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(@ Amplitude is related to the physical observables, building
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(® What independent amplitudes are allowed by Lorentz

invariance, little-group covariance, locality, and symmetry?

y.



Massless particle

p: = det(piagd) — (0 —> Py = pfﬂga = 1)alls
rank-1

(® The momentum is invariant under the transformation.

h=—5  4) = et ] o eT %] =

1
2 2

@ The little-group U(1) transformation can be understood as a rotation around the direction

of motion.
(@ A spin-s massless particle can be built from 2s helicity spinors

(@ The spinor structure must have the correct little-group weight for the external particles.

y.



Massless 3-point amplitudes

(® The combination of little group scaling and locality uniquely fixes the

massless 3-pt amplitudes structure. In terms of complex momentaq,

[12]+h1+h2—h3 [23]—h1+h2+h3 [13]+h1—h2+h3 . for hy + hg +hs >0

M3(h1, h2) h3) X {(12>h1h2+h3 <23>+h1—h2—h3(13>—h1+h2—h3 : for hl - h2 -+ h3 <0

One example: massless fermion + massless photon Ag(l}r 27 37) =e—r




Massive particle

[Arkani-Hamed, Huang, Huang, 1709.04891]
(® For massive particles, the little group becomes SU(2): 7

pi - p;i = det(p,ohy) =m? —— Pac = i alige =1 alita +1%)aliza

p* =(E,0,0,P) —» p"'=Fk"+¢"

kad = 7;2>a[i2@ Qo — Z.1>oz[7:1c54

i2), i1 = k), k] < VE i, %l = ¢), ¢l x m/VE

(@ For spin-s particle, need 2s symmetrized spinors, the spinors associated with massive

particles are bolded, to imply symmetrization over little-group indices  V; = i){li)‘]}

’i)l’l:)Q + ,1/)2,’/)1
V2

Ve =it v =i)%)? v =

1




Massive 3-point amplitudes

(@ Helicity is not a good quantum number, instead, each particle is a spin-s SU(2) multiplet.

(@ The number of independent structures can be obtained by irreducible representations in the

addition of the three spins.

S3+S3 s+51

N3 81,82,33 Z Z 1= 281—|—1 (282—|—1) (1 —|—p), p:max(0,31+32—33)

§=83—S2 m=|s—s1|

@ All EW massive 3-pt amplitudes are given in [Durieux, Kitahara, Shadmi, Weiss, 1909.10551]

One example ¢C¢Z

cBRR cLRO cBLO cLLL

M(1ye,24,32) = ¢A¢Z[13][23]+ ‘fn ‘22(13)[23] ‘fn VW2 113](23)+ ¢A‘”Z<13><23>




Dimension

Dimension of an n-pt amplitude
dlA,| =4—n
d|A,| = d|c,| + d|S,,]
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Dimension

Dimension of an n-pt amplitude
dlA,| =4—n
d|A,| = d|c,| + d|S,,]

Dimension of the operator

d[O] = 4 — d[cy] = n+ d[S,)]

The minimum spinor dimension » The minimal operator dimension

For non-factorizable amplitude d[Sn] = Z !hzl + Ny ins.
h

ViV Vv 12)%(34)2 dO] =4+4=8

s fe [121(56)[3p4)  d[O0] =6+3+1=10

y.



Non-factorizable contact terms: general structures

Little-group index
Mandelstam invariants

S .
8 ot
Z 5 n Lom A2
b
Spinor structures Polynomials

Carrying little- Only depends on

group weights .
and polarizations scattering angle




Four-point massless amplitudes

[Durieux, Machado, 1912.08827]

mult. min. dim. helicity conf. spinor structures
3-pt dim-3 888 constant
Determined by 3-point amplitudes dim-4 frfts [12]
dim-5 vtots [12]2
U A [12][13]
T dim-6 vtotot [12][13][23]
fa,C non faC 4-pt dim-4 8888 constant; sij; SijSki
— o : dim-5 frftss [12](s:5)
A4 A4 _I_ A4 dim-6 vtutss [12](si5)
vt frfts [12][13](s45)
AN AN A [12][34](s:5), [13][24](s:5)
Satisfy little-group scaling and locality. VAN AN i [12](34) (s:5)
frfss [1(3 — 4)2)(si;)
dim-7 vtoteTs [12][13][23]
; ; oot fTFT [12)%[34], [12)([14][23] + [13][24])
Use Schouten identity ot f- i 1212 (34)
vt ftfs [12][123)
(i) (K1) + (k) {L3) + (il) (k) = O e
J J JE) =1 A [12][3(1—2)4)
dim-8 vivtotot [12]%[34])%, [13]%[24]?, [14]*[23]?
and momentum conservation to remove vtotuTo” [12]*(34)*
redundancies. LT A i [12]°[3(1-2)4)
vt fR T [13](24)[1(3—4)2)
vTvss [1(3 — 4)2)?
v fTf s [1231](23)
dim-9 vtoToTs [12]%(3123)
VARV S [34][1(3—4)2)?
dim-10 UARTARVRE [12]?[3(1 — 2)4)?




Four-point massive amplitudes

[Durieux, Kitahara, Machado, Shadmi, Weiss, 2008.09652]

spins ngcT ns  hel. cat. spinor structures Nperm min{dop }
8888 1 1 (0000) constant 1 4
vsss 4—3 3 (0000) [121),[131) 1 5
(4000) (1231] — [1231] — (1231) 21 7
ffss 4 4 (++00) (12] 2 5
(+-00) [132) 2 6
wss 109 9  (0000) (12](12), [131)[232) 1 4,6
(+000) [12][132) 4 6
(++00) [12]2 2 6
(+—00) [132)2 — [132)2 — (1322 21
ffvs 14—12 12 (4++00) [12]{[313), [323)} 2 6
(+-00) (13](23) 2 5
(+++0) [13][23] 2 6
(++-0) [12](3123) = ¢ 20 8
A A fac - A non—fac. (+=+0 sjla12) ‘7
4 4 4 FFFF 18 16 (++++) (12](34], [13](24] 2
(++—-) (12](34) 6 6
(+++-) [12][324) 8
vovs 35—27 27  (0000) [12][343)(12), [13][242) (13), [23][141) (23) 1 5
(+000) (12][13](23) 6 5
(++00) (12)2{[313), [323)} 6 7
(+-00) [13][132)(23) 6—4 7
(+++0) [122][13] [23] 2 7
(++-0) [12]2(3123) — ¢ $—0 9
N24(S’L) - | | (282 —|_ 1) vuff 46 538 36  (00++) (12) x {[12][34], [13][24]} 5
(004+-) (14)(231][23], (24)(132][13] 2 6
2 (0—++) (12)[34](241) — (12)[34]((241]/m; — (142]/my) 42 7
(0+++) (132] x {[12][34], [13][24]} 4 7
(0++-) (14)[12][23] 8 6
(+++-) [12]2(314) 4 8
(++++) [12] x {[12][34], [13](24]} 2 7
(—+++) (1231)[23][24] — ¢ 4-0 9
(++--) (12]%(34) 2 7
(+——+) [14][132)(23) — [14][132)(23) — [24][231)(13) 42 8
vovy 116 — 85 81 (0000) {[12](34], [13][24]} x {(12)(34), (13)(24)} 1 4
(+000) {(12][34], [13][24]} x [142)(34) — - -- g6 6
(++00) {[12](34], [13][24]} x [12](34) 12 6
(+-00) [13][14](23)(24) 12 6
(+++0) {[12][34], [13][24]} x [23][134) 8 8
(+4-0) [12]%(34)(324] — [12]?(34)((324]/m4 — (428]/m3) —--- 25 8
(++++) [12]2(34]2, [12][13][24][34], [13]2[24]2 2 8
(+++-) [12][13][23](4124) — & g0 10
(++--) [12)%(34)2 6 8




Bottom-up construction to WWhh

12((12
Four-point contact terms C’(V)[%?Zh[ ]<2 i + Cowhn

—-—I.-_-mW

» determined by factorizable part

y.



Bottom-up construction to WWhh

4 1 .
\ \ - \\
\ \ N N
N \ \ \
\ \ \
& — )
= ® 4 D+ ¢ (3 4)
s s 4
. . 4
7 / 4 ,
s s 4 ’
* /7
3 2 L7
renormalizable nonrenormalizable s-channel

t-channel u-channel

y.



WWhh: gauge invariance

Take high-energy limit for the transverse W [12](12) — [152,](1,2%)

), &) Kin) 5 (ikig) = mw

iQ) ( kfz

MOV+ W b h) — O0fa [162](£12) N 90, 2 ([13§1>[§242> N [14§1>[g232>>

TOWRRE16) T 2 \suR&l(lE) | suRel{1E)

— B COO 2 <23><24>
Take (£1,&2) = (2,1) MWW o h) = ==
or (61762) — (3,3) MW W~ h,h) 00,fac  (23)(24)

— C CWWhh <13><14>

00 2

. . . %
Gauge invarian 00,fac WWh
g ance requires ¢ 4 ; —0




WWhh: perturbative unitarity

Take high-energy limit for the longitudinal W

00 2

— 00,fac C S12

MW W™, h,h) D — Cowwhh T WA 5
2 2mW

2

00
: : 00,fac WWh _
Due to the gauge invariance  ¢70%, + = 0

Gauge invariance guarantee perturbative unitarity




WWhh: non-factorizable contact terms

spins nscT Ns hel. cat.

vvss 10 — 9 9 (0000)
(-+000)
(++00)
(+-00)

WTW ™ hh at E?
(0000)  [12](12)

(+ + 00) [12]°

(— — 00) (12)?

[Durieux, Kitahara, Machado, Shadmi, Weiss, 2008.09652]

spinor structures Nperm min{dop}

[12](12),[131)[232) 1 4,6
[12][132) 4 6

[12]2 2 6

[182)2 — [132)2 — (132]2 z2—1 8

[132)? + (132]?

is not independent

Match to D6 SMEFT

1
Colwin = 4(Cro — ZCHD)

C%/%A/hh — 4(CHW + iCHW)




WWhh: non-factorizable contact terms

spins nscT Ns hel. cat.

vvss 10 — 9 9 (0000)
(-+000)
(++00)
(+—00)

WTW ™ hh at E°, B
(0000) 131)

(+ + 00) 512

[Durieux, Kitahara, Machado, Shadmi, Weiss, 2008.09652]

spinor structures Nperm min{dop}

[12](12), [131)[232) 1 4,6
[12][132) 4 6
[12]2 2 6
[132)2 — [132)2 — (132]2 y 2| 8
[132)? + (132]?
is not independent
232) 4 [141)[242), 5,5[12](12) 2
12]° 2

(+—00)  [1(3 — 4)2)? 2




WWhh: non-factorizable contact terms

spins nscT

vvss 10— 9

(4000)

Ns

9

hel. cat.

(0000)
(4-000)
(++400)
(+—00)

[Durieux, Kitahara, Machado, Shadmi, Weiss, 2008.09652]

spinor structures

[12](12), [131)[232)
[12][132)
[12]?
[132)2 — [132)2 — (132]2

Nperm min{dop}

1 4,6
4 6
2 6

2 -1 8

[132)? + (132]?

is not independent

[12][1(8 — 4)2)(513 — 514) at E°




Collider phenomenology

@ In the 1990s, Lance Dixon and Yael Shadmi studied the tr(GA3) operator
and found that its interference with the SM QCD amplitude vanishes for 99 — g4
processes. This orthogonality is lifted in g9 — 999 processes [Dixon, Shadmi,

hep-ph/9312363].

@ Inspired by this work, we study the tr(WA3)operator in the process:

q¢ — YW, W — lv




Collider phenomenology: Wy production in pp collisions

The relevant production amplitude is A4 (dayW ™)

Here, we take all the particles as incoming

P1 P3 P1

d 4 d > f y Y+ d > pw Yo
’ Yd q“‘T yu
At SM ] .
ts L | O |-~ S
P2 W — p
. 9 9
Ai}\f__,_ = Ail\f(l, 1) = ;:f)qﬁ (slgTﬁu;n%V) (3cos @ + 1) cot (5) ,
. 9 9
AM = AM(2,2) = ved My 5~ (3cos@ + 1) tan (—) ,
V2eg(Qus13 + Qas23)[13][23 | | 3v2 (s12 — miy) 2
) (812 — mw)313323 Ao = G = 3 (oma — 12y} (3cosf +1),
2 » 13)(23 ASM(1,2) + ASM (2,1
AEM_ (dﬂ’)’W) — \/_eg(Q 813 + 2Qd823)< >< > [2pw]2, AE’I\EO _ 4, ( )+ 4, ( ) _ Ail\f_o,
’ (812 — miy)s13523 V2

) 0
AM = AM(2,2) = 9 512 3cosf +1)tan (—) ,
4, +— 4,+( ) 3\/5 (812 _ m%V) ( ) 2

) 0
AM = AM(1,1) = ‘69 512 3cosf + 1) cot (—) ,

Y.



Collider phenomenology: 4-point (D6 SMEFT)

Ow = W= and O = WIW"  4gr(wwy) = —3v/Zsw 0 (12)[13]123),
c6+ = Cw +iCl; AEFT (W) = —3\/§SWCX—’2_<12>(13)(23)

l Gluing

EFTe /[ 7— . Cé,+ 2Pw|[3Pw](12)[23]
Asy (A W) = 3V2gsw A2 S12 — My |
s, (1Pw)(3Pw)[12](13)
A2 S192 — m%,v .

AT (duyW) = 3v2gsw




Collider phenomenology: 4-point (D8 SMEFT)

At dimension-8, we consider two operators

AT (diyW) = S BPwl2(Pw — 3)1),

AEFTS (duy W) = 2= (3Pw )2 [2(Pw — 3)1).




Collider phenomenology: angular distributions

The leading EFT contributions are from the terms with same photon and W helicities

Ecw\’ Ecw )’
AP = i 6V2gsw co 4 (%) sinf + 416 cs (%) sin 6,

AEFT _ _; Ecm ? : . Ecm ! :
4—— = —26\/§gswcﬁ,_ A sinf +¢16cg _ A sin 6,

E 0
AT = i6gsw cos (—mWAQCM) sin® (5) ,

E 7,
Af’ﬁ% = 16gsw cg,— (—muszcM) sin? (5) ,

AEFT AEFT — O

The leading interference comes from opposite W helicities |AhW| = 2




Collider phenomenology: 5-point

— 6 ~€ ~
P2, —m2, 2 Ir=7J 2

| S AP + A (P) A§f(ﬁw>+A§f<Pw>]
P&,:m

1,J,1,J=1,2




Collider phenomenology: 5-point

Ty 2 2

T mw \ Mw 0 1+ cosf\?
AMZ o = — L2 4( ) 3005+ 1) tant! [ 2 sin 6’ o
selveo = — g9 (g - ) T (3cosf + 1)” tan 5 | sin 6 5 sin @',

I\ 2
|Aﬁs)l\i|%o = 16294@(3 cos + 1)2 tan®? (Q) (1 + cos @ ) |

| 1nt6| — ore Ecum ? mw 1 F cosf
LO g*swce+ (3cosf+1) | ———
A I'w 2

X sin? 0'{FRe[ce +] cos(2¢") + Im[cg 1| sin(2¢") },




Collider phenomenology: 5-point

*Proton contains both d and ubar

do 1

= F 20.0) + F, 2(r — 6
drd cos 0d cos 0'd¢’ (64%2)27&5;{ alAs 1 [°(0,0) + Fal As | ( ’W)}

Fd(xmim’r) = / i_mfl,d(x)fQ,ﬁ(T/x)a

Tmin

L d
Fiamnn) = [ T ha@ha(r/z)

Tmin

* We define the forward and backward distributions

Y do 1
d 0 = minsy / 9,1 ,a )
/o s rdcos bdcosBidy — (6an2)yzs” Cmin 70 0Y)
0 do 1
d 0 = B mins 9,7 ,a .
/_y 08 Y drd cos 8d cos 0'd¢’  (64m2)%s (Tmin; 7,0, 6, y)




Collider phenomenology: 5-point

FEB=f Z[ a4 cos(ng’) + bn¢, sin(ng’)] + ¢*

Fi(ﬂUmim 7') =

n

Fd(xmina ):tF(xmm, )

F..

Coefficient SM LO SM NLO SM NNLO dim-6 LO dim-8 LO
e*g* mw gt miy gt miy ECM 8v2eg® mw (Ecm '’
f —_— o 5 27reg sw — —_—
36 I'w 18 T'wEcm 72 T'wE&y 3 T'w A
2
’ Yy ’
a, 0 0 32 (1 — cos(20')) (1 cos(26")) (1 cos(26"))
X Re[ce +— 2¢6, ] (Re[cs +] + 2Recs,—])
by, 0 0 0 ? (1 — cos(26)) - = (1 cos(26))
x Im[eg 4 + 2¢, ] (Im[cs +] —2Im[eg —])
ay 0 0 0 0 0
— [(8y* +7)S, — 7] sin(20’
by 0 (3" +7)S, = 7] sin(26) 0 0 0
+12(S, — 1)sin¢’
(36y* + 40L,) cos ¢’ 4 (9y° + 10L,) cos &’
c” — (3y* +6Ly) cos(26") 0 —3(3y® +2Ly) cos(26) 0 0
— (92 + 18L,) —3(y* +6Ly)

Table 1: Coefficients in the F — B combination.




Collider phenomenology: 5-point

20

=— dim —6

= dim —8

10

EFT
A7 5
SM
A7 s
o

=10+

-20} Vs = 0.1TeV ; V5 =0.3TeV : V5 = 0.6TeV : Vs =1TeV

T I m a Ir

o 3
|
o A
l\.|i’f
B3|
=2
[ ]
|\:|‘::f—
o 3
Bl
| §H
~a
N




Summary

*We derive the four-point contact terms of the standard model particles,
keeping terms with up to quartic energy growth. It will complete the 4-point
amplitudes together with the factorizable parts.

*The on-shell method is a powerful tool for obtaining angular observables in
the process involving more than 4 external legs.

Thanks!
y.
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HEFT and SMEFT mapping

‘In == helicity of VVhh,
10 HEFT parameters and
8 SMEFT parameters

[HL, Ma, Shadmi, Waterbury, 2301.11349]

Massive d = 6 amplitudes

SMEFT Wilson coefficients

MWW hh) = Cwnn(12)[12] Cwhn = (CEI-:)THP - 3‘3&)%11)2)/2
M(WLEWEhR) = Ciyyyp,(12)? Civwrnn = 26w
M(Z1Z1hh) = O%y,(12)[12) Cnn = =217y
M(Z1Z1hh) = C7;,,(12)? O%2mn = SvCwwin + Sty Copmn + cwswEBw
M(gg+hh) = C, ., (12)2 Coth = CGCHH
M(yzychh) = C5(12) OS50 = svCwwam + CwCBBEE — CWSW B HE

M(v£Zhh) = C5 4, (12)?

+ ++ ++ 1.2 2 \ .+
C'yZhh = swewCpwan — SWewCspryr T 38y — ¢y )CBwan

M (hhhh) = Cppnp

Chhhh = _3C(HTH)2 + 45 v2c(HtH)3

M(f$ fhh) = CFjp,(12)

Cffihh = 3c$$HHHv/ (2v2)

M(f§ L WLh) = Cpp,[13](23)

Chion = (couiin — coati)/2

(
M(fEFWLR) = C;fwh<13> (23]

40 _ —+
Crwh = Cppyl

M(fSFWih) = CTiy,(18)(23)

Tt it
Criwn = Cyypwa/2

M(f§ f-Zih) = C;4),[13](23)

-0 P -0 o= (+ +—(—
C:LeLZh = _"\/50\11\1:1(11}’ Clj;I/LZh = _Z(C\II\IIISIH) + Cyy (152)/\/§

M(fe f+Zih) = Cj17),(13)[23]

—+0,CT - —
Crrzi, =~V 2y py

M(f$ f+Z+h) = CFi5(13)(23) Cin = —(swestity + ewes i y)/V2
M(fS fayeh) = CFiy (13)(23) CTion = (—swegwn + cweyysn)/ V2

M(q5q+gih) = Coit A4 (13)(23)

+++ +++
qugh = ClIl'(/)GH/\/§

y.



Schouten identity

g1 — g2V 1 g206PT =

’

0= (saﬁ 70 — 2P0 4 sa‘ssﬁ'y) )\{’,y)\g,a

= A — M+ XN

(1727ys = |27y (17|’ — nhy 271"




Massless dim-6 SMEFT

* Massless SMEFT contact term [Ma, Shu, Xiao '19]
« Each kinematic structure in the physical

amplitudes can be associated with a
specific operator in the Warsaw basis

[HL, Ma, Shadmi, Waterbury '23]

Amplitude |

Contact term

| Warsaw basis operator | Coefficient

T+ lmn

A(H{H§H{H'H™H"™) ik Oy /6 c(ut iy
A(H¢HSH*H') s12T M Oup/2 + Oun/4 oty
A(H¢HSH*H') (513 — 523)T ;" Oup/2 — Oyp/4 cE . 2
A(B*B*H{HY) (12)%8] (Onp £i0pp)/2 BEHH

AB*W!*HHY) (12)%(o")] Ouws £iOnws | Cswnn
AWIHW I+ HeHY) (12)25"74] (Onw +i0uyw)/2 | Civwan
A(g**gP+HeHY) (12)%6456] (Onc £i0yc)/2 | Gonnm
A(LseHsH*H') 127" Ocrr /2 S hunn
A(Q5 " HsH H') (12T} 68 Oan /2 CosnmmH
A(Q u"HSHRH') [12]€imT;'rkW52 Oun /2 COuHHH
A(eCeHEHY) (142)67 OHe/2 Conbrar
A(uSub HEHY) (142)675% Ok /2 Cotin
A(dSdPHEHY) (142)675% Ona/2 o
A(uSd®H HY) (142]€9 68 OHua/2 Coitil
A(LSL HEHY) [142)T75" (0. +0R) /8 | ik
A(LSL HGHY) [142)T7" (0. -0R) /8 | ciii
A(Q5, Q" HEH') 142)T37's% (3055 +05%) /8 | coann
A(Qs, @ HEH") [142)T773% (Ofip—Op)/8 | cogtin
A(LseB* H) [13](23]6 ~i0e/(2v2) ctipn
A(Qg d*BTHY) [13](23]57 8¢ ~i04p/(2V2) CQdBH
A(Q; ;u’BT HY) [13][23] €53, —i0uB/(2V2) COuBH
A(LseW'* HY) [13](23](o")] —iOew /(2V2) e
AQ; ;"W HY) [13][23](c") 3% ~iOaw /(2V2) Codw i
AQ5 wWITHS) | [13][28] (0" el —iOuw /(2V/2) CuwH
A(Qs g HY) [13](23]87 (A4)} —i0ac/(2V2) CodaH
A(QS jubgt H) [13][23]ei; (A1)} —i0uc/(2V2) ChuciH
AWIEWIEWEE) | (12)(23)(31)l 7K (Ow +i0y,) /6 T
Alg**gP¢%%) | 12)(23)B1) 457 | (O £i04)/6 erere




WWhh

Amplitude Contact term Warsaw basis operator | Coefficient
A(H{HSHZH'H™H™) TH™" On/6 it )
TjE Rl — (5 k 5 L4 5 kst ;) A(H{HH*H') s12THM Onp/2+Ono/4 | <y
A(H¢HSH*H') (13 — 823)T 5" Oup/2 — Onn/4 gHiH)Q

A(HCHCH’“HZ) ZJ; T+kl A2(313_323)Tz‘;kl

12](12) = S[1{hoth) 1oy %[12]@2) _ —%su

5[

cy — 3c_ [12](12)
2 A?

Ccy — 3C_ 1
' > WWhh = = 9 = 4(Cuo — ZCHD)

MWW, hh) =

A



HEFT and SMEFT mapping

Massive d = 6 amplitudes

SMEFT Wilson coefficients

MWW hh) = Cwnn(12)[12] Cwhn = (CEI-:)THP - 3021?%1{)2)/2
M(WLEWEhR) = Ciyyyp,(12)? Civwrnn = 26w
M(Z1Z1hh) = O%y,(12)[12) C%onn = 2y
M(Z1Z1hh) = C7;,,(12)? O%2mn = SvCwwin + Sty Copmn + cwswEBw
M(gg+hh) = C, ., (12)2 Coohn = CoGHH
M(yzychh) = C5(12) OS50 = svCwwam + CwCBBEE — CWSW B HE
M(v£Zhh) = C$Zhh(12)2 C—;I:Zhh = SWeW Sy — SWeWCpmn + 3 (st — )W an
-In ==+ helicity of VVhh, M(hhhh) = Chnt Chn = =3¢ty +45 Veqrimye
M(fS frhh) = Cyfp,(12) Ciinn = 3Cupunnv/(2V2)

10 HEFT parameters and -~~~

Cfrwnl13](23)

Chion = (couiin — coati)/2

8 SMEFT parameters M(fe FLWih) = C; 30, (13)[23] Crfn =ty
M(fEFiWh) = Cfir,(13)(23) Ciiwn = Cvywn/?
M(f$f-ZLh) = C;rf_zoh[13]<23> C:L_eSZh = —i\/§c$;}(f;}, C;LL;EZh = _Z(c\;\;ISI-;} + C\;\;(;})/\/ﬁ
M(fef+ZLh) = Crfp,(13)[23] C;erzO;{CT = —iv2c, yn
M(f§ f+Z+h) = CF7,(13)(23) Ciizn = —(swCugnm + cwCagivu)/V2
M(f5 faryxh) = CF5; (13)(23) CTion = (—swegwn + cweyysn)/ V2
M(g5qs92h) = CorioA(13)(23) Caagh = Cwpr/ V2

[HL, Ma, Shadmi, Waterbury ’23]
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