 2020, (yH) = Lo+ 2'2up+ it *2@a#!,  * Wess Zumino Model:

H _ + _ . .
! %[9,_;,D1Vn§ = 2A'+2i"up L+ 0 2" Fgal Al * Light Cone Gauge Theory:

#1=0=# ¥

Action: 27?77 (note: this is on-shell)



2eneral Algoril3

Constructing Lagrangians in Collinear Superspace

Find projection operators which separate the superbeld into collinear and anti-
collinear superbelds.

Given the superspace action for the full theory we integrate out the anti-collinear
peld, yielding a constraint equation.

Motivated by the form of the constraint equation we can now guess an ansatz th:
solves the eom of the anti-collinear superbeld. This should obey the EOM and an

other constraints (chirality, reality etc.)

Plug ansatz back into the full theory action, yielding the superspace action of the



40"Inear Superspac'

The Chiral Multiplet Kinetic Term

Chiral beld of Wess-Zumino Model or Light Cone Gauge on-shell Vector Multiplet

1) By supersymmetry: = (P, + Pg)" ="+ " 4
: F FF : I
Expand full theory actionL = d* 1+ 1, 1+, = d U Lo+ Lo+l 0o+ 01,
. . 1S 1 1
2) Constraint equation: P o# ! ZDD! . 21DD! n=0
.

Check this reproduces expected component EOM, e.g.

B.DD! ,=! BDD! . # 4i#Ba$)" D! ;="' 4iwap)" D!,

I AN I
: B a 1
I Ugr = ——Uu «—> = | va# u




1 ,
3) Guess an ansatz that solves the constraint equatiorE! e="'1n! @) Dl[@yDD! n j

Well dePned by momentum eigenvalue \ _ _
as seen from the Fourier Transform Consider the super-Fourier transform e.g
1 | | | | 1 : (oM, +"! # v 1
0= o dipd PR (p) = dipe R 5P () = gy dpdtd Fa(p, %9)€ (P # 7 )
| 4 " " 4 $ D1 7 1 " L #
4) Plug back into Lagrangian: d™ ! .+ ! tg+!l o+ 0, = d" D'IF ®*DD!
) g g g n: n n- @ @ N ulu (ﬂal )zlgyDl n
' L T
— du du dll dll — dn 2d|| 21' _ I
e 2‘(rzca')l?L.Dl "ga "
2 2'| ' I N l ::2 / I
d"<d" il "5 A 'S iu,, nal + — U2+ 15! $
where: " , =1 . + 2 U, + 1" B2 @ &#! ,, chiral theory
H_ ,
| % ®&sD, V§ = 2A +2i"%ul,+ i 2" *@dl A' LCG vector theory

#1=0= # !

As expected there is no dependency on the superspace coordinates with suppressed power counting scalings.

We can extend this to other theories following our general algorithm



Non-Abelian vector multipletS =

. o - C »
Constralntequatlon:$=0# | D'DDD,V®+igf&® D'DDV¢+ D',V

%}

2auge ,eor$

In Collinear Superspace

# ! #
d*xd2 Tr W'W, +  d*xd?@Tr W, \FY

1
where W, = | ZEEG! (Vo +Va) 1, ¢(Vn+Va)

Vo _

Full theory
light cone gauge
USY Yang-Mills

Integrate out
modes away

from light cone I

Full theory
Yang-Mills

+ adjoint fermion

SUSY Yang-Mills g8
light cone EFT |

A

Integrate out
superspace
coordinates away
from light cone

ntegrate out
unphysical

Light cone
SCET

+ adjoint fermion

DD#D! Val g2f acef adh:bD! ,VC

Yo

4 % & - ; ( N
iL= d?d& 1 3a__1234+2gfac 13 b__jcp | ab___jc

ua.ll ua.ll a.II

# 1 ! 1
+ 2921: abcr ade _ | bD | C _ | dD2! e
ua.n 2| u,all
\ J
o 2" S 21 B an A"
where! 2= 2A%+2il“u’% +i 27 “g§" A ®

¥ Reduces to LCG SCET component Lagrangian il = iug

n al

us + A3 A®

¥ Invariant under SUSY transformatiofistly = i 2#%pa A? and ", A% = 2#u3

DDVID, VM =0




%any Ques&ons Remai/

Can we explore the SCET limits of more general theories?

¥ Is the SCET limit of Super Yang-Mills self consisi@ttsice of a specibc frame
which obscures Lorentz invariance. Possible obstruction for compatibility with exte*/ d
space-time invariance.)

¥ Formulate SCET with Weyl Fermior 4/
¥ Chiral multiplet’

¥ N =1 Gauge muItipIE\/

¥ Superspace formalisr ¢
¥ Subtleties of Super-Poincare invariance on the lightcie/ ?

¥ Operators?
¥ Extension toN > 1 SUSY?
¥ Supergravity?

¥ Gravity?
¥ 77?7



Itay Tuned...
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/ack up*



luper-Poincare on le Lightcon’

. I $ # $ =
Super-Poincare: Q,P* = 0 = QP |PH,P! fo;
# $ # $ #1 - ! R b 'y oiaql M.
My, Q= i($r)fQs and My, Qy = i(Br)iQ, M P T19° P 1ig PY
{Q.Qg = 2%/ P, M MP =1 g¥MY 1| g" M¥ 4+ g"M™ + gF MK
Dol o o ona ) B ) o
Rl,naP*—ZlP! , )Rz,naP*—O, )Rg,naP*—!ZlnaP,
R;,uaf =0, )R’z,uéf =2iP,, )Rg,uaf =2i\BaP,
R, = @, M™ )R;,P!# =1lig”wéP, 'R, P’ =1ig"n&P, 'Rs P’ =0.
Ry = n,MH*-, R, Qi]="!id Q, [R1,Q2]=0
Ra= nym M¥ R5,Q1] =0, [Rz, Q2] = ! ia' Q
R3, Q1] = !'iQy, [R3,Q2] =0
# 1 2 3& ' ( ' (
0O K= K< K | " | ” | # 14
!Kl 0 |JBJ25 Ri’RZ :ﬂun" M“-!’M ! :I ZMI ! +g! Rgzi(2J3+ R3)

MH = .
B K2 J3 0 J(

LKZ1I213% 0 scaling Ry $ " 1, R,$ ", R3$ 1



Oeparame#iza&on Invariance -RPI.

Transformation of belds

| ..
. . . . Al 3 "né& 3 oAl 4
Projections should be invariaf®nUn = Un e.g > ";‘bun - ";b+ . ";‘b Un = Uy

l.e. Full theory spinor should be RPI invariant
RPI-Irotates in back the helicity component which has been integrated out

# $ # $
0 Ly al) s
= ] 2 : 12 .
Un,. u,  RPL U Summary:
RPI-1 RPI-2 RPI-3
RPI-llrescaling of fermion peld ik F e 1 g
v D " > B! | o ) Y B+ ! . e's
U, = Oy % ., 01 . Up ! 1+ 2" &, vay u, 1+ “# Li# &5 u, Un
! U, RPHI 1+ 5" a)igs (D aw)*? u,
n 4A | ndA+ !, aA n 4A e n aA
_ _ _ B 8A ! B 8A BaA + |, A e 'waA
RPI-IlIboost that leaves the fermion Peld invariant . - -
Ayl Ayt iy eaar B A, Ap " HinsAr TE1, oaA A
. ! a | e pab !
L, = |un_,a_bu 1 u Up $n $n $n $n

gat 2 " RPNl "€ pa# 2



2auge ,eor$
Deriving Abelian Theory in Collinear Superspace

Abelian vector multiplet S=  d*xd*W'w, +  d*xd*! W,,\&"

: Y0 &
1) By supersymmetry V=V =P,V+ P,V =V,+V, W, =!I ling! Vh + Vi
where in LCG: V, = 1 111 *naa, 1 2 110 2al+ 120 YA, 2011120 Byl gr 241 ¥ 212y,
Vo= 1100 Pnaa, ! 121 Fgan, 1 2 10 AL 12 YA, w2012 Byl 200 B iy,

1S : # $ _# $
W:O# 1 16! +4iD' ' &  .DY V,+V

] L
2]

2) Constraint equation — 0



2auge ,eor$

Deriving Abelian Theory in Collinear Superspace

. . | ,

1
pa D, @1 D,

3) Ansatz solution Vv, =1 V,!

note: on-shell LCG dof can be written in terms of chiral and anti-chiral superbelds

$ $ ! 2 - 20 B 21 A
eg. ! %M@;D,V, = Z2A'+21"u,,+ 1 2" Tpad A

#1=0= # ¥

!
4) Plug back into Lagrangian S =12 d*xd? d?l BiD' (Vy + Ve)BFsD: (V, + Vy) + h.c.

( 1 ) ( 1 , )
_ 4 1 , Y )
L | d*# = @ﬂD F (D05 yV,) = Dlﬂ? DD (F;D1V,)
2 g B gt L i P F ®
= # % d# DBE (D,&V B*DD (FsD 4V
d# d# 2 d# ¥ d D, 5, .( 2B Vi) (@& )2 ( 2.(1 n) |
, , , i "2 |
— d#d#glnggDz'gz‘zDD!n: d#? d#t 21 | ",,,!n & iuL, N&" + —— UuUp2t A'l A
(g &") B a | B a ’



(n8rac&ng Chiral Mul&plet In Superspac

! " # 1
L= d*™ I 1o+l Ta+l o+, + d"W(I,,! g +he.
| .
1) By supersymmetry: " =(Pp+ Py)" =",+", superpotential W= m! ! ,+ %'! 20 4121
. . 1S 1 1 . y!# $
2) Constraint equation: T:O# ! 21DD!,Z,! zlDD!n+m-!n+§ | 2421 .1 =0
N
B*DD . B 2, M
; lg=1 10+ —— !l m —— o -y — L,
3) Guess an ansatz: B "t Z@a)D, " (@al)D; " 3Y (@)D, "

4) Plug back into Lagrangian:

70
. . . ) 1 1 - I 1
we get interaction terms such as: £|y|2 d$°d$ gﬁ(! nD>! ”)ﬁ(! Fl ) |y2|#huh,2méﬂun,z#n]

Such interaction terms actually result in a breakdown of the EFT (helicity Ripping interactions violate RPI and have the
wrong IR structure).

The single Ravor interacting WZ model does not have a consistent collinear EFT at each order.

Problems alleviated when by adding multiple 3avors and gauge interactions. Can still
proceed withN =1,N > 1 SUSY



5e Co"Inear Wess-Zumino Mode9

o Full Theory: EET:
1—3 Splitting: On On % '¢n
¥ / N A
. -, = . . . " " ‘v' >
IR singularities from double collinear scalar emission O . - 0 = O u, .,
. . . 1 ‘péa ¢ . B A
Integrating out anti-collinear modes: =(#48 , “+y 0
grating Ua = (#35)14 Ba$ 2 Un' *Y Higas 2 b

) R $2 T pap 2 ) 1 ot (recall we also found this
LE]O) = " Cy%! O/Q + U, In a$" - !, U, " —lyl (yﬂ|4 ! |y|2(y“ U,—— un% interaction term via the
TN 2 4 va$ 2 superspace derivation)
- . n 11 1" n é$ H Z
Supersymmetric under: "1 = #u,, U, = T# (ima%! .,

7 e

Interaction term leads to problems...



5e Co"Inear Wess-Zumino Mode9

IR singularities from Yukawa Interaction

Determine if amplitudes are singular by power counting external momentum as either soft or collinear.

1—2 Splitting: ',q Has collinear but no soft IR singularity
1&
- . a(p)v(q)
Scalar emission from fermion current: Q 2 = Vo !
J > =y (|o)2paOI Y ()
I I 11
. ' ' y # m m'
Wess-Zumino Model: L= d"M! 1 + d2 m!?+ 3! *+he. =10 m?" )P+ iu #'$u ! Suul —-uu
| | $ | OA
ym' ., .o Ym0 WP e, Y Y.
| 2 | 2 l 2 b
' ' 4 —"| > uu + > uu

Two spin states required for IR divergence from one-two spitting.
Single Chiral multiplet in the EFT has only one spin state.
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IR Structure
Full Theory with collinear momentum:
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Reparametrization Invariance
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Solve by adding additional 3avors generating 1 to 2 splitting interactions in the EFT and alleviate these
problems. Before doing so lets study gauge theory.



