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© ULkl ) brap2, 1o (3 L) ReE 2, a2, U120 ;
[(L19p0) 2-22) -1 » ( 1/2070(p2 ,p3) viza(p1  p2)+128 (p2, ) et dBRC) B (p1, 1) obra i, D{UCLZ) »  2b(pt,p2)2b(pt )iz QA(Imkot (52, 1) *bralp2, 1)+g. (3, L) skt (p1, 1) braCp3, 1)<UC
FE2es123] 105121 + 1/282] (pL,p2)iza(pl,p2) +iza(pl pa) +rEGALATIPAN2-m-2] 1 # ( 1/202B(p1,p2)wiza(pt,p2)eizalpt,p3)
e Ry e B e e
e ) AT byt TSN VIS MU PR

*+ C - iza(pt,p2) iza(p1,p3) *iza (p2,p3) rt2 ) + WD) oKat(52, ) ebra(ed 1. ) LD akat 53, Debealet )
+ UB(L1)*iede (p2,-1) #bra(p1, ) #U(L2)+ [(L1+p1+p2)*2-n"2) "=t *{@1+ptyBrn-2) ~1[(Li+p1+p2) 2-n-2) =1 + ( - zb(pi,p2)viza
+ Ub(L1)*ket (p1, 1) #bra(p2,-1) #g._ (j,L1) #ket (52, 1) +bra(p3, 1) +HiQ)¥, p2]ezb (p1 ,p3) #1za (pi [p3) wre2es12"-1 ) 12a(p1,p3)*12a(p2,p3) smere2 )

B0 22211 & = 2bG.po)ein(pt.p)vishla g exszsad ot )

I AI31) tbra (pL, -1 UTDS) ket (52, 1) bra(p3, ~D) U (L) [(Litp1) “2-072) 1 +
B ket 51, Debmap . L ket g2, a2, DRI 2 211+ 1/282 (1, p2) iz Cpl ) +iza Lo p1,p3)viza(p2, "1 - 1/2020(p1
[(L1+p1) 2-5°2) 1+ [(L1+p1+p2) 2-0°2) 1 + ( iza(pl,p2)wiza(p2, pd emert2 P3)+iza(p1,p2)+iza (p2,p3) rmere2sa23"-1 )

)

+ UbCLadekes (g2, Onbra(pa,-0002) o (- zh(ptpemntez peaiatvns N S
e e R T e e R T 2b(pL,p3)*iza (p1, p3)wiza (p2, p3) +EUHEIDATI 2721 ~1 * ( zb(pt,p2)eiza(pt,p2) viza (p2,p3) w2
[(L1+p14p2) 2-0°2] -1 » ( zb(p1.p2) +iza(pl,p2) wiza(p2,p3) wrt2es1Z-1 )

+ Ub(L1) ket (p2, 1) sbra(p3, 1) *U(L2)* [(L1+p1+p2) 2-m'2) 1 = C

+ UB(L1) skt (pt, 1) vbra(p2,~1)vg_(] L1) ket (p3, ~1)+bra (p3, ~WITEADH) skt (p2,1) +bra(p3, 1) (L2 [(L1#p1+p2) 2-n"2] -1 # ( pRA/ZMiza(p2,pd)srt2esid"~1 )

[Qrp) 287211 = ( ~ 1/202b(p2,p3) *iza (p1,p2)+iza (p2, p3) wredsg@p) +iza (p1, p3) wmere2est2 1 )
) + Ub(L) sket (3, 1) bralpt,~D)sU(L2) * ( 2b(p1,p2)+zb(p1,p3)

+ Ub(L1)*ket (p2, 1) #bra(pt,~1) sU(L2)+ [(L1+p1)"2-m"2] -1 )Hrt2es123°-14512°-1 + 1/247b(p1,p2)#iza(p1,p2)+iza(pt,p3)
+ UB(L1)*ket (p1,-1)+bra(p2,~1)#U(L2)* [(L1+p1)"2-n"2] -1 + ( [L1¥jgwi) 2-n"2)"~1 * ( zb(p1,p2)+zb(p1,p3)iza(pl,p2)*iza(p2 POFird #512°~14513 ~ 1/2+zb(p1, p2)+iza(pt,p2)*iza (pl,p3) oz
P1,p2)#2b(p2,p3) #iza(p2,p3) #rt2+523°-1 ) T2 + 2b(pl,p2)*zb(p2,p3)+iza(pl,p2)eizalpl,pd)emert2 ) 512°-14823 - 1/202b(p1,p2)iza(pt,p2) +iza(pl, p3) #rt2es123"

+ Ub(L1) ket (pL, 1) #bra(p2, ~D#U(L2) * ( zb(pL,p2)+2b(p2, p3) widR(GL ket (52, 1) +bra (pl,~1) #U(L2)* [(LispLep2) 2-m2) =1 » (- AB(Ei kot (p3,-1) +bra (p3,-1)+U(12) * ( 2b(p1,p2)+2b(p1,p3)
B B Gt i et it o ) s i S TGS
S T e G 0T Lo 1) 31
2a(p1,p2)wiza (p2,
1u(p1,p7)'lzl(?2 ) rt2nsi23 -1xs12623°-1 ) + UB(L1) ket (p2,1) sbra(p1, 1)+6_ (3, L1) kot (p1, 1) *bra(p3, 1) sU (L2 (L) sket (p3, 1)+bra(p2,1)#0(12) * ( = 2b(p1,p3)#zb(p2,p3
[(Lisptep) 2-m72] -1 » m,,;,,,z).m(,,;,,,z).m(,,z,pa;.m.smmaz 5123°-14623°-1 - 2b(p1,p3) +iza(pt,p3)+iza (2, p3) x
DG Dog (L kek o1, Debea(pD, D)
ARG D Tt e € daa(pt o) essam g 02,0t 1, D25 (L0 b 62, aben(ead 1)-v(L:).
[@L1sp) 2-m20 "1+ ( 1 wiza(p1,p2) +iza(p2, 1) +bra(p3, DUA2) * ( zb(pL,p2)*zb(pt,p3)+s
Tt2+5123°-1#5127-1 - zb(p1,p3)*zb(p2,p3) *iza(pl,p2) +rt2esl
+ Ub(L1)*ket (pl,-1)+bra(p2, s)-u(u)-[(utp:) 282071 + ( -+ B Dot (p2, 1) +bra(pt, 1) +g._ (L1 +kot (p3, 1) sbra(pt,~1) sU(L2I"1 )
)eizalpl,ps) smert2es23 -1 [(L1pD) "2-02) -1+ [(L1+p1+p2) “2-02) -1 * ( - 2b(p2,p3)+iza(pl,p2)*
i2a(p1,p3) 172 (p2,p3) tmert2 )
+ UB(L1) ket (pL, ~1) #bra(p3, -1) 4g_(} L) #ket (p3, ~1) #bra(p1, -1) U (12)»
e e D L el ) rientet a2,y ben 31, g ) L e ol e T
Ptz ) PG O (R
za (p1, p2) iza (p1, p3) +iza (p2,p3) rt2 )
+ U ketp 1) SbraCp3, U2 L(dept) 221+ C a(ph,p2on
2(p1 52425 (2, ) 122 P, PO 4122 (52, ) 4EL24S23°-1 4 1/ 200 EDISE (P2, ) bra (pt, DY) L RSt (g3, ) hra g, DAL

+ UB(L) ket (p1,
(@) 2221
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G3tree(L1,1+,2+,3+,12) = + Ub(L1)+ket (p1,-1) #bra(p3, 1) «U(L2) * [(L1+p1) 2-m"2] -1
+ Ub(L1)*ket (1, 1) *#bra(p1,~1) #g_ (] L) #ket (p3,~1) +bra(pL, - 1D@NE2) 2-n"2) -1 & ( - 2b(p1,p2)+iza(p2,p3)smert2 )
[(L+p1+p2)2-m2) -1 * (- 1/2+2b(p1,p2) *iza(p1,p2) iza(pl,p3)+re2s

12" + UB(LL) kot (p1,~1)#bra(p3, 1)#U(L2) s [(L14p1)"2-m°2] =1 * (= 1/202b(
P2,p3)*iza(pl,p2) #mert2es23™-1 )

+ UB(L1)+ket (p1,-1)#bra(p1,-1)sU(L2)+ [(L1+p1)“2-a2] "-1+
[(L1+p1+p2)"2-m2] =1 * (= zb(p1,p2)+2b(p1,p3) +iza(p2,p3) +ree Vo miptset (p1,~1)+bra(p3, n«u(uy-[(u.pppn 2-m°2]°-1 + ( - zblp1
pz) 2b(p2,p3) +iza(p1,p3) rt2 - 2b(p2,p3)*iza(pl,p2) *iza (pl, pHPRV LIz (p2,p3) smert2+s12
2)

*fsa,;cm\*“ + Ub(L1) skt (p1, 1) ebra(pt, - V(LD *[(Li+piep2) 2-n2]

1 20
+ Ub(L1)*ket (p1,-1)+bra(pt,~1)sU(L2)+ [(L1+p1+p2) "2-0°2] "~1 » (zb{ph@2)+zb(pt,p3)+iza(pl,p2) wiza(pt,pd) mert2es12 -1 )+ Ub(L1)+ket(p2,1)*brapt, 1)*g_(j,L1)+ket (p3,1) +bra(p3, 1) U(

P1,p2)42b(p1,p3)+iza(p2, p3)+re2+512°-1 - 1/2+zb(p1,p2)+2b(p2,p3) +izal [(L1+p1) 2020 =1 + ( = 1/20zb(p2,p3)*iza(p1,p2) *iza(p2,p3)
PLLp*re2es12 -1 ) + Ub(L1) ket (p1, 1) *bra(pt, 1)+8_(3,L1)+ket (p1, 1) bra(p3, 1)U (12) )
KLieptpd) 22"t » (= 1/2vablol ) iza(pi p)vizalpl p0sas
+ Ub(L1)+ket (p1,1)+bra(pl,~1)+U(L2) + ( - zb(p1,p2)+zb(p2,pERa(pD) + wnsms g2 e T e T
J3)rt208123"10512°-1 ~ zb(p1,p2)#zb (p2,p3) »iza(pl p3) art2es123 1o rt2ea1237-1es12 -1 + 2b(pl,p2) vb(p2,p3)*iza (p2,p3) ert2est

23771 - 2b(p1,p3)+2b(p2,p3) *iza(pl ,p2) +rt2vs123°~1+523"~1 9 Ub(LL) sket (pl, 1) *bra(pl, )*U(L) * ( - zb(pl,p2)+zb(p2,p3) +saTptl - e g i S AT e
P3)ere2es 23" ~19812°1 - 2b(p1,p2)ezb(p2,p3)wiza(pl,p3) ert2es 12U (p2,p3) *iza(pl ,p2)+iza (p2, p3) rt2es123™-1 + 1/242

a1 D brma(e, 0o, LAk (22, st -0~ (ot 1) e o) ekoa R eraieizn st T R S

[(L1+p1)"2-m2) -1+ [(L1+p1#p2) "2-0°2) -1 * ( 2b(pi,p3)+iza(pl,p2)*iza(p2

LP3)*IE2 + zb(p2, ,,a).m(ps,pmumpn‘pa)mz ) + Ub(LL) wket (pL, 1)+bra(p3, 1) sU(L2)# [(L1+p14p2) "2-°2] -1 = ( 4/uiptcet (p2,1)+bra(p2, ~1)+U(L2)* [(Li+p1) "2-m2) "~ * ( 1

1P2)"2+12a(pL,p3) sre2es12 -1 ) P2)+2b(p2,p3) +4za(p1, p2) +iza(p2, p3) ert20a25"-1 )

+ UL skes ot 1) brap2, v 3 L) <kes g2, -Dsbraea 1) UL2)=

[@spt) 22211 * (1 +iza(p1,p2) +iza (p2, L D)*bra(p3, DaUMD) » ( zb(pL,p2)*b(pl,p3)+izh GCphmket (p2, 1) sbra(p2, 1)vg._ (3, L1) ket (p1, 1) sbra(p3, 1)U
Te2es123°-1ea12°1 + 1/202b(p1,p2)iza(pl,p2) +iza(pl, p3) rEGALEEIPAN2n 2] -1 * ( 1/2+2b(p1,p2)+iza(pt,p2)+iza(pt,p3)

+ Ub(L1) ket (pt, 1) #bra(p2, 1) +g_(j L) *ket (p2,~1) #bra(p3, ~1) sguiF /9013 - 1/2+2b(p1,p2) +iza(pl,p2) +iza (pi,pd) rt2es123 ~1eat2 -1+

olour Kot (p3,~1)#bra(pl, ~1)*U(L2) * [(L1+p1) "2-u"2] "~1[(L1+p1+p2)"2-n" 2Z31- 1/2+zb(pl,p2) +iza(pl,p2) viza(pl,pd)ert2vs123 -1 )

Introduc

Decompositior i
Spinor Helicit ¢
o1

Unitarity ﬂ(a)ﬁYRu(b) [1| + (s 1— m2) |3]
: Gs(a,1%,27,3%,0) =m s (s, — )
- (sa1 —m?2)(sa12 —m?) (12)(23) o
Generalized 59
Unitarity )

| P12z (p2,p3) *iza(p2,p3) re2+523° -1 ) Tt2 + 2b(p1,p2)*zb(p2,p3) +iza(pl,p2) viza(pl,p) mert2 ) $12°-14523 - 1/202b(pl,p2)+1za(pt,p2) +iza(pl, pa) rt2es12s-
esults
LES L . m,u.mk.up;, 1)#bra(p2,~1)#U(L2) * ( zb(p1,p2)*zb(p2,p3) v AR(2peket (p2, 1) *bra(pl,~1) ¥U(L2) # [(L1+p1+p2) "2-m"2] "~1 * <.mg.u,w<.ups -1)#bra(p3,-1)+U(L2) * ( zb(p1,p2)+zb(p1,p3)
Dizsanaiastsionianot o ab(pt po)em (72, p0)eina 200 otz i )i ) eiaa g2 ) merizenizt 4 /et it LIS E
Limits A28+ = 4/20eh (30, pS) 428 P ) w205 43D ocoeet2 - Los YEMME 1, P oS00 P09 emeEiEentZ o1
+ 1/2+2b(p2,p3)*+iza(p1,p2) +iza (p2,p3)4Tt2+5123"-1 + 1/242b(p2,p3)*
iza(p1,p2)+iza(p2,p3) ert2est23 ~1es120823 1 ) + Ub(L1) ket (p2, 1) +bra(pl, 1) g (3, L1)+ket (p1, 1) ebra(p3, 1) «U (20 (L1) *ket (53, 1) *bra(p2, )=U(12) * ( - zb(pl,p3)*2b(p2,p3
[(L1+p14p2) 2521 -1 +  2b(pL,p2)+iza(pl,p2) iza(p2,p3) ert2ns FIro2+s123°~19523"-1 - 2b(p1,p) +iza(pt,p3) wiza (p2,p3) 4z
+ UB(L1) ket (p1,~1) *bra (p2, 1) g_(§,L1) ket (p1, 1) *bra (p3, 1) 0(12)* )
[(L1+p1) 2-2°2) -1+ [(Lisp1+p2)“2-n-2) - iza(p1,p2)»izapily it (p2, 1) bra(p1, 1)+g_(j, L1) ket (p2,1) sbra(p2, 1) sU(L2)+
[(L1pD 2821 -1 + ( 1/2+2b(p2,p3) ¥iza(p1,p2) iz (p2, p3) wrt2edBCiot) ket (p3, 1) +bra(p3, D aU(L2) » ( zb(p1,p2)#zb(p1,p3)ws
Tt24a123°-1¢812°-1 - 2b(p1,p3) 2b(p2,p3)*iza (p1,p2) #re2es
+ Ub(L1) kot (p1,-1)¥bra(p2, n~u<u>~[<L..pn 282071 + ( -+ (DAoL (p2, 1)+bra(p1, 1) #g..(J, L1)+icot (p3, 1) sbra(pt, ~1) v (L2323~
)+iza(pl,p3) smert2ea23 -1 I P B RIO ] e n e

2a(p1,p3)»iza(p2,p3) smert2 )
+ DD sKetpl,=Dsbra(ed, “Dog_ () LDt 52, ebraC, e
UL 2 a0 1 (Lpheph 2221+ Cabipt gl SO 2, Dabra(p 1)) Lkt (03 D sbrn(s, () LDkt
Jpwre2 ) PE,1)*brap3, 1 wU(L2)» [(L14p1) 2-2°2] -1 [(LLsp1+p2) 2020 -1 = (
122 (p1,p2)*12a (p1,p3) +12a(p2,p) 4752 )
+ Ub(L1)sket (pt, 1) wbra(p3,~1)sU(L2)» [(Li+p1) 2-0°2) -1 » ( za(pt,p2)+
21,2z (72,3)faa(pt F2) i 2, )20 ™1 + 1/ 2RIV 52, )0bea (1, D083 L)k )b DU L2}
20(p2.p3)+i2a (p2,p3) 1t 24523 [(Livpt) 252 <1+ (= zb(p2,p3)+iza(pl,p3) iza(p2,p3) ort20523"~1 )
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BCFW Formalism Britto, Cachazo, Feng, Witten 2005

v("fsmcm‘*“& ]
1 1t 2+ | 37
I
2+ _ I B
T +
I
3+
Introduction L 1 L,
Colour
Decompositior
Spinor Helicity 2] = [2] —=2[3]
Unitarity |3> = |3> +Z‘2>
BCFW
Generalized = B[ L2[3) = [12]
Unitarity [3|L22)’ [13]
Results
Limits A et ot - 4 st 1 at
A(Ly,17,27,37,L = A(L1,17,27,—P A(P,37,L
N 2 ( )(L1+p1+p2)2—m2 y 2

1

+Aat, 2t —p) 5 A(L1,8%, La)

(p1 +p2)2 —m
(@) yru®) (1] (Poy s + (sa1 = m?)) |3]

(sa1 — m?)(sa12 — m?) (12)(23)

= m
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H-+n-gluons; n >2

%, S
Aeseancavt®

a(@)vru®) [l (Po1# + (sa1 = m?)) [3]

G3(a,1T,21, 37 ) =m

Introduction (sa1 — m?2)(sa12 —m?2) (12)(23)

Colour

Decompositior

Siofor Bleie; a(a)yRu(b) [1] (palpZ 1 (G = m2)) (¢a12p3 1L (i1 — m2)) 4]
Ga(a,1T,21,3t 4T by =m

Unitarity (sa1 — m2)(sa12 = mz)(5a123 i m2) (12) (23) (34)

BCFW

Generalized

Unitarity Ochirov 2018

Results

Limits

a(@)vru(®) W72 Pa. #5401 + (ar.s —m?) fin]

G a,1+,2+,...,n+,b =m
& g (sa1—m2)(sa12=m?2) ... (Sq1...(n—1) —™m?) (12)(23) ... (n—1|n)
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Pentagon coefficient of H+44-gluons

v v v, v 3 v
¥ = apf +,8p2+5(1|"/ \2]+5<2|'Y 1]

12 —m?= o, —v5(12) [21] — m? =@
((=p1)* -m*= o, =0
(I+p2)® —m? = a=0

v(13)[32]) +6(23) [31] + 523 =0
v(14) [42] + 6 (24) [41] + s234 — s23 = 0

(L+p2 +p3)® —m® =
(l+p2+p3+pa)’—m

e =EE © @
SRl L L

@(@)vRu®) (1] (Poy#y + (a1 = m2)) (Pa1aPs + (sa1z — m?)) 4]
(5a1 — m2)(sa12 — m2)(sa123 — m2) (12) (23) (34)

Ga(a,1T,21, 37 4T b)=m

try {1234}
(12) (23) (34) (41)

D e oy MWP2 W+ P2)P314] 4 2 oo
m” (4m 7Mh)W— m”(4m M)
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H+n-gluons; n=2 Wilczek 1977
Georgi, Glashow, Machacek, Nanopoulos 1978

Ax(1F,25 H) = 2m2H [(4m2 — M2)Co(p1,p2;m) + 2

gr=g> (1 2>
H+n_glu0ns; n=3 Ellis, Hinchliffe, Soldate, van der Bij 1988
4m? — M?
As(1F,2F,3,H) = m2 7h[__ Dol
3(ly, 25,355 H) i 12)23) (31 5512523 o(p1,Pp2,P3;m)

s$12 + S
= (512+513)Co(p17p23;m)} —2$}

(12) (23) 31)
{ 2 cyclic permutations }:|

+

S Seth (PRL, Ahmedabad) H +n-gluon IITH 30 Jan. 2020
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Neumann, Williams 2017

H-+n-gluons; n=4
+n-g ) Ellis, Seth
am? — M?
A 2t 3t at ) = m2|d ———— |t {1234}m>%Eo(p1, D2, p3, pa;
a(ly,2g,35,4,5 H) (12><23>(34><41>[ ry{ ym®Eo(p1,p2,p3, p4;m)
1
4F 5((812 + 513)(s24 + s34) — s14523)Do(p1, P23, P4; M)
1
+ 5312323D0(101,192,P3;m)

+ (512 +s13 + 814)00(1717;0234;7”)] aF 2

{ 3 cyclic permutations }]

s12 + 513 + S14
(12)(23) (34) (41)

Ris
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Seth

13

double complex function hjetmass_triangle_pppp_0_s234_mhsq_dp

(i1,12,13,14,za,2b,mt)
implicit double complex (t)
integer i1,i2,13,14
include ’types.f’
include ’mxpart.f’
include ’constants.

inchide scpreseiisel e
double complex ret
double precision mt
double precision cg
za(i2, 14)
b(i2, i1)

13 = 2!

t14 = zail, 12)
15 = za(it, i3)

16 * t

€17 = t13 % t5 + t16
18 = za(i1, i4)

19 = t14 * ©2

€20 = £15 * ti3

t21 = t18 * t3

€22 = 2

3, 412,% 524 * 527
* 12 * £24 - t5 * t8
. (t29 + t30)
* 125
= (£29 + t32)
B
€34 % 3 % £12 % £24 + t4 % t5
*
£86 * 13 % 112 £24 + 1 % ©7

24"%2 « v12 x 124 + ©
Gybggxen»tufts»ﬂ

T2 Caremn (6589 3 638 then; cg = 1d0; else; cg =
=cg * cdsqrt(t22 *k 2) 4 £19 + 120 + 21

-1d0; end if

30 Jan.

2020
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6 = -t118 * t117 * £108 * t65 * £86 * t53 - t119 * t17 * £33 * (
#157 + t56) * t79 * t24 - t121 * t4 * £50 - t122 * t73 * t49 * t50
#+ £63 * 73 * £17 * t49 * t24 * (£21 + £20) * t48 + t124 * £123 *
#84 % t25 % t26 % t76
t57 = 2 x 26

)
7
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Limits

Seth (PRL, Ahmedabad)

a8 §

%:2 (80 % £10 * 17 x t54 % €31 + 126 % £112 ¥ €17 x t1
#15 + £126 * t51 * £33 % t54) + (£128 = :114 * t81 - £130) * t71 *
LA+ U131 % ST X 879 % £62) x 122 ¢

2139 * }c14 * (£132 * t40 * t24 * £55 * t89 + css * t118 *
#6116 * t90) - t123 * t84 * £6 * t25 * t26 * t87) *

£56 = t48 * (£103 * t74 = t17 * t80 * t26 * t55 * n7s - 120 * £62
# % t73) + t51 % t56 + £17 * (t14 * (-t107 * t12 * £22 * t61 * t86
#% t83 + £104 x (-t55 x (t65 * t88 * £80 * t85 + t101) - t102 * t51
# % t67) * t87 + t105 * £22 * t89 * t12 * (t94 * t29 * t4 + £63 * (
#-t32 * t94 - £20) * t6)) + t26 * (t48 * (t103 * t77 * t82 * t74
#E79 * t55 * t76 + t109 * t18 * t52 * t64 * t75) + t110 * t83 * t74
# % 52 * £69 * t75 * t71) + (t55 * (-t94 * t14 * t15 * £37 * 89 *
# 85 + (£33 * (-t51 * t58 * t54 - t91 * t58 * t79) + t93 * t85 * t
#45) * t13 * t2) + t98 * (-t96 * £39 * t43 * t54 + t60 * (-t20 - t1
#9) * £50 * t49) - £99 * t14 * t70 * t81 * t43 * t79 * t55) * t24

# o 136,% (5134 1 H8 2 E1T X 126 471 % eB1 ¥ 1133 x t49) +
# 138 1+ 633 % 15 % t84 ¥ £17 % 54 ¥ t87 + tid
o
31 * t51
74
40 % ©72 * t81 * t33 * t79
16 * t25
42 * £31
* 12
3 % t85
5 * t31
4 x £39
5+ 125
4 * £25
5 * 185
50 * t55
* t5¢
* t7
52 * £51
* o1
3 % 125
56 * £31
3 % t17
58 * t74
* 128
7 * ©18
61 * t75
6 * 13
63 * t83
3 x t18
* 13
166 * t31
95 * t17
83 * t115
37 * £169
9 - 30
1 - £20
)
45 *"£50
52 * t18
38 % 18 ¥ £33 x 155
2 % t12 % ¢
38 % 6108 % ET7 ¥ £17 % £74 x 152 * LT5 * 79 % €55 + 15
¥ 120 s (6177 + ¢i76)
79 1oE148 1 T1T3 5 £BA x £78 ¥ t17 x A79 X €76 + £179 ¥ ¢
o, L84 % T127% €22 ¥ TET5 - £177 % t168 X 12 x v
£5!
* t1
79 * gl
184 = £60 * t2
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184 * 31
t139 * th1 % (t6 * (-t180 * t84 * 25 % t87 * t80 - £182

#190 * t116) - £183 % t173 * t84 * t78 % t87) * t15
t187 = t73_* tb4

€188 = £187 * t17 % (t65 x (175 * t171 % £52 * t71 + tdl * 20 %
#t51 % t45 + 98 * t172 * t48) + tO7 % t3 % (t15 x (-t174 * 52 * ¢
#54 * t70 - t154 * t50 * £40) - t42 * t51 % £55) x t43 * t14) * t24
£189 = £9 * £124 % £29 * t79 % (t161 * t113 * £33 + t4) * t81 * t7
189 = £142 1 1109, * 86 x £80 x (£59 ¥ 150 ¥ 163 + ©185) * 117
191 = 169 ¥ 124 132 '+ 184w 126x tod x

T8 T8 R Tatr e eH o178 3 T17 x (Cs18a"L (o147 x (v1a + (sa
#5 + £31) + :146) 1 158" C1de) + 1153 4 to1 » £36 4 452 % 155+t
#1561 * (t42 * t19 * t31 - t149)) * t24 * t73 + t155 * (t144 * (-t13
#7 % £32 * t8 * t89 x £116 + £30 * t135 * t71 * tB1 * £33) + t138 *
# £18 % t5 * t83 * 25 * t79 * t76 + £102 * (-t143 % t90 * t85 * t1
#16 + t141) * 28)) + £56 + (-t168 * (t59 * t115 x 25 * t89 * t116
# + £165 * t2 * t33) + £170 * t60 * t17 * (-t167 + t50) + t152 * (t
#3 x (t160 * t156 % £58 * t51 % t75 + (t157 + (£30 * t86 + £32 * t7
#5) * t28 * t83) * t51 x o =l ¢ G £33) + £117 * £19 * t51
§or (6162 + €31) 1 C64 ¥ €58 x ©28 % 186 ¥ 51)) % 22 v €12 % €18
#6 + t95 x £68 * £2 * £49 + nes + 15108 % $16T 47601+ 017 126

52 * t75 + t189 t190

e
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23

Spinor Helic

e
&

Unitarity

LEGNERTNOqS
Swa N
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s
&
o
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BCFW

t
€206 = t51 * t17

v . t207 = t206 * ((-t20 * t65 * t70 * t52 * t43 * t55 + (t147 + t148)
Generalized # + ©45 % £51 * t2) * £54 * t3 + t137 * t20 * £19 * 25 * t50 * t55
#) *x 24 * 73

£208 = t17 * (£20 * t113 * t18 * t71 * t79 * t52 - £205 * t4 * t71
# % £79 % t52 - 1204 * £126 * £20) * t22 * t12

- 56 = t2 * (t203 * t200 + t198 * t122 * t60 * (£201 * t71 * 62 %
Results #E75 - £202 * t89 * t53)) + t26 * (t124 * £103 * (t55 * (t101 + t19
#1) + 192 * t186) * t76 - €181 * £117 * t18 * t83 * t75) + 28 * (
. #5148 * ©65 * t86 * t17 * t83 * (-t189 * t177 % t55 * t80 - t150 *
Limits #5102 - £190) * t53 - t137 * £123 * t19 * t6 * t17 * t25 * t89 * t5
#5 * t177 * t116) + t56 + t197 * t73 * (-t2 * (t65 + t194) + t20 *
#(t2 * t188 * t47 * t45 + t50)) * t85 + £199 * (£195 * ti1 » t14 *
#t89 * £116 - t9 * £153 * t18 * t71 * t81) * t22 x t12 + t73 * (t14
#5 % (155 * t106 * t17 * t31 * £24 - t11 * t49 * t50) - t68 * td9
#x (£3 * t48 + £193)) * t51 + t135 * (£117 * 32 » 83 * £86 - t121
5 % 148 * t56) + £197 * t133 % €70 % 79 * t81 + £207 + 1208

Unitarity

£217 = t!
218 = £180 * t19

(PRL, Ahmedabad) Higgs+n-gluon
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Introduction

Colour
Decompositior

Spinor Helic

Unitarity

Generalized
Unitarity

Results

Limits

Seth

191 * t75

229 * t54

= £165 * (£33 x (£t206 * t62 * t13 + t13 % (-t180 * £186 - 22
#3) * £3 + £179 * (224 * £79 + £225)) + t3 * t2 * (-t145 * £32 * ¢
#28 * t51 + t209 * (-t156 * t221 + t206 * (t144 + t210 * (-t57 + t1
#66)))) * 86 - t213 * £60 * £13 * t17) * t22 * t12

©231 = t156 * t51 x t86 * t83 * (~t145 x t65 * t28 + £95 % (t54 »
#(t139 - £227) - t65 * £28)) * £22 * t12 * t58

©107 = t55 % (~t54 * (t138 * t77 * t17 * t74 % t72 * t81 * t54 + t
#119 * 28 * t31) - ©121 * (£226 + ©208)) + t190 * t83 * t17 x (-t2
#01 * £48 * 75 + t202 * t50) + (t83 * (£160 * t145 * (-t209 - £210
#) * t75 - £212 * t18 * t86 * t85) * £26 + £206 * (£t84 * (-t180 * t
#95 * £86 * t116 + t75 * (t54 * (-t144 + £107) - £207) * t14) + t17
#4 * t170 + 207 * £3 * t50 * t116 - t208 * t96 * t31) + t210 * t63
# % £83 * (-t175 % t75 + t213 * t53) * t177) * t22 % t12 * t15 + t2
#20 * (-t219 * (t165 * £177 + t217) * 79 + £150 # £17 * £86 * (t21
#4 - £218) + £17 * (t86 * (t51 x (£28 x (-t19 * t55 + t4) + t214) +
# 1215) - t51 * (t144 + t216) * t75) * t54) * t22 * t12 * t58 - t73
: Zg(cm * £203 + £230) * t51 + £186 + t231 - £193 * t135 * 73 *

8 * t17

e

%

*xlax
a® oo

SEGRS R %
% *
P
oo o
[Satoh 8ottt R
GRBRSTOS

&S
*xx
R

* 152

P

=

AR T SRR 2 S
P B R Y NS DA B e~

.
* * (£31 * (-t240 * t28 + t150 * (-t163 - £119)) +
#1242 * (-t178 * (£135 * t17 + £239) + t13 * (t55 * (-t238 - t28) -
# t106) * t51) # £75 - £243 * (£137 * 26 + t241) * t1) + t157 * (¢
#65 * (t195 + t245) + £240) - £248 * t75 * t54 * (246 * t54 + 1210
#) % t84 - t137 * t62 * t17 % (£247 + t13) + t249 * (-t124 * t106 =
# t8 - 244 * (29 + t32) - t186 * t140 * t52) * t83) * 122 * t12 +
# 252 * (-t250 * t15 * £7 * t51 * £86 - t196 * t187 * t91 * t34 *
#1552 - 251 * t8 x t71 % t62 * t33)

£263 =20 + t19

254 = £3 x

Higgs+n-gluon



Posatilicg

3
64 = t21 *
212 = £165 *

0!

%, S
Aeseancavt®
# 261 * t54) + t212) * t85) * t22 * t12

t(c51 * (158 * t13 * £33 * (-t259 + 1) + t106 * t2 *
# (-t119 * t20 * t75 - 256 * t13 * t86 - t257 * t133 * t86) + t260
# % (-t127 * t18 * £253 + t16 * t253 * ©188)) + t238 * £180 * t83 *
# t75 % (t264 - t8) + t54 * ((t225 * £26 + £262 * t255) * t33 * t18
# - £263 * £81) * t48 + t31 % (£17 » (t264 * t14 = (-t262 + £26) +
#162 * (-t139 * 20 + £261)) * t31 * £2 + t229 * (29 * t65 * t13 +

26 * 475

(€20 * (t3 * (£28 * (t253 * £105 * t86 * t50 + (t25 * t48 *
#L79 + t238 * t55) * t75 * t18) + t261 * t229 * t170) + £206 * (ti1
#8 * £66 * t86 - t265 * t75 * t79)) + t238 * (£214 * t21 * t86 + t6

roductio
Introduction #8 % £33)) * £22 * t12 * t83 + 271 * (-t268 * t70 * £24 + 257 * (

Colour #2 % (£180 = t140 * 48

Decompositior
#+ £269 * (~t145 - t95)

# % t51 + £257) * t22 * £12 % t83 *x

Spinor Helic
#86 + (t165 * t75 * t15

Unitarity

#£77 * t82 * t55 + £102) * t72) + t33 * (-t267 * 179 * £20 * t33 *
# £79 + 121 * £33 * (t18 * £25 * t79 + 180 * (210 + £209)) - 25
* t81 * t54 + £266 * t33) - £203 * t59 * t1

#4 % £33 * £79) * £22 * t12 * t84 + t162 % (-t241 * t91 * t3 * t13
* 31) * £22 % t12 - 272 * t79 * (£32 * t1

£72 = t16 * t72 + t2 * £150 + t83 * (t233 * (£208 * t115 * t17 * t

+ 231 * £86) * t54 * t1) - £179 * t124 % t
#75 * (232 * t55 + £192) - £234 * t226 * ti7 * t75) + £107 + t197
#* ©132 * £50 * t85 * (t14 * t34 + t29) + t237 * (-t234 * t71 * t52
# * £33 - £236 * (£235 + t187) * £33 + t142 * £137 * t60 * t6 * t89
# % £53) + t15 * (t13 * (t202 * (-t201 * t53 + £136) + (-t139 * £26
# % t85 * £54 + (t66 + t54) * t55 * t170) * 86 * t15 * £84 + t51 x

BCFW # (t14 * (£145 * £106 * t17 - £186) - £60 * t115 * t177 * t50 * t51

Generalized
Unitarity ¢ a
7 t2 t4

Results 84 x t13
361+ 183

Limits +t
£121 - 119

- 262 * £94 % t17 * t12

# %t
239

# - t163 * £106) * t86 * t15 * t83) + t3 * (~t203 * t62 * t83 * tid
# % t86 * £85 - t153 * £145 x t17 * t48 * £33 % t74)) * £22 * t12 +
# 262 * (-t29 * t88 * £80 * t90 * t85 * t116 + t101 * £83 * t25

€3 % £170
€2 * (t15 * (£115 * (8202 * £149 * t12 * 22 % £238 * t85 x
* €22 % £85) + t14 = (t86 * (-t133 x
* €28 % £12 * 122 * t85 + t241 x t177 = t51) - t174 * t137 x
* t12 % £22) + t163 * £91 x t12 x 22 x 33 * £79) + t274 ¥ t1
(-t239 * £25 * £86 + (t249 = t180 * td8 % t74 + t273) * t17 *
* £58) + t73 * (1252 * t31 * t61 + t51 * (t17 * (-163 - 162) +
* (-t180 - t106)) * t33 - £106 * t234 * t45) + ((t264 * t170 *
# £86 * t55 + 1210 * (t277 * 86 * t55 + (~t240 * t30 - t276) * t75
17)) % £22.x ©12 - £248 * 186 + (181 + ©135)) * ©15 * 183




353 €55
3 = -t282 * (252 * t42 * t40 * t24 * t81 + t160 % t91 % t3 * t
#33) + t59 % t83 % (-t217 * t1 * t86 + t203 * t8 x t75) * ti5
£284 = t165 * (t154 * (t119 * t33 + t121 * (-t31 - £33) - t163 * ¢t
#31) + £202 * (£209 * (£96 * (t160 * t239 - €269 * t86) + 226 * (-
#5278 + £33) * t13 + t254 * t160 * t86) + t19 * t7 % t28 * 186 * t5
#1 % (£279 + t3) + t205 * t160 * t48 * t52 * t33 * £79) - 260 * 12

#0 % £17 * (280 + £281) * £25) * 22 * t12
88 %80+ £90 * 85 x t1l6

e

* 85
(R R
* (£202 % (t3 * (t223 * t19 * t13 * t18 % £86 - £157 *
# £105 * t50 * £115) + £263 * t74 x t48 % t562 * t33 * t79 * (-t259
#+ 1) + t143 * t133 % t28 * t50 * t85 * t116) + (-t197 * t118 % t10
#5 % t115 * (t20 % t2 * t31 + t94) + (£52 * (-t126 % t79 * t75 + t2
#85 x £33) - £270 * t57 * t33) * t48 * t74 * t7) * 55 x ti77 + t28
#6 *x 86 * (1242 * t1 * t54 + £121 * t14))
©44 = £143 + t14 * (£73 * t51 * (£185 * £17 + t44 * (-t145 - £152)
# % £43) * t50 - £198 * £102 * t85 * t116 * t90) + t54 x t283 + t2
Introduction #x ©174 + £17 * (£150 * (£102 * 89 * t85 * t116 + £107 * 208 * t1
#37 * £53 + t83 * t82 * t86 * t55) + £108 * t4 * (-t135 * 86 + t18
#1 % £75) + £118 * t19 * t31 * (77 * t31 * t2 + £132 * t53) + £196
# % (-t155 * £37 x t48 % t52 * t79 + (t148  t48 + £39) x t85 * t47
# % £13) * t73) + t3 x (-£108 * 200 * t75 * t25 + £186 * t13 * (-t
#73 x £70 * t50 * t52 * t43 * 55 + (-td3 - t45) = t51 = £39 * £2))
# + £72 + £252 * £83 x £15 x (t242 * t10 * t86 * 85 - £152 x t159
#% 75) % £22 * t12 - £228 * t124 * £7 * t75 * (63 + t62) - t73 *
Spinor Helic #t2 * t51 % t55 * (t13 * t188 * t47 * td5 + t212 * t28) - 140 * t1
#7 % ©48 + (6270 5 £102 % £71 + £192 * t80) + 284 + t8B
70 = t186 4 7t160

Colour
Decompositior

itar B8 T kaE ok

[' nitarity bSO-tiAA** t2
143

BCFW

2
126 _* (c1eo * 52 - £13) - t121
£179 +

Generalized
= -t60 - t59

Unitarity

Results

+15
296 * 84 * (t266 * t7 * t87 + (t28 * (t284 * t8 - £241) -
# £295 * t8) * €76 % £18 - t9 * t144 * t74 x t48 x £79 x t76) + 28
#7 x (674 * (£217 * t113 * t48 x t52 * t289 x t79 * t75 + t113 * t5
#2 % £71 * £242 * 79 * t33) + t292 % £86 x t8 * (-t180 * 65 * 6
# £25 * £53 * £290 + t57) + (t253 * £175 * t29 * t48 * t52 - 1291
# £79) * t75 % t18) + (t54 % (-t293 * t15 = t283 + (-t59 * £20 + ¢
#21 * £284) * t49 * t48) + t294 * (-t95 * t62 + t63 * (t152 - t95))

Limits

4 x t73

16 * £28

164 * £28

t261 * £108 * t35

t148 * £84 * (-t30 * t10 * t7 = t79 * £76 + (t10 * t8 * £26
# % t85 + £297 * t7 + t182) * t87 * t14) + t287 * (£260 * t48 * td
#% 242 * £74 + t2 % (-t297 * t95 + t135 % (-t106 * t3 + t180 * (t5
#7 % £52 - £3))) * t75 % t18 + t213 % t63 * (£25 * (-t121 * t116 +
#t13 * (-t258 * t31 + t146) * t53) + £266 * t293 * t14)) + (t13 * (
#-t298 * t48 * t79 * t74 - £208 * t209 * t51) + 49 * (t153 * t113
#% £97 + £195 * (~t111 - t4)) + (£95 * £106 * £83 * 37 * t55 * £86
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# - 1262 * t83 * t85) * ti5 * t14) * t24 % t73
£182°="£180 * t91

H
*‘SEARCH\"% 298 * t15

©115 * (£201 x £60 * t104 * t6 * t87 + £293 * t51 * t83 * (v
#143 * t12 * £22 + £213 * (£200 * t38 * t8 * t53 + t196 * (t34 + t2
#60))) * 86 + t107 * t148 * t126 * (t200 * til * t53 + 262 * t13)
# * t31) + t2 * (t187 * t49 * t24 * t61 + t304 * (-t302 * t140 * t1
#2 * t71 * t22 * t52 + t303 * t40 * t24) * t79) + t83 * (-t301 * t2
#62 * £21 * £242 + 299 * (£28 * (t71 * (-t9 * t30 * t4 * t33 * t52
# + £262 * t30 * t4 * t81) + t196 * t36 * t52 * t48) - t262 * t275
#% 95 * £33) * t79) + t186 * t85 * t15 % t83 * (£250 * t12 * £22 +
Introduction # 73 % 25 * £24 * (t13 * t35 + £36 * t3)) * £86 - t303 * t60 * t2
#4 % t49 1 €301 % 130 * (-£305 * t91 * £33 - €262 * t51) % €84
Colour i ¢
Decompositior

Spinor Helic 306 * (“t9 * t141 * t29 * t4 + (£294 * t4 * t79 + (£250 * ©
#37 * t31 * t89 * t85 + t32 * (-t197 * t94 * t28 * t85 + t34 * t154
. # * t86) + t301 * t79 * (-t217 * t91 * t52 + t260)) * t55 * t15) *
Unitarity #£24 * t73 + 303 * (t115 * (£159 * (-t149 » t4 + t104) x t31 + t41
# % £50 x (t40 + £144 * (-t279 - t3) * t53) * t85 * t86) + t14 % (t
D #86 * (-t157 * £160 * £149 + t187 % t2 % t85) + t137 % t63 * t50 *
BCFW #153 * t70) + t201 * (t60 * (t48 * (t52 * (-ti121 - t163) + t217 * t
#81) - £100 * t91 * £2 * £33 * t38 - £253 % £33) + t257 % t62 * t71
‘ . # 1,852 ¥ (5125 ¥ £33 - £3))))

Generalized ]

Unitarity

Results

Limits €18 * (8304 * £100 * €7 * (~t277 * t52 * t55 + t252 * t8) *
#t71 + t310 * t75 * (t163 * t4 + t57 * (t10 + t9) * t54 + t119 * t1
#13) * t48) + t54 * (-t195 * t10 * t15 * t17 + t25 * t294) * t31 +
#t51 * (t4 * (t121 - t163) + t311) * t33 - t278 * £129 * t74 * t48
#- 1225 * 93 * t51 * t45 + T165 x (-t252 * £173 x 78 * 26 * 85
#+ £139 * (€232 * €25 * 50 * £85 + Ti81 x (-t145 * 125 + 1208 = (
#-£307 - £25)) + t106 * (£294 % t51 - £308)) + 179 * t156 » t68 -
#6300 * 164) * 86
t129 t163 t119
£68 = _£190 2 £139 » 6 x £89 % £53 - 1212 + £158 x £20 x 175 « 15
#3 + t272 * t103 * 58 + t17 * (t7 * (£t150 * t158 t53 - tl14
B3+ 15 % t80) + 130D 183 » 4115 » 186 * £50 ¢ 249 » (4102 = £2
#8 - t118 * £21)) * t15 * t83
103 = t2 = (t18 * (t88 * t33 » (1228 = t8 * 28 » 33 + £145 * 1
#65) + 304 * t128 = €7 * t52) + t74 = (£158 * £3 * 33 = t54 - €26
¥2 3 1285 + 1202 ¢ 162) + 160 1 120 162 193 * 1129) < 14

£99 = €29 v (415« (V197 * 3 + (c200 + 125 * 53 * 146 - £269) +

Seth (PRL, AN
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Results
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Seth (PRL, Ahmedabad)

52
202
115 * (t193 * t111 * t17 * £85 * t1256 * t86 + £126
17 % (6 * (t202 * 25 * 53 % €80 + £190 * t17) - £149 + £144
#) * £31) + t14 * (-t306 * t85 * (t208 * t1l * t26 + t187) * t86 +
#6160 * t137 * £50 * (-t281 * t50 - t145 - t11 * t50 * (t180 * t53
#+ t51))) + t2 * (£30 * £28 * t71 * t52 * £79 * (t265 * £52 + t9) *
# 33 + 28 * (-t205 * t117 * t48 * t79 + t91 * (t3 * (t54 * (-t305
# - t118) - t207) + t202 * £80) + t111 * £51 * t141) * £75) + t228
#% £79 * £52 * (~t194 + £13) + t224 * 183 * t69 * t75)

£205 = t117 - £166

* 1
*
e

7 * 89
161 = 262 * (t202 * £195 * t115 % t50 * £205 * t116 - t151 * 20
# % £94 * t17)

©40 = t155 % (t51 * (t2 * (t26 * (40 * t28 * 75 + t211 * (£254 *
# £86 + $302 * t75)) + t124 * t75 * (-t62 * t3 * (v211 + £28) + t63
# * (£163 - £121))) + t65 * t31 * (-£308 * t17 + £160 * (t112 * 13
# + £254) % t31 * 25)) + t219 * t122 * (£17 * (t54 * (-t180 * t21
#+ 214) + t9 * t25  t79) + t248 * £145) + t139 * t31 x (-t224 * t
#11 + £10 * (230 - £224)) * 85 + t143 * (-t262 # £21 * £75 + £156
# % (£100 + t65) * t86) + t235 % t124 * t10 * t71 * t79 * t33)

£40 = £183 + t51 * t68 + t2 * 93 + t15 * (t18 * (t48 * (£152 * t6
#0 * 17 x t52 * £141 x t33 + t215 * t164 * £100 * t75) + (£128 * t
#5 % 82 * t52 + £237 * t62 * t28 * t52) * t33 * t71) + t74 * ((t26
#0 * t158 * t125 * t54 + t260 * t17 * (t202 * t5 * t82 + t257 + t90
* £79) * t75 * t48 + t153 * 52 * t17 * (1269 * (v4 * t26 * 152

#)
#+ 63 * £5) - £279) * £33 * t71) + t66 * (t83 * (£t158 * t28 * t53
#x 31 + £233 * (88 * (t14 * t53 * 177 - t1 * t17) + t16 * £28)

#t86) + £262 * t168 * t55 * t116 x 238 + t174 * t53 * (25 * (t8 *
# (£66 * t4 * £63 * £177 - t168) - t191 * t17 * £60 + £154 * t13) +
# 269 * (-t154 + t168)))) + t310 * t21 * t33 * (-t144 * t52 - £23
FEESD) 1 L7+ £103 + £99 + 40 + 1151

687 121 + g1

WHT111 + £19 x 1170 % €50 + 1263 * (-t149 + t2
n) * £50 * t115 + t8 * t26 * t103) + t135 * (t156 * t26 + t128) + t
#139 * (t8 * (t117 + t57) + t65 # (£t232 % t202 - £279) * t63 * £25)
# % £85) x 86 + £193 x t53 * (18 t2B * (£103 * 55 + £95 * £25)
#+ E117 % 85 % £125 x £50 * t115) *

T84 = 7 133 H 1 e

©164 = £145 * (-t179 * $155% 16 % t33 - 198 * 73 * t50)

©40 = t15 % t151 + t83 % (-t247 * t147 * ©43 * t79 - t8 * t49 * t5
#4) + t83 x (t1 * (-t198 * t86 * t51 * t54 * t78 + £93 * (t201 * ©2
#9 * 71 * £52 + £137)) + £99 * (-t180 * t101 * t17 + £65 * (t266 *
# £195 * £118 - 221 * £17 * t82)) + t93 * t195 * £148 * t173 * 86
#) + t40 - 228 x t270 % £83 * ti71 + £15 x (t200 * t117 * t115 * t
#86 x £85 + (t17 * (t54 * (t51 x t68 + t215) + t207 * t51) - £248 *
# £85 % t46 * t50) * £86 * t14 + t179 x t8 * t28 x £75) x t84 + t12
#0 * t111 x t95 + 282 % (t51 * (t119 = t50 x t53 - t156 * td7 * t4
#8) - t136 * t17) + t117 * (t200 * t8 * t71 * t52 - 224 * t210 * t
#53) + t161 * £110 * t13 * t71 * t52 * t33 + t301 * £122 * (£306 *
#5110 * £33 - t145 * £26) + t246 * t153 % (t272 * t109 * t5 + 262
#r LT 5 ©52) x t48 - t1s4 + vi6d

78 = £26 %

53 2 186" %61

£109 ="t20 * t51

203

* (t51 * (-t144 * t86 + t216 * t75) + t215 * ¢
#239) + t163 * t75 * (t118 * t51 + t215))
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©183 = £193 * t31 * (~t51 = (t119 % t7 + £96 * £28) * t15 - £32 x
#L7 * (£145 + £95))

40 = t54 * (t108 * t25 * t151 * t86 + t174 * (-t25 % (£95 * £10 +
# £113 * £13) + (-t151 * t51 - £308) * t17 * t15) + £257 * 29 * t7
#1 * £81 + £168 * (t147 * t17 + t163 * (t124 * t56 + t25))) - t51 *
# (t19 * t1 * £133 * t39 * t51 * t54 * t45 + t117 * t29 * t8 * t89
#k £116) + £40 - £88 * t1 % £84 # £78 * t51 * (t281 + t7) * t86 + t
#83 * ((-£t206 * t7 * t115 - £300 * t170 % t53) * 55 * t50 - t88 *
#6227 * £195) * t31 + t83 * t4 % t15 x (t110 * t79 + t244 * £28) *
#L75 + t2 * (t54 * (t15 * (L7 * t48 * £165 + t93 * £13) + t21 * (t1
#17 * £51 + t118 % t48) + t275 % t95) + t55 * (t109 * £165 + t8 * t
#3 x (t51 * (t266 + £124) + t91  £28)) + t155 * (t93 * t1 + t91 *
#t165) * £79) * t33 + £173 + t168 * (-t171 + t57 » (t267 + £124)) *
#Ers v sdes

14 17

Hoa™-"¢1%4" s th2
151 = £1 * 2
£130 = t165 % (t2 * (t51 * (t31 * (t54 * (-t121 - t163) - 200 * t
#8) + £75 * (£119 * (£161 * t54 + £118) - t277 » td) + t28 x (-t208
# % t19 % 26 + t187) * t86) - £227 * t8 * t86 * t205 * t85 - t180
#k (t13 * t31 * t54 + t254 * t28 * t75) + t217 * t135 * t75) + t71
#% (-t130 * t74 * t28 * £33 + t270 * t176 * t177 * t74) + t178 * t1
#63 & £60 % 17 * t52 * +33).

F80°= 5% (E130 + t4 + +174 x 168) + £80 * (£192 x t15 * £177 * ¢
#48 * t74 + t219 * t148 * t83 * t17) + t165 * t199 % t82 % t81 + ti
#90 x £124 * (t164 % £17 + t165 * £52) - t145 * t73 * t48

©124 = 133 % tb1
€23 = £83 * (-t23 * £49 + (226 * t4 * t177 * £74 + t281 % (£4 * (
#1267 * £17 + £203) - t171) + t269 * t25 * (-t21 + £10)) * £75 % t1
#5) * t79
©164 = £122 % (-t57 * t51 * £33 + t120 * t55)
©158 = ©185 * (t158 * 20 * t89 * t116 + t124 * t49)

23 = t3 * (-t155 * t60 * t170 * td8 * t52 * t33 + t120 * t77) + t
#54 * £80 + £2 * (t54 * (t2 * (£33 * (t26 * (-t281 - t280) + t51 *
#t141 % £15) + t179 * t131 * t75 + 199 * t17 * (£t139 * £102 * t85 -
# t138)) + £113 * (-£99 * £83 * £170 + t120)) + £299 * (t291 * £17
#x £33 + t117 * t8 % t71 * (£t108 + t1) + t48 * (9 % (t17 * (t214 +
# t216) - t166 * £28) + t10 * (t141 * t25 + t93)) * t33 * t2) * t79
# + £99 x £122 * (t51 * (-t151 x t78 x t51 + t128) + t234 * t28 * t
#25) + 203 * £19 * £86 * (~t93 * t10 * t85 + £309 % t284)) + t40 +
# t42 x t14 * (-t152 * £145 % t45 + (£97 * (-t153 - £240) - £245) x
# £43 % £3) + t130 + £83 * t31 * (t54 x (-t210 * t117 + t60 * (128
#£355 Z £139)) + 65 * €7 * t221) - £10 ¥ T133 * 85 ¥ t49 + 23 +
#1161 - £188
7T R A
33 2 1L T T802 « v105 + t105 x (2262 % 3 + 122 x £29 5 (-t16

= * - * 52 * £129 + t1
322 7 88 1 Whed PRt T5N 00 1 B ety 2 hdy

# t188 * t75) + t40 * t89 * t15 * (-t4 * (t206 * t118 * ti + £309)
#+ £111 % £28 * £103) * t53

43 = 1210"x 1290

45 = £22: 58
£65 = t19 % t51
LI = 130 % 79
£78 = £166 * t87
2R e 1IN

38 2 B33 Shlao » w144 + 76 + €79 % t289 + 30 x (t14 x
#(-t160 * t62 * t76 * t51 + t78 * £69 * t85) - t175 * t29 * t13 * t
#76) + t175 % 32 * 29 * t13 * £87) + t262 * (-t186 * £195 = t31 +
# £261 * t79 * (-t160 * t3 - £253 + t296 * t48 * (259 - 1) * £222)
# % £74 - t45 * 213 x t218 * t87 x t67 + t209 * t51 x (t261 x (t24
#8 x ce4 * t116 * 33 + t45 * 217 * t33 - t163 * t19 - 20 * t38)
6533 1,0 EST 2 £33 % (120 + £10) + £3) x t54 + €96 * 126 * £86))

£99 = £210 * tha
96 = £80 * (t2 * (£30 * t14 * (£295 * t95 * t87 + (-t181 * £106 +
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# 180 * (-t181 - t135)) % t76 * t2) - t93 * t54 = (£100 * t7 + t8)
# % t74 + 215 * £142 * t95 % t87 + t109 * (t150 * t144 * t87 * t51
# 4 £32 * (t54 * (t281 + t7) * t26 + t297) * 87 + t69 * (t54 * (-t
#118 - £144) - £207))) + t262 * t21 * (-t96 * t195 * t142 * t87 - ¢
#20 * £75 * €79 * £242 + t99 * (t25 * (t86 * (-t137 * £67 * £21 + ¢
#145) - £162 * t75) + t96 * (86 - t75))))

€26 = £303 * t17 * t84 % (t32 * (-t281 * t161 * t79 * t76 + t121 *
# (£209 * t61 + t157 * (t189 * t14 + £18)) * t87 - t124 * t274 * ti
#B0 * £74 * t87) + t20 % (-t207 * £140 * t48 * t76 % t54 + t150 * t
#215 * t87 * t51 - €69 * £276 * t51)) + £96 + t38 + 1287 * ti7 * (t
#83 x (t32 * (195 % £144 = t14 * £87 - t161 * t7 * t79 * t76) + t2
#0 % (£8 * (t307 * £150 * t87 * t85 + £32 x t26 * t87 * t85) - t77
#% t7 * t76 * (£182 * t5 + t25))) + t262 * (-t45 * t286 * t32 * t87
# % t54 + t65 * (£2 * (t179 * £20 * t54 + £180 * (20 * t54 + t43))
# + 125 % (t54 * (t124 % t18 + 1225 % t15 + £20 * t95) + t43 x t145
#)) x t86 - t40 * t145 % t67 + 240 % t21 * t229 * £33 + t77 % 183
#% (£180 * t83 * t14 = t18 + t213 * (t45 + t169)) * t76))

38 = t17 % (t196 * t49 * (t122 * t51 - t254 * t98) + t262 * £20 *
# £83 x (t32 * t54 % £61 % t86 + t30 * t75 x (-t62 * t51 + £63 % t7
#2) *+ t132 ¢ t142 v €86 ¥ t51))

40 = 118 +
214 + ?
©45 = £212 * (t91 * (-t152 % t43 * t81 + (c302 + £254) * t54 * t52
#) ot £66, % £63 % (£94 x £40 - £122 - £302))

550010
(£300 -_£204) * ©17

= t54 * t52

= £66 * t48 * (t121 * t91 * t114 + 252 % (t5 * 82 * t15 * 4
#8 + t18 * (t48 x (£258 * 52 + t21) - t2) * t4 - t91 * t102 + £2 *
# (t5 * (-t140 * t48 * t52 * t65 + t236 % t29 * t52) + t15) * t7) +
# £236 * t101 * t15 * t177 * t52)

66 = t48 * t54 * (t48 * (—:134 * t127 * t81 + 66 * (£10 * (£125
#r £15 - £161) + t9 x t18 * (-t17 % (£20 * t55 + td) - t57))) + t26
#4 + £302)

©46 = £126 * (t14 * (t117 * (t15 * (t119 * t53 + t13) + t11) - t16
#6 * £46) + t256 * t46 - t119 * £10 * t15 + t250 * t17 * £112)
©5 = t2 * (t3 * (£t97 + £91) - t42 * t52 + t48 * (t9 * 128 * 48 *
#1552 - ©13) * t15) + t110 * t4 * t71 * t81 * (-t5 * t18 * 55 + t15
#) + £108 % t71 * (£113 * 21 - 20 * t4)
€21 = £91 % t52 * (-t163 x t114 * t48 + £202 * t255) + £288 * t55
#% (£194 - £13) - £226 * t39 * t62

€28 = £195 * (t47 * (t4l - t42) + £50 * t61 - t231 * £20 * £89 * t
#116)
t1 = t51 # (t144 * t19 + t89 * t63 + £225 * (-t92 - £293)) + t21 *
# t54 + £79 * t5 + t89 * (t85 * (t17 * (t6 * (-t63 * t14 * t61 - t1
#23) + 204 * (£10 - £19)) * 53 + £139 * t111 * (-£256 + t62) * t1
#16) + 210 * (-t156 * td4 + t111 * (t160 - t156)) * t53) + td8 * (t
#55 x ((-t163 + ©119 + t121) * t62 * t7 + ©264 * t13) - t152 % 152
#% £68) + t50 * (t55 * ((t160 - 269 - t156) * t53 * t8 + t65 * t13
#) - t94 * t51 * £147) + t145 * (t41 * t51 * tA7 + £98 * £3) + t79
# (64 * (18 * (-t203 % t4 * t81 + £16) - t1) + £9 * t172) * t71 +
# £85 % (t4 x (t14 * (-t204 * t177 * t116 + £151) - t1) + t11 * t61
#) * t89 - t62 * t94 x t85 * t50 + t67 + (£302 + t122 + :202 * (-t1
#4 % t255 - £20 * t8) * t53) * t61 * t50 + t66 + td6 + t2
= €17 * (£t209 * (£113 * t43 + t4 * t43) * t81 x t71 + :210 * t1
#16 * £89 * (-t111 * t40 - t4 * t40))

5 = t22 %% 2 * t12 ¥x 2 * £17 * t58 * t13 x t84 x (£18 * (-t179 *
# 119 x £25 % £76 * £79 + £99 * (78 * t283 - £93)) + £195 * t180 =
# £142 * 87 - £93 * t74 * t79)

Tet = -8 x t44 - 16 * £56 + t6 * (34 + t17 * 36 + t17 * t146 + t
#17 * £241 + t17 % ((£97 * t51 * t49 * (£19 * £64 + t20 * t64) * t6
#0 + 88 * (t95 x t2 x £37 * £33 x t65 + t30 * (t180 * £72 - £223)
#% £75 * £84 - £273 % £220 * t35 - £120 * t60 * t48)) * t24 * t73 +
# t59 * t148 * 84 * (t227 * t135 % t14 x t87 - t27 * £30 * t54 * t
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Introduction #76 + £200 * (£185 + £7) * 87 * t115) + £19 * t31 * t16 * (t14 *

C
#t193 * t4 * t31 * 85 * t70 + t159 * (-t149 * ti11 + £107)) + t174
) # % (t54 % (t51 * (t7 * (Y57 + t166) + t90) + t143) + ti57 * £70))
Colour €22 % £12)) - 4 * t23 - 64 % £26 + 48 % 38 + 12 * td5 + 6 * 13
Ls #+ 128 * t5 + 24 * t80 * (t195 * t32 * t8 * t86 - t162 * t7 * t79)
Decompositior #- 2% t1

hjetmass_triangle_pppp_0_s234_mhsq_dp = ret/32d0/(0,1d0)
- . return

Spinor Helic

end function
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4 H-+n-gluons; n=5 Ellis, Seth

%,
Aeseancavt®

6
am? — M?)
2 (
Asf,2f s 4t shH) = m h [ E ey By
(12) (23)(34) (45) (51)
i—1
Introduction 1
Colour = 5312323D0(P1,P2,P3;m)
Decompositior 1
— = [(s12 + s13)(s24 + s34) — s14523] Do(p1, P23, Pa; ™)
Spinor Helicit D,
1
Unitarity = [(s12 + s13 + s14)(s25 + s35 + s45)
BCEFW —s15(s23 + s24 + s34)] Do(p1, P234, P5; M)
Generalized —  (s12 + 513 + s14 + s15) Co(p1, P2345; m)]
Unitarity
2(s12 + 513 + s14 + s15)
Results _
(12)(23) (34) (45) (51)

Limits

+ {4 cyclic permutations}j|
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Coefficients of Pentagons in n=5 Ellis, Seth

E2x3xax5:

Ei12x3xax5:

Ei1x23x4x5:

Ei1x2x34x5 :

Ei1x2x3x45 :

Ei1x2x3x4:

S Seth (PRL, Ahmedabad)

€(9)

€(5)

€(6)

L _{2651
m2 [Etr*{2345}+ 523534545(tr—{265 }-1—351312)]

trs{123456)
tr_{5123 (1 +2)6}
trs{123456}
7m2tr+{54(2+3)1}tr_{123456}
tr5{123456}
2t {12(3+4)5} tr_{543216)
tr5{543216}
tr—{1543(4+5)6
—m2s19805 { (4 +5)6}
tr5{543216}
s125823834(tr— {4615} + 845851)]
tr5{543216}

2
—M~ 545534

1
m? [itr, {4321} +

H +n-gluon IITH 30 Jan. 2020 22



Soft Higgs limit

e

md (1 Y 1 m 1

Introduction ;% p_m = p—m;p—m

Colour
Decompositior

Spinor Helicit . m d
e Insertion Operator = ——
Unitarity v dm
BCFW 1 2 d
= —2
Generalized dm2

Unitarity

Results

Limits

d
+ ot +. 2 + ot
[An(lg,Qg,...,n H)]p = —2m W [An(l 2

grégr
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Soft Higgs limit: H+n-gluons; n=4

Bern, Morgan 1996

%,
Aeseancavt®

12][34] 1
A1t 27, 3% 4t :72[—[m4D D2, P3; M f—]
a( ) (12)(34) o(p1,p2,p3; M) 6
Introduction Ellis, Seth
Colour » e od 2 am? — M’QL 2
Decompositior A4(1g’29’3g ,4g;H) = m m[—tr+{1234}m Eo(p1,Pp2,P3,Ppa;m)

Spinor Helicit 1
e 4 5((s12 + s13)(s24 + s34) — s14523)Do(p1, P23, P4; M)
Unitarity

1
BCFW ar 5512523D0(p1,p2,p3;m)

Generalized

512 + 513 + s14
Unitarity C ) ; 2 AV VETY
nitarity +  (s12 + s13 + s14)Co(p1, P234 m)] + (12)(23) (34) (4 1) }

Results
S + {3 cyclic permutations}]

1 d

+ ot g+ 4+. — 92 + ot 3+ 4+
[,44(1g,29,39,zxg,H)]pH_)0 = -2’ [A4(1g,2g,3g,4g )]
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Large m; limit

S Dixon, Glover, Khoze 2004

%,
Aeseancavt®

4
Mh

A4(1+,2+,‘..,n+,H) < —
(12)(23) ... (n—1|n)

Introduction

Colour C, 2
0(p1,p2;m)
Decompositior 2m?2 24m4

1 (s23 + s12 + p? + P3 + P3 + Piog) +O( 1 )

m8

1 2 2 2 1
__1 _ (it rs o)

Spinor Helicit

Do (p1, P2, p3;m)

. . 6m* 60mS6 m8
Unitarity
BCFW E : ol
o(p1,p2,P3,pPasm) = *m‘i’ oy
Generalized
Unitarity 4
2 M

+ ot h
Results As(1F, 25 H) = 4Z—h
t 1lt (gv g’ ) 3<12><21>
Limits 2 Mz

+ ot s+, _ 2T
A3(lg. 24,34 H) 3 (12)(23)(31)

+ ot gt 4t 2 My
AT TR B A ) = e
3 (12) (23) (34) (41)
2 M}

As(1F, 28,38, af, 575 H)

T 37(12)(23) (34) (45) (51)
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Other Helicity Configurations

%, S
Aeseancavt®

Budge, Campbell, de Laurentis, Ellis, Seth

@ Momentum twistor

o All spinor quantities are not independent

Introduction
Ctollerz o Apply independent twistor variables after removing
Decompositio:

e phase factor

Spinor Helicit

® Analytic reconstruction via numerical analysis

Unitarity
e Study limiting behaviour of all possible spinor
quantities and kinematic variables

Ricailic o Get an idea of the possible denominator structure

Limits ® Equivalent scalar theory

L = (Dud")i(Dp); — Aol H

eth (PRL, Ahmedabad) H +n-gluon IITH 30 Jan. 2020



0 2
6.2.3  cryua G
”‘Ssaac\n” . Lo . . . . ~(0)
This coefficient is defined in terms of the corresponding coefficient with a scalar loop, ¢y, 34

('EZ)XJA( ,27 3t )— pllg)xﬂ(l 27 3 A )
{ )13 (34 - (24)° (U3 +4)11 <4\<1+2)\4]}
{12) (34) ([(3+ O] Bl +2)1]

Hreszed+{to2sasgof+{1os2030 00}

(6.10)

{ (2(3+4)1]
{13+ 2 311 +2)|4]

4 qoay (BIL+ 281 =401+ 2)4) <[ 5 Wpa- m)}} 611)

23 (s -s) 31323
[L2B4IE+4)2  2[12][34]

2 + o _
ng)xu(l 273540) =

A(1,2,3.4) (12)(34]

+{1<—>3,2<—>4}+{1<—>2,3<—»4,<>4—»[]}+{1<—>4,2<—»3,<>4—>[]}

where A is given by Eq. (B.2).

Limits

d) Hi n-gluon IITH Jan. 2020
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e

50
6.2.4 Cipey

A (1727370

3 19 q
S AL
49 287 B U0 +2)18) (252~ 524)
{12) {1 + 012 (31+ 24"

+2)13] (B +2)i3) 23] - [12] (14) 34])
(L2) U3+ B+ 27

B4R B0+ [P
[14]7 ((14) 24) (2(s15 — s24)

[12] (23)" 34] (2512 (523 — 514 — 941)+2s1;m+292,+ms“792;9“+2[12] (13) (24) [34]))
2
gLt ({14 —3 (s34 +s14) —

A1z + ) =2 (13) 28] (24 +3 13 (14)° (23))
(13 +4)[2) (3/(1+2)4*
s3y512 (6513 — 2514 + 2595 +2894) — 51y + 5% 535 812 813 $14 823
B+ 927 B +2)4 (LB +4)2° (31 +2)
susiast Q3+ W+H2R | (12) [13] @16+ @02 (3l + 912
(1(3+4)[2] (3](1+2)14] A(1,2,3,4) (1(3+4)[2] (3[(1+2)|4] A(1,2,3,4)
L QI3 4+ O GBI+ 2] (40 +2)}3] (104,3,2, DT,2.3,9) +A(1,2,3,4))
(1(3+4)127 (311 +2)[4 A(1,2,3,4)
Pt (2/(3+ 4)[1] (4](1 +2)}3] T1(4,3,2,1)TI(1,2,3,4) (513 + 514 + 523 + 524)
2

16+ 2] B+ 211 ALL 3,1y
s1234 (2](3+ 4)[1] (4](1+2)13] (513 + 514 + 523 + 54)
2 (1)

Limits

G+ 012 Bl + 2]
_ B0 423

)
AE+412 Bl +2H4]}

{14—»324—»4} {1(—}13{—?{()0—9[]}4—{16—0426—?3 HH}
where

A(.2.3.4)

(6.12)
T0(i, j, k, 1) = si + 55 — s — 851

(6.13)
+n-

IITH
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Summary

©® We have compact analytic results for Higgs+4-gluon
® Stable in the corners of phase space
® Advantageous to take various limits

@ Modern methods of simplifying amplitudes play crucial
role
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