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Status of 4top - theory
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Pure QCD (O(ah))
*NLO calculated some time ago [1206.3064]
*MadGraph@NLO matched with parton showers [1405.0301, 1507.05640]
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Status of 4top - theory
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Status of 4top - theory
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*MadGraph@NLO matched with parton showers [1405.0301, 1507.05640]
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Status of 4top - experiment
First hints for its existence found by ATLAS and CMS!

Standard Model Total Production Cross Section Measurements Status: February 2022

ATLAS Preliminary
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In one/two opposite-sign lepton final-state channel
+10/8 jets...

ATLAS __ +15
o7 = 26 £ 8(stat.) " 3(syst.) fb 2106.11683]

(;t%;/ls — 0120 fb [1908.06463]

In two same-sign / > 3 lepton final-state channel

at‘%;fLAS =24 + S(Stat.)fi(syst.) fb [2007.14858]

CMS _ +5.8
o7 = 12.672 5 1b [1908.06463



Uncertainties 4top
Uncertainty dominated by systematics!

Uncertainty source

(it cross section

tttt modelling

ttW+jets modelling +0.26 -0.27
it modelling +0.10 -0.07
Non-prompt leptons modelling +0.05 -0.04
1t H+jets modelling +0.04 -0.01
ttZ+jets modelling +0.02 -0.04
Other background modelling +0.03 -0.02
Charge misassignment +0.01 -0.02
Instrumental

Jet uncertainties +0.12 -0.08
Jet flavour tagging (light-flavour jets) +0.11 -0.06
Simulation sample size +0.06 -0.06
Luminosity +0.05 -0.03
Jet flavour tagging (b-jets) +0.04 -0.02
Jet flavour tagging (c-jets) +0.03 -0.01
Other experimental uncertainties +0.03 -0.01
Total systematic uncertainty +0.70 -0.44
Statistical +0.42 -0.39
Non-prompt leptons normalisation (HF, Mat. Conv,, Low m,+) +0.05 -0.04
rtW normalisation +0.04 -0.04
Total uncertainty +0.83 -0.60

Pre-fit impact on u:

6= 6+A0 0 = 6-A0
Post-fitimpactonu:
6 = 6+A0 0= 6-A0

—e— Nuis. Param. Pull

titf cross section
titt PS choice
ttbb 5FS vs. 4FS

ti+21c normalisation
titt u_and M

b-tagging: light jets mis-tag rates EVO

ttbb generator choice shape
ti+23b normalisation

ti+jets reweighting: non-tf subtraction
ti+2 1c generator choice shape
tt+23b 5FS vs. 4FS

ttB normalisation

JES modelling EV1

JES pile-up p-topology

tiB 5FS vs. 4FS

ti+light generator choice migration
JES flavour composition titf

tiH + jets cross section

JES flavour response
single-top-quark generator choice

Note: uncertainties in 1t W background modeling and in jet

energy scale / resolution also contribute substantially

ATLAS [2106.11683]
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Why 4top?

e Sensitive to the Yukawa coupling

Melissa van Beekveld

CMS [1908.06463] 137 fb~' (13 TeV)
| «zz Observed upper limit ’l'

50-_ = Observed cross section H
| === Predicted cross section /
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Why 4top?
e Sensitive to the Yukawa coupling

e Constrain EFT coefficients

« Effective four-heavy-quark operators (OQOQ(Q) and two-heavy-two-light four-quark operators (0Qqq)

e Dimension-6 operator H that modifies Higgs propagator

|
e |
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[2208.04962]
o (LO) = 6.46fb @ VS =13TeV 4-heavy 0), [fD]

cQQ8 cQQ1 cQtl cttl cQt8

Interference strength



Why 4top?

e Sensitive to the Yukawa coupling

e Constrain EFT coefficients

o Effective four-heavy-quark operators (QQQ(Q) and two-heavy-two-light four-quark operators (0Qqq)
 Dimension-6 operator H that modifies Higgs propagator

e Probe the presence of new particles

 Simplified DM models
e Jype Il two Higgs doublet models
e SUSY (both minimal and non-minimal models)

Melissa van Beekveld
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Improving perturbation theory

Fixed-order description of the total cross section

— n _ 2
0 = chaS = Co t+ C10, + GO T+ ...

n

|
(c, normalised to Far out of reach for 4top!
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Improving perturbation theory

Fixed-order description of the total cross section

O — ZCHO{;Z:CO+610£S+626¥S2+... /(((-f‘/-'
: \/‘(:;

Corrections can be predicted accurately in the limit that
L* > oo for 0’ ~ s (soft/collinear gluon emissions)

11 Melissa van Beekveld
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Resummation: A new series

o | 1
NLO | aSLz aSL aS
NNLO o L* a’L’ aZL?
NLO 'L el a7
1, (2)
_ g (aL) (a L)
Orocum = N(a)esc 575 0
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i.e. [hep-ph/0306211]
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Resummation: A new series

o | 1
NLO | a L oL a
NNLO | @ L* a;l’ oL’
NLO | @'l alLPN QL
1, (2)
_ g (a,L) (ar,L)
Orocum = N(a)e%s® 575 0

Leading-Log (LL)
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Resummation: A new series

o |1
NLO | aSLZ aSL aS
NNLO e L* a’L’ aZL?
NLO @l oL a7
1, (2)
_ g (a,l) (a L)
Orocum = N(a)e%s® 575 0

Melissa van Beekveld

i.e. [hep-ph/0306211]



15

Resummation: A new series

o 1
NLO | aL? a,L a
NNLO | ag L a’L’ aZL?
N'LO | a2 oL oL
1, (2)
_ g (al) o'“(al)
Orocum = N(a)es® 575 0

obeys perturbative expansion;
including O(a,) leads to NLL accuracy

Melissa van Beekveld

i.e. [hep-ph/0306211]
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Resummation for 4top

Logarithmic corrections grow large when \/E — M = 4m, (the absolute-threshold limit)

1 Mz
077 (N) = ‘[ dr V- m(T) T = T = X{ X, p
0

Transformation to Mellin space helps to obtain closed forms for the phase-space integrals

Usual factorisation for the hadronic total production cross section:

1 1

T
d'x2]§'(x29 /’t}%) J dp 0 (,0 ) 1]—>tttt (,0)
0 X1X2

partonic cross section obeys refactorisation
when all radiation is soft and/or collinear

1
m(p) J dxlfi(xlﬂ /’t}%) J'

0 0

Melissa van Beekveld



Resummation for 4top

Mellin-space resummed cross section
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Resummation for 4top

Mellin-space resummed cross section

— ~y

U. --S.. -.U. ] A; A,

ottt N ittt ittt

0> - (N)="Tr [ H..

z]—>tttt ij—tttt

Incoming jet functions
capture soft-collinear enhancements

U

|
Ai — EXP |:_g1(/1) + g2(/19 //tR/Ma //tF/M)
Needed at LL Needed at NLL

A=a;In (N) = a,(InN + yz)

18 Melissa van Beekveld



Resummation for 4top

Mellin-space resummed cross section

Soft function
captures wide-angle-soft enhancements

U

— ~J/

o..> -(N)="Tr [ H; 77 UjomiS

j—tttt

j— it ] Ai A]

Incoming jet functions
capture soft-collinear enhancements

ij—tttt

Result of RGE equation with evolution matrix

M/IN dq
27,,2 2
Ujjim (N, M7/ pg) = & exp [ —szﬁmf(%(g ))
3 HR q
And boundary condition at N = M/ uj
§ =50 4 BHRgn
Needed 4
19 at NLL Needed

at NLL



S MIN d , o N
Uiis (N, M? ) = P exp 7 Fl]—>tttt (as(q )) Lijsiii () = (7) Uit

20

Colour structure 4top

iR . _ . Needed
Soft-anomalous dimension (SAD) matrix at NLL

< T \
A N

Mixes colour structure — in general not diagonal in colour space

Melissa van Beekveld
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Colour structure 4top

MIN dq ,
- aS aS
Ujis (N, M lug) = Pexp J 2 Ly (aS(q 2)) L iaer () = (7) e (_> Lyt

MR
Needed Needed

at NLL at NNLL

qq — titt
303=3R3R3R3 —» 198=002x1)P2x8) P8 D8, ®10D 10 P 27

leads to a 6-dimensional SAD

SRE8=3R3R3R3 —m» 00108,08,D10010027=002x1)P2X8 D8 D8, 10D 10 27

leads to a 14-dimensional SAD

21 Melissa van Beekveld



n I
(134 + 156 + 2} (N -1} VNE -1 (~T13+T14 +T23 - T24)

ril= r4l« —
oy 2N SAD for gq
o2 1 ~T15 + T16 + T25 - T26
(~1.35 + 136 + L45 - 1L46) ¥ N& -1 rd2e . .
ria- = Ine (Full kinematics)
P L35 + L36 + LA5 - 146
VN =1 (~T15+T16 + T25 - T26) r43= T
r3s :
ZN N . S N "
- -LS6NC* + TIANG + TN - N + 134 + 156 -2 TI3 + 2 TI4 +2T23 -2 T24 + 2 In colour basis of [1207.0609]
. -
VNG =1 (<T13+T14 + T23 - T24) e 2 Nc
rd=
2 Nc —
VNt =4 (L35 + 136 + L45 - 146 - T15 + T16 + T25 - T26)
150 rass«
160 SR

“J35+136-1A5+146 -TIS5+TI6-T25+T26

[, 2 [46«
(~1.35 + 136 + 145 - L46)  N&* - 1 -
21« 2vy2
2Nc 510
“L36NC -LASNE -2NAE + 134 -2135+2136 42145 -2 146 + 156 + 2 R
r22=- VN =4 (=TI13+T14 - T15 + T16 + T23 - T24 + T25 - T26)
2NC rsz-
“TI12+TI4 +T23 -T24 2v2 Nc
3=
2NC f 3
VN -4 (<135 +136 + 145 - 146 - T13 + T14 + T23 - T24)
~“TIS+T16+T25-T26 I'53«
M4« 2v2 Nc
2 Nc
S
- VN -4 (135 + 136+ 145 - 146 - T15 + T16 + T25 - T26)
JNr-a (~T13+ T14 - T15 + T16 + T23 - T24 + T25 - T26) 54«
25« 2V2 N
2 V3 Ne e
T ki e rss---uwc-usnc- +TIANG +TISNG + TN + T26NE ~2NE + 2134 613546136 +6145-6146 + 2156 -6 TIZ+6TI4-6TIS+6TI6+6 T2 -6TH+6T25-6T26+ 4
26« 4 Nc
=

2v2
1l —m

— . — \_ - — -
UNE -1 (TI5+TI6+T25 - T26) FS6<— VNe' -4 (L36 145+ TI3 - TIS - T24 + T26)

I3l«
2 Nc 610
“TIZ+TI4 +T23 -T24
M2« TIZ+TI4-TIS-TI6 -T23 -T24 + T25 + T26
2 Nc 62«
3 3 3 3 2vr2—
“I3ANC +TISNC + T2ENC “Nc* + 134 + 156 -2TIS+2TI6 +2T25 -2 T26 4
33« 1354136 -145-146+TI3-TI4 +T23 -T24
2 Nc 63
22
~1.35 + 136 + LA5 - 146
34« “J354+136-1A5+1A46-TI5S+TI6 -T25+T26
2 Nc
64«
22

N
VN -4 (1354136 + 145 - 146 - T13 + T14 + T23 - T24) 1

. 65— y N 4 (L36-145+T13 - T15 - T24 + T26)

2v2 Nc 4
e R S D U e 136N ~LASNE + TIANG + TISNG + THNE + T26N -2 NP +2134-2135+ 2136+ 21452146+ 2156 -2 TI3+ 2 TI4 -2 TIS+ 2 TI6+2 T23 -2 T24 + 2 T25 -2 T26 + 4
: — 166

2v~ ‘Nl’



{i-2 + L34 + L56 + NcA24T13 + NeA24T14 + NeA24T25 + NeA24T26)/(24Nc), (-L35 + L36 + L4S — LA6)/(2+NeoSqrt—1 + NeA2)), (-L3S5 + L36 + L4S — La6)e(-4 + NcA2))/(2+Sqrti2] «Ne+Sqrtfd — 5eNcA2 + NeAd]), (-L35 — L36 + LAS + L46 - 24T23 + 2.T24)/(2+Sqrt{2] «Sqre—1 +
((-L35 + 136 + L4S — L46)a(~4 + NcA2))/(245qrt[2)+NcoSqrt[d — S+NcA2 + NeAd]), —((L35 — L36 — L45 + LA6)a(-4 + NcA2))/(@sNeoSqrt—1 + NeA2]), —((~4 + NeA2)o(L3S + L36 — L4S — LA6 + 24T23 — 24T24))/(d+Sqrtld — 5+NcA2 + NeAd]), (L35 — L36 + L4S — L6 + 24T
((—4 + Nch2)o(L35 - L36 + LAS - 146 + 24TI1S - 24T16))/(4+Sqrt|d4 — S«Nc*2 + Nc’d)), (Nco(d + L35 + 136 + LAS + LA6 + 24TIS + 24T16 + 24T23 + 24T24))/(4+Sqrt|-1 + Nc2), 0, 0, 0, 0},
{(-L35 + L36 + LA4S - L46)/(2«Nc+Sqrti-1 + NeA2]), (2 + L34 + L56)a(~1 + NeA2))/2+Na), 0, (-T15 + T16 + T25 - T26)/Sqnti2), 0, (-L35 + L36 + L4S — L46)/(2+Nc), 0, (-T13 + T14 + T23 — T24)/Sqr2], 0, (-L35 + L36 + L4S — L46)/2+Ne), ((-L35 + L36 + L45 — Li6)+Sqn S AD fOr g g
((-L35 + L36 + LAS - LA46)«Sqrt|-4 + Nc 2))/(4«Nc), ((-L35 + L36 + LAS - LA6)«Sqrt(3 + Noy/(1 + Na/4, ((-L35 + L36 + LAS - LA46)«Sqrtf(-3 + Noy/(—=1 + Nah/4).
(Full kinematics)

((-L35 + L36 + LAS - LA6)«(—-4 + Nc”2))/(2+Sqrt|2]«Nc+Sqrt|d — S«Nc” 2 + Nc2d)), 0, (4 + 24134 + 24156 — 24NcM2 - 24L344Nc*2 + Nc?24TI1S + Ncr24T16 + N 24T25 + Ncr24T26)/(4«Nc), (Sqrt]-4 + Ncr2)«(-T15 + T16 + T25 - T26))/4, (-1L35 + L36 + LAS - LA46)/(2«
(L35 + L36 + LAS - LA6)«(-12 + Nc"2))/(4+Sqrt|2)«Nc«Sqrt|-4 + Nc2)), (-135 - 136 + LAS + LA6 - 24T23 + 24T24)/(4+Sqr2)), 0, (L35 - 136 + LAS + LA46 — 44TI13 + 44TI14 + 24T23 - 24T24)/(4Sqrt|2]), ((-L35 + 136 + LAS - LA46)+Sqrt|-4 + Nc”2))/(4+Sqrt|2] «Nc),
(—24LAS + 24146 - L354(-2 + Nc) + LAS«eNc + LA64Nc - L364(2 + Nc) — 24NceT23 + 24NceT24)/(44Sqrtf2] «Nc), (—24LA45 + 24146 + [364(-2 + Nc) — LASeNc - LA64Nc + L354(2 + Nc) + 24NceT23 - 24NceT24)/(44Sqrt2]«Nc), ((-L35 + L36 + LAS - L46)«Sqrt|-12 - 164Nc
(L35 - 136 - LAS + LA46)+Sqrt|-12 + 164Nc = Nc”*2 - 44Nc*3 + Nct4))/(4+8Sqrf2]«(2 = 3«Nc + NeA2p), (=135 - 136 + LAS + LA6 - 24T23 + 24T24)/(2+Sqr2)«Sqrtf-1 + NeA2)), (-T1S + T16 + T25 - T26)/Sqm2), (Sqrt|-4 + NcA2]«(-T15 + T16 + T25 - T26))/4,
—(4 + 24134 + 24156 - 24Nc”2 — 24L344Nc*2 + NcM24TI1S + Nc224T16 + N 24T25 + Ncr24T26)/(4«Nc), 0, (<135 - L36 + LAS + LA6 - 24T23 + 24T24)/(4+Sqr2)), (L35 + L36 + LAS - LA6)«Sqrt|-4 + Nc 2])/(4+Sqr2)«Nco), (-L35 + 136 + LAS - L46)/(2+No),
((-L35 + L36 + LAS - LA6)«Sqrt|-4 + Nc”2))/(4+Sqrtf2)«Nc), (-135 - 136 + LAS + LA6 - 44TI13 + 44TI14 + 24T23 - 24T24)/(4+Sqm2)), (L35 - L36 — LAS + LA6)«Sqrt|-4 + Nc”2))/(4+Sqrt2)«No), ((-L35 + 136 + LAS - L46)«Sqrt|-4 + Nc”2))/(4+Sqrt2]«No),
(Sqrtf(3 + No)/(2 + 2N «(L35 + 136 - LAS - LA6 + 24T23 - 24T24))/4, (Sgrt|(=3 + No)/(=1 + No)j«(=L35 - 136 + LAS + LA6 - 2.T23 + 2.T24))/(4+Sqrt 2},

(=135 + L36 + LAS - LA46)«(-4 + Nc”2))/(2+Sqrt|2]«Nc«Sqrtd — S«Ncr2 + Ne2rd)), 0, (-L35 + L36 + LAS - LA46)/(24Nc). 0, —(4 + 24134 + 24156 — 24NcH2 - 24L564Nch2 + Nc?24TI13 + Nc224T14 + Nct24T23 + Nehr24T24)/(4«No), ((-L35 + 136 + LAS - LA6)«(-12 + Nc'2))/(4+Sqrtj2) «Nc«Sart|-4 + Nch2)),

(L35 - 136 + LAS — LA6 — 24TIS + 24TI16 + 44T25 - 44T26)/(4+Sqry2)), (Sqrtj-4 + NcA2)«(-T13 + T14 + T23 - T24))/4, (L35 - 136 + LAS - LA6 + 24TIS —- 24T16)/(4+Sqr2)), ((-L.35 + L36 + LAS - L46)«Sqrt|-4 + NcA2))/(4+Sqrtj2] «Ne),
(24145 + 24146 + LAS«Nc - LA64Nc + L354(2 + No) = L364(2 + Nc) + 24NceTI1S — 24NceT16)/(4+Sqrtf2]«Nc), (—2+41A4A5 + 24146 — L354(-2 + Nc) + L364(-2 + Nc) — LAS«Nc + LA464Nc - 24NceTIS + 24NceT16)/(4+Sqrt|2]«Nc), ((-L35 + L36 + LAS - L46)«Sqrt|-12 — 164Nc = NcA2 + 4«Nc”3 + Nc2d))/(4+Sqrtf2]«(2 + 3«Nc + Ncr2)).
(L35 - 136 - LAS + LA46)+Sqrt|-12 + 164Nc - Nc”*2 — 44Nc*3 + Nct4))/(4+8Sqrf2])«(2 = 3«Nc + NeA2p), (L35 - 136 - LAS + LA6)«(-4 + Nc”2))/(4«NceSqrtf-1 + Nc”2)), (-L35 + L36 + LAS - LA46)/(2«Nc). ((-L35 + 136 + LAS - LA46)«(-12 + Nc"2))/(4+Sqr|2)«Nc«+Sqrt|-4 + Nc*2)).
(=135 - 136 + LAS + LA6 — 24T23 + 24T24)/(4+Sqr2)), ((-L35 + L36 + LAS - LA6)«(-12 + Nc*2))/(4+Sqrt|2] «Nc«Sqrt|-4 + Nc”2)),
(32 + 724136 + T241AS - 724146 + 164156 - 164Nc”2 — 144L364Nc” 2 — 144LASeNc 2 + 104LA464Nc 2 — 44L564Nc 2 + 24Nchd + L364Nc 4 + LASeNc ' - 4ol344(-4 + Nc'2) + 24L354(-36 + SeNc”2) + BaNc24TI3 — 24Nc 4aTI13 + BaNc 24T14 - 24Nc*44T14 + 44Nc*2.TIS -
Nc 44TIS + 4eNc 24T16 = Nc?44T16 + 4eNc?24T23 = Nc 4aT23 + AeNc 24T24 — NcM4aT24 + BaNC 24T25 — 24Nc 44T25 + BaNc?24T26 - 24Nc*44T26)/(BeNce(-4 + Nc'2)).
(44135 — BoLlAS - 44146 + LAS«Nc” 2 - L364(-8 + Nc'2) + 44TIS — NcMr24TI1S - 44T16 + N r24T16 + 124T23 = Nc?24T23 — 124T24 + NcM24T24 — BaT25 + 24N 24T25 + BaT26 — 24N 24T26)/(B«Sqrt|-4 + Nc/2)), (L35 - L36 + LAS - LA6 + 24TI1S - 24T16)/(4+Sqrt2)).
(—44L35 — BalAS + 44LA6 + LASeNc 2 - L364(-8 + Nc*2) + BaTI3 - 24N 24TI13 — BaT14 + 24Nc 24T14 — 124TIS + Nc 24TIS + 124T16 — Nc?24T16 - 44T23 + Nc?24T23 + 44T24 - Nc*24T24)/(8+Sqrt|-4 + Nch2)),
(24135 — 24145 + 24146 + 24NcH2 + LASeNC?2 + L364(=2 + NcM2) + Ncr24TI1S + Ncr24T16 + Ncr24T23 + NeMr2+4T24)/(8«No),
(44LAS — 44146 - 44LAS«Nc + 4eNc 2 + LASeNcH2 + LA64Nc” 2 + L3642 + NO)*2 + L354(-4 + Nc”2) — 4eNceTIS + 24Nc” 24TI1S5 + 4eNceT16 + 24N 24T16 + 4aNceT23 + 24Nc 24T23 — 44NceT24 + 24Nc*24T24)/(B«NcoSqrt]-4 + Nch2)),
(A4LAS - 44146 + L364(-2 + No)*2 + 44LAS«Nc + 4eNc 2 + LASeNcH2 + LA64Nc” 2 + L354(=4 + Nc'2) + 4eNceTIS + 24N 24TIS — 4eNceT16 + 24Nc 24T16 — 4eNceT23 + 24Nc?24T23 + 4eNceT24 + 24N 24T24)/(BeNc+Sqrt|-4 + Nc”2)), —((L35 - L36 - LAS + LA46)«(-6 + Nc + Nc*2))/(B«(2 + Nc)«Sqrt|3 + 4«Nc + Nc”2)),
~((L35 - L36 - LAS + LA6)«(-6 — Nc + Nc*2))/(Be(=2 + Nc)+Sqrt|3 — 4«Nc + Ne 2} {=((=4 + Nchr2)«(L35 + L36 — LAS - LA6 + 24T23 — 24T24))/(4+Sqrt|4 — S«Nc”2 + Nerd)), 0, (<135 - 136 + LAS + 146 — 24T23 + 24T24)/(4+Sqry2)), ((-L35 + L36 + LAS - LA46)«Sqrt|-4 + Nc*2])/(4+Sqrtj2)«Nc),
(L35 - 136 + LAS — LA6 — 24TI1S + 24TI16 + 44T25 - 44T26)/(4+Sqrtf2]), (44135 - B4LAS - 44146 + LAS«NcH2 - L364(-8 + Nc”2) + 44TI15 = Nc*24TIS - 44T16 + Nch24T16 + 124T23 — N 24T23 - 124T24 + Nc 24T24 - BaT25 + 24Nc 24T25 + 84T26 — 24Nc*24T26)/(8+Sqrt|-4 + Nc2)),
—(8 + 44134 - 64135 + 64136 + 64145 — 64146 + 44156 — 24Nc”2 - L364Nc*2 — LASeNcH2 + 24Nc 24TI13 + 24Nc 24T14 + Nc?24TIS + Nct24T16 + Ncr24T23 + N 24T24 + 24Nc 24T25 + 24N 24T26)/(BeNc), ((-L35 + 136 + LAS - L46)+Sqrt|-4 + Nc”2))/(4+Sqrt|2] «Nc),
(24135 - 241AS + 24146 + 24Nc”2 + LASeNc 2 + L364(-2 + Nc”2) + Nc*24TI1S + Ncr24T16 + Nc?24T23 + Ncr24T24)/(BaNc), (Sqrt]-4 + Nc 2] (=136 + LAS - 24TI13 + 24T14 + TI1S - T16 + T23 - T24))/8, (24LAS - 24146 - LAS«Nc + LA64Nc - L354(2 + N¢) + L364(2 + Nc) = 24NceTI1S + 24Nc«T16)/(8+No),
(=24LAS5 + 24146 - L354(-2 + No) + L364(-2 + Nc) - LAS«Nc + LA464Nc — 24NceTIS + 24NceT16)/(B«Nc), (Sqrt]-12 - 164Nc — Nc*2 + 44Nch3 + Nerd)o(L35 + 136 - LAS - 146 + 24T23 - 24T24))/(B«(2 + 34Nc + Nc”2)), ((=6 — Nc + Nc 2)«(L35 + 136 - LAS - LA6 + 24T23 - 24T24))/(B+Sqrt]-12 + 164Nc - Nc*2 - 44Nc*3 + Nerd),

(L35 - 136 + LAS - LA46 + 24TI1S5 - 24T16)/(2+Sqrt2)«Sqrtf-1 + NecA2)), (-T13 + T14 + T23 - T24)/Sqry2|, 0, (L35 + L36 + LAS - LA46)/(2«Nc), (Sqrt-4 + NcA2)«(-T13 + T4 + T23 - T24))/4, (L35 - 136 + LAS - 146 + 24TI1S - 24T16)/(4+Sqr2)), (L35 + L36 + LAS - LA6)«Sqrt|-4 + Nc”2))/(4+Sqrt2)«No),

~(4 + 24134 + 24156 - 24Nc”2 — 24L564Nc*2 + Nch24TI3 + Nc224T14 + Nc?24T23 + N 24T24)/(4«No), ((-L35 + L36 + LAS - LA46)«Sqrt|-4 + Nc 2))/(4+Sqrt|2]«Nc), (L35 - 136 + LAS - LA6 - 24TI1S + 24T16 + 44T25 - 44T26)/(4+Sqr2)), (L35 - L36 - LAS + LA6)«Sqrt|-4 + Nc”2))/(4+Sqrt|2] «No),
((-L35 + L36 + LAS - LA6)«Sqrt|-4 + Nc”2])/(4+Sqrtf2)«Nco), (Sqrtf(3 + No)/(2 + 24Nc)«(-L35 + 136 — LAS + 146 - 24TIS + 2.T16))/4, (Sqrtl(=3 + Nc)/(=1 + N¢))«(L35 - L36 + LAS - LA46 + 24TIS - 24T16))/(4+Sqrt2)).
(=4 + Nchr2)o(L35 - L36 + LAS - LA6 + 24TIS - 24T16))/(4+Sqrtjd — S«Nc”2 + Ncrd)), 0, (<135 - L36 + LAS + 146 — 44TI3 + 44T14 + 24T23 - 24T24)/(4+Sqr2)), ((-L35 + L36 + LAS - LA6)«Sqrt|-4 + Nc”2])/(4+Sqrt|2]«Nc), (L35 - 136 + LAS - L46 + 24TIS - 24T16)/(4+Sqry2)),
(—44L35 — BaLAS + 44LA6 + LASeNc 2 - [364(-8 + Nc*2) + BaTI3 - 24Nc 24TI13 — BaT14 + 24Nc 24T14 — 124TIS + Nc 24TIS + 124T16 — Nc?24T16 — 44T23 + Nc?24T23 + 44T24 - Ncr24T24)/(8+Sqrt|-4 + Nc”2)),
(24135 — 24145 + 24146 + 24Nc”2 + LASeNc 2 + L364(-2 + Nc”2) + Nc 24TIS + Nch24T16 + Nc?24T23 + Nc*24T24)/(8«Nco), ((-L35 + L36 + LAS - LA46)«Sqrt|-4 + Nc 2))/(4+Sqrt|2] «No),
—(8 + 44134 - 64135 + 64136 + 64145 — 64146 + 44156 — 24Nc”2 - L364Nc*2 — LASeNcH2 + 24Nc 24T13 + 24Nch24T14 + Nc224TIS + Nchr24T16 + Nc224T23 + N 24T24 + 24Nc 24T25 + 24Nch24T26)/(BaNc), (Sqrt]-4 + Ncr2]o(-136 + LAS - TI1S5 + T16 - T23 + T24 + 2.T25 - 2.T26))/8,
(24145 - 24146 + L354(-2 + Nc) = LAS«Nc - LA64Nc + L364(2 + Nc) + 24NceT23 — 24NceT24)/(BaNC), (-24LA5 + 24146 + L364(-2 + Nc¢) — LAS«eNc - LA464Nc + L354(2 + Nc) + 24NceT23 - 24NcoT24)/(BaNc), (Sqrt]-12 - 164Nc — Nc*2 + 4eNch3 + Nerd)o (=135 + L36 - LAS + LA6 - 24TI1S + 24T16))/(84(2 + 34Nc + Nc*2)),
—{(=6 — Nc + Nc 2)«(L35 - L36 + LAS - LA6 + 24TIS - 24T16))/(8+Sqrt]-12 + 164Nc - Nc*2 - 4«Nc*3 + Nerd),
{(Nce(d + L35 + 136 + LAS + LA6 + 24TIS + 24T16 + 24T23 + 24T24))/(4+Sqrf-1 + Nc 2]y, (-L35 + 136 + LAS - LA46)/(2«Nc), ((-L35 + L36 + LAS - LA46)«Sqrt|-4 + Nc/2])/(4+Sqrtf2]«Nc), (<135 - L36 + LAS + LA6 - 44TI3 + 44T14 + 24T23 - 24T24)/(4+Sqm2)),
(<135 + L36 + LAS - LA46)«Sqrt|-4 + Nc 2])/(4+Sqrtj2]«Nc), (24135 — 24145 + 24146 + 24Nc”2 + LASeNc 2 + L364(-2 + Nc”2) + Nc”24TIS + Ncr24T16 + Nc”24T23 + Nchr24T24)/(B«Nc), (Sqrtf-4 + Nc 2] «(-136 + LAS - 24T13 + 24T14 + TI1S - T16 + T23 - T24))/8,
(L35 - 136 + LAS - LA6 — 24TIS + 24TI16 + 44T25 - 44T26)/(4+Sqrt2)), (Sqrtj-4 + NcA2)«(-136 + LAS - T15 + T16 - T23 + T24 + 2.T25 - 2.T26))/8,
~(8 + 44134 - 24135 + 24136 + 24145 - 24146 + 44156 - 24Nch2 — L364Nc”2 — LASeNc*2 + 24N 24TI13 + 24Nc24T14 + Nc224TI1S + Nc224T16 + Nch24T23 + Neh24T24 + 24Nc 24T25 + 24Nc*24T26)/(8«Nc), ((-L35 + L36 + LAS - L46)«Sqrt|-4 + Nc*2))/(8«No),
((-L35 + L36 + LAS - LA46)«Sqrt|-4 + Nc 2))/(8«Nc), (Sqrtl(3 + Noy/(l + NojJo(4 + L35 + 136 + LAS + LA46 + 24TIS + 24T16 + 24T23 + 24T24))/8, (Sgrt)(=3 + No)/(=1 + No)j«(4 + L35 + 136 + LAS + LA6 + 24TI1S + 2.4T16 + 2.T23 + 2.T24))/8},
{0, ((-L35 + L36 + LAS - LA46)«Sqrt|-4 + Nc 2])/(4«Nc), (24145 + 24146 - L354(-2 + N¢) + LAS«Nc + LA464Nc - L364(2 + Nc) = 24NceT23 + 24NceT24)/(4+Sqrtj2]«Ne), (L35 - L36 — LAS + LA6)«Sqrt|-4 + Nc 2))/(4+Sqrt|2]«Nc), (-24LA5 + 24146 + LAS«Nc - LA464Nc + L354(2 + No) = L364(2 + Nc) + 24NceTI15 — 24Nc«T16)/(4+Sqrtj2] «No),
(A44LAS - 44146 - 44LASeNc + 44Nc 2 + LASeNcH2 + LA64Nc” 2 + L3642 + NO*2 + L354(-4 + Nc”2) — 4eNceTIS + 24Nc”?24TI1S5 + 4eNceT16 + 24N 24T16 + 4aNceT23 + 24Nc 24T23 — 44NceT24 + 24Nc*24T24)/(8«NcoSqrt]-4 + Nch2)),
(24145 - 24146 - LAS«Nc + LA64Nc - L354(2 + No) + L364(2 + Nc) — 24NceTIS + 24NceT16)/(8«Nc), ((L35 - L36 - LAS + LA6)«Sqrt|-4 + Nc 2))/(4+Sqrt|2]«Nc), (24145 - 24146 + L354(-2 + Nc) - LAS«Nc - LA464Nc + L364(2 + Nc) + 24NceT23 - 24Nc«T24)/(8«Nc).
(L35 + L36 + LAS - LA6)«Saqrt|-4 + Ncr2])/(BaNc), —(4 + 24134 - 44135 + 44136 + 441AS - 44146 + 24156 - L364Nc + LAS«eNc - 24Nch2 - L364Nc”*2 - LASeNcH2 - 24NceT13 + 24NceT14 = NcoTIS + Nc?24TI1S + NcoT16 + Nc224T16 + NceT23 + Ncr24T23 - NcoeT24 + N 24T24 + 24NceT25 - 24NceT26)/(44No),
0, ((-6 — S«Nc + 24Nc”2 + Nc*3)e(l + LAS + TIS + T24))/(4+Sqrt|-12 - 164Nc - Nc”*2 + 44Nc”*3 + Nc4)), ((6 — S«Nc - 24Nc”2 + Ner3)e(l + L36 + T16 + T23))/(4+Sqrt|-12 + 164Nc - Nc”*2 - 44Nc”*3 + Nerd)y,
10, ((-L35 + 136 + LAS - LA6)«Sqrt|-4 + Nc 2])/(4«Nc), (-24LAS5 + 24146 + L364(-2 + Nc) — LAS«Nc - LA464Nc + L354(2 + Nc) + 24NceT23 — 24NcoT24)/(4+Sqr2)«Nc), ((-L35 + L36 + LAS - LA46)«Sqrt|-4 + Nc 2))/(4+Sqr2)«No),
(=241A5 + 24146 - L354(-2 + Nc) + L364(-2 + Nc¢) - LAS«Nc + LA64Nc - 24NceTI1S5 + 24NceT16)/(4+Sqrt|2]«No),
(A4LAS - 44146 + L364(-2 + No)*2 + 44LASeNc + 4eNc 2 + LASeNc? 2 + LA64Nc 2 + L354(=4 + Nc”2) + 44NceTIS + 24NcH24TIS — 4eNceT16 + 24Nc 24T16 — 44NceT23 + 24N 24T23 + 44NceT24 + 24Nc 24T24)/(B«NcoSqrt|-4 + Nc*2)),
(—24LAS5 + 24146 — L354(-2 + Nc) + L364(-2 + N¢) — LAS«Nc + LA64Nc — 24NceTIS + 24NceT16)/(8«Nc), ((-L35 + L36 + LAS - LA46)«Sqrt|-4 + Nc 2))/(4+Sqrt2] «N¢), (—24LA5 + 24146 + [364(-2 + Nc¢) — LAS«Nc - LA464Nc + L354(2 + N¢) + 24NceT23 - 24NcT24)/(8«No),
(L35 + L36 + LAS - LA6)«Sqrt|-4 + Nc 2])/(B«Nc), 0, —(4 + 24134 — 44135 + 44136 + 44145 - 44146 + 24156 + L364Nc - LAS«Nc - 24Nc”2 — L364Nc*2 — LASeNc 2 + 24NceTI13 — 24NceT14 + NceTI1S + N 24TIS -~ NcoT16 + Nch24T16 — NcoT23 + Nc?24T23 + NcoT24 + Ncr24T24 — 24NceT25 + 24NceT26)/(44Nc),
((=6 — SeNc + 24Nc*2 + Nc”3)e(l + L36 + T16 + T23))/(4+Sqrt|-12 - 164Nc — Nc 2 + 4«Nc”3 + Nctd)), ((6 — SeNc = 24Nc”2 + Nc*3)e(l + LAS + TIS + T24))/(4+Sqrt-12 + 164Nc — Nc*2 - 44Nc*3 + Nerd),
10, ((-L35 + 136 + LAS - LA6)«Sqrt(3 + Noy/(l + Noy/4, ((-L35 + 136 + LAS - LA46)«Sqrt|-12 - 164Nc - Nc”*2 + 44Nc*3 + Net4))/(4+8qrf2]«(2 + 34Nc + Ncr2)), (Sart(3 + No/(2 + 24N «(L35 + L36 — LAS - LA6 + 24T23 - 2.T24))/4,
(=135 + L36 + LAS - LA46)«Sqr|-12 - 164Nc — NcAr2 + 44Nc”3 + Nc d4))/(4+Sqrtf2]«(2 + 3«Nc + Nc”2)), —((L35 - L36 - LAS + LA46)«(-6 + Nc + Nc'2))/(B«(2 + Nc)«Sqrt]3 + 44Nc + Nc 2)), (Sart]-12 - 164Nc — Nc”2 + 4eNc”*3 + Ne 4] «(L35 + 136 — LAS - LA6 + 24T23 - 24T24))/(B«(2 + 34Nc + Nch2)),
(Sqrt(3 + N)/(2 + 24N0)«(-L35 + L36 - LAS + LA6 - 24TIS + 2.T16))/4, (Sqrt]-12 - 164Nc - Nc*2 + 4«eNch3 + Nerd)o(-L35 + 136 - LAS + LA6 - 24TIS + 24T16))/(B«(2 + 34Nc + Ncr2)), (Sqrtf(3 + Noy/(1 + Nojjo(d + L35 + 136 + LAS + LA6 + 24TIS + 24T16 + 24T23 + 2.T24))/8,
((=6 — SeNc + 24Nch2 + Nchr3)e(l + LAS + TI1S + T24))/(4+Sqr|-12 - 164Nc - Nc*2 + 44Nch3 + Nerd)), ((-6 — S«Nc + 24Nc”2 + Ner3)e(l + L36 + T16 + T23))/(4+Sqrt|-12 - 164Nc - Nc”2 + 44Nc”*3 + Nerd)),
—(B + 44136 + A4LAS - 4146 + 44156 + 241364NC + 24LA5NC - 44LA64NC + 24L564Nc — 64Nc?2 — 34L364Nc” 2 — 34LASeNcH2 - 24Nc”3 - L364Nc”3 — LASeNCA3 — 4aLl354(1 +# N©) + 2L344(2 +# N©) — 4eNCeTI13 = 24Nc?24TI3 = 4aNceTI4 — 24N 24T14 + 24NceTIS + 34Nc*2.TIS +
Nc234TI1S + 24NceT16 + 34Nc 24T16 + NcA34TI16 + 24NceT23 + 3aNc?24T23 + Nc234T23 + 2eNceT24 + 34N 24T24 + N 34T24 — 4aNCeT25 — 24Nc 24T25 — 4eNceT26 — 24Nc”24T26)/(4«Nce(2 + Noj), 0},
10, ((-L35 + L36 + LAS - LA46)«Sqr(-3 + No)/(-1 + No/4, (L35 - L36 — LAS + LA6)«Sqrt-12 + 164Nc — Nc*2 - 44Nc*3 + Nc d))/(4+Sqrt2)«(2 = 3«Nc + Nc”2)), (Sqrtf(=3 + No)/(=1 + No)J«(-L35 - L36 + LAS + LA6 - 24T23 + 24T24))/(4+Sqr2)),
(L35 - 136 - LAS + LA6)+Sqrt|-12 + 164Nc = Nc”*2 — 44Nc*3 + Nc”d))/(4+8Sqrtf2)«(2 = 3«Nc + Ncr2)), (L35 - L36 — LAS + LA46)«(-6 — Nc + Nc”2))/(Be(=2 + Nc)Sqrt]3 — 4«Nc + NeA2)), ((=6 = Nc + Nc22)«(L35 + 136 - LAS - LA6 + 24T23 — 24T24))/(8+Sqrt|-12 + 164Nc = Nc”r2 - 44Nc”3 + Nerd)),
(Sqrtj(=3 + No)/(=1 + No)J«(L35 - L36 + LAS - 146 + 24TIS - 24T16))/(4+Sqrt2]), —((=6 — Nc + NcAr2)«(L35 - L36 + LAS - [A46 + 24TI1S - 24T16))/(B«Sqrt-12 + 164Nc = Nc*2 - 44Nch3 + Nerd)), (Sqrtf(=3 + Noy/(=1 + Nojj«(d + L35 + 136 + LAS + LA6 + 24TIS + 24T16 + 24T23 + 2.T24))/8,
((6 — SeNc = 24Nc*2 + Ne”3)e(l + L36 + T16 + T23))/(4+Sqrt|-12 + 164Nc = Nc”2 — 44Nc*3 + Ne2d)), ((6 — SeNc = 24Nc*2 + Ner3)e(l + LAS + TIS + T24))/(4+Sqrt|-12 + 164Nc = Nc*2 - 44Nc*3 + Nenrd), 0,
(=8 — 44136 - A.LAS + 4146 — 44156 + 241344(=2 +# NC) = 4el354(=1 + NC) + 24L36eNc + 24LA5NC — 44LA64NC + 24L564Nc + 6eNc*2 + 34L364Nc” 2 + 34LASeNcH2 - 24Nc”3 - L364Nc” 3 — LASeNCc”?3 — @aeNCeTI13 + 24Nc?24TI13 - 4aNceTI14 + 24NcM24T14 + 24NcoTIS -
3eNcA24TIS + Nc*34TIS + 24NceT16 — 34Nc*24T16 + Ncr34TI16 + 24NceT23 - 3aNc 24T23 + Nc?34T23 + 24NceT24 — 34N 24T24 + N 34T24 — AaNCeT25 + 24Nc 24T25 - 44NceT26 + 24N 24T26)/(44(-2 + No)«NOH)

2),



H=(2 + L34 + 156 + Nc"24TI13 + Nc 24T14 + Nc”24T25 + Ncr24T26)/(24Nc), (L35 + 136 + LAS - LA46)/(2«NceSqrt-1 + Nc”2)), (<135 + L36 + LAS — LA6)«(-4 + Nc”2))/(2+Sqrt|2)«Nc«Sqrtjd — S«Nc”2 + Nerd)), (<135 - 136 + LAS + LA6 — 24T23 + 24T24)/(2+Sqrt2)«Sqrt-1 +
(=135 + L36 + LAS - LA6)«(-4 + Nc"2))/(2+Sqrtj2]«Nc+Sqrtjd4 — 5«NcA2 + Nerd)), —((L35 - L36 - LAS + LA6)«(-4 + Nc”2))/(4«NceSgrt|-1 + NcA2]), =((-4 + Nc 2)«(L35 + 136 - LAS - LA46 + 24T23 - 24T24))/(4+Sqr4 — 5«Nc*2 + Ne2d)), (L35 - 136 + LAS - 146 + 2.TIS

((=4 + Nc*2)o(L35 - 136 + LAS - LA6 + 24TI1S - 24T16))/(4+Sqrtjd — S«Nc”*2 + Nc’d)), (Nco(d + L35 + 136 + LAS + LA6 + 24TIS + 24TI16 + 24T23 + 24T24))/(4«Sqrt|-1 + Nc22)), 0, 0, 0, 0},
{(-1L35 + L36 + LAS - LA46)/(2«Nc+Sqrt|-1 + Nc”2)), (2 + L34 + LS6)«(=1 + Nc”2))/(2«Nc), 0, (-T15 + T16 + T25 - T26)/Sqry2), 0, (-L35 + L36 + LAS - L46)/(2«Nc), 0, (-T13 + T14 + T23 - T24)/Sqr2], 0, (<135 + L36 + LAS - L46)/(2«Nc), ((-L35 + L36 + LAS - L46)«Sqn| SAD for gg

((-L35 + L36 + LAS - LA46)«Sqrt|-4 + Nc 2))/(4«Nc), ((-L35 + L36 + LAS - L46)«Sqrt|(3 + Noy/(l + Nop/4, ((-L35 + L36 + LAS - L46)«Sqrt(-3 + No)/(=1 + Noh/4y.,

(=135 + L36 + LAS - LA6)«(-4 + Nc”2))/(2+Sqrt|2]«Nc+Sqrt]d — S«Nc”2 + Nc2d)), 0, —(4 + 24134 + 24156 - 24Nch2 - 24L344Nc”*2 + Nc?24TIS + Ncr24T16 + Nc”24T25 + Nehr24T26)/(4«Nc), (Sqrt|-4 + Nc 2] «(-T15 + T16 + T25 - T26))/4, (-1.35 + L36 + LAS - LA46)/(2«
(L35 + L36 + LAS - LA6)«(-12 + Nc"2))/(4+Sqrt|2)«Nc«Sqrt|-4 + Nc2)), (-135 - 136 + LAS + LA6 - 24T23 + 24T24)/(4+Sqr2)), 0, (L35 - 136 + LAS + LA46 — 44TI13 + 44TI14 + 24T23 - 24T24)/(4Sqrt|2]), ((-L35 + 136 + LAS - LA46)+Sqrt|-4 + Nc”2))/(4+Sqrt|2] «Nc),
(—24LAS + 24146 - L354(-2 + Nc) + LAS«eNc + LA64Nc - L364(2 + Nc) — 24NceT23 + 24NceT24)/(44Sqrtf2] «Nc), (—24LA45 + 24146 + [364(-2 + Nc) — LASeNc - LA64Nc + L354(2 + Nc) + 24NceT23 - 24NceT24)/(44Sqrt2]«Nc), ((-L35 + L36 + LAS - L46)«Sqrt|-12 - 164Nc
(L35 - 136 - LAS + LA46)+Sqrt|-12 + 164Nc = Nc”*2 - 44Nc*3 + Nct4))/(4+8Sqrf2]«(2 = 3«Nc + NeA2p), (=135 - 136 + LAS + LA6 - 24T23 + 24T24)/(2+Sqr2)«Sqrtf-1 + NeA2)), (-T1S + T16 + T25 - T26)/Sqm2), (Sqrt|-4 + NcA2]«(-T15 + T16 + T25 - T26))/4,
—(4 + 24134 + 24156 - 24Nch2 - 24L344Nc”2 + Nc”24TIS + Ncr24T16 + Nc”24T25 + Nchr24T26)/(4«Nc), 0, (<135 - 136 + LAS + L46 — 24T23 + 24T24)/(4+Sqr2]), ((-L35 + L36 + LAS - LA46)+Sqrt|-4 + Nc”2))/(4+Sqrt|2]«Nc), (L35 + L36 + LAS - LA46)/(2+No),
(<135 + L36 + LAS - LA6)«Sqrt|-4 + Nc 2])/(4+Sqr2)«Nc), (<135 - L36 + LAS + LA6 - 44TI3 + 4.T14 + 24T23 - 2.T24)/(4+Sqr2)), (L35 - 136 — LAS + LA46)«Sqrt|-4 + Nc”2))/(4+Sqrt2]«Nc), ((-L35 + L36 + LAS - L46)«Sqrt|-4 + Nc*2])/(4+Sqrtj2]«No),
(Sqrtf(3 + N)/(2 + 24N0))«(L35 + 136 — LAS — LA6 + 24T23 - 2.T24))/4, (Sqrf(=3 + No)/(=1 + No)«(-L35 - L36 + LAS + LA6 — 24T23 + 2.T24))/(4+Sqry2).

(-L35 + L36 + LAS - LA6)«(-4 + Nc"2))/(2+Sqrtj2]«Nc«Sqrtjd — S«Nch2 + Ncrd)), 0, (L35 + L36 + LAS - LA46)/(24Nc), 0, (4 + 24134 + 24156 — 24NcM2 — 24L564Nc*2 + NcM24TI3 + Nc”24T14 + Nc224T23 + NcMr24T24)/(4«Nc), ((-L35 + L36 + LAS - LA6)«(=12 + Nc”2))/(4+Sqrt|2]«Nc«Sqrt|-4 + Ncr2)),
(L35 - 136 + LAS — LA6 — 24TI1S + 24T16 + 44T25 - 44T26)/(4+Sqrt)2)). (Sqrt]-4 + Nc 2]«(-T13 + T14 + T23 - T24))/4, (L35 - 136 + LAS - LA46 + 24TI15 - 24T16)/(4+Sqrt2]). ((-L35 + 136 + LAS - LA46)+Sqrt|-4 + Nc”2))/(4+Sqrt|2] «Nc),
(—24LAS5 + 24146 + LAS«Nc - LA64Nc + L354(2 + Nc) = L364(2 + Nc) + 24NceTIS - 24NceT16)/(4+Sqrt|2]«Nc), (=24145 + 24146 - L354(-2 + N¢) + L364(-2 + Nc¢) — LAS«eNc + LA64Nc — 24NceTI1S + 24NceT16)/(4+Sqrt|2]«Nc), ((-L35 + 136 + LAS - L46)«Sqrt-12 - 164Nc - Nc”*2 + 44Nc”*3 + Nc*4))/(4+Sqrt2]«(2 + 3«4Nc + Ncr2)),
(L35 - 136 - LAS + LA46)+Sqrt|-12 + 164Nc - Nc”*2 - 44Nc*3 + Nct4))/(4+8Sqrf2])«(2 = 34Nc + NeA2p), (L35 - 136 - LAS + LA6)«(-4 + Nc”2))/(4«NceSqrt|-1 + Nc2)), (-L35 + L36 + LAS - LA6)/(24Nc), ((-L35 + 136 + LAS - LA46)«(—-12 + Nc”2))/(4+Sqrt|2]«Nc«+Sqrt|-4 + Ncr2)),
(=135 - 136 + LAS + LA6 - 24T23 + 24T24)/(4+Sqr2)), ((-L35 + L36 + LAS - LA46)«(-12 + Nc 2))/(4+Sqrt|2)«Nc«Sqrt|-4 + Nc*2)),
(32 + 724136 + T241AS - 724146 + 164156 - 164Nc”*2 - 144L364Nc”2 — 144LASeNc 2 + 104LA64Nc*2 — 44L564Nc*2 + 24Nchd + L364Nc 4 + LASeNc M - 4434 4(-4 + Nc'2) + 24L354(-36 + SeNc”2) + BaNcM24TI3 - 24NcM4aTI3 + BaNc 24T14 - 24Nc*44T14 + 44Nc*2.TIS -

Nc A 44TIS + 4eNc?24T16 — Nc 4aTI16 + AeNch24T23 — NcM4aT23 + AeNCc 24T24 — Nc?4aT24 + BaNCc 24T25 — 24N 4aT25 + BaeNc?24T26 — 24Nc 44T26)/(BaNce(-4 + Nc*2)),

(44135 — BolAS - 44146 + LASNc*2 - L364(-8 + Nc*2) + 44T15 - Nc"2.TI1S 4 - o - —- o — — o — — o — s e —e s — ' e - 16)/(4+Sqrt|2)).
(—44135 — BalAS + 44146 + LASeNc”2 - L36+4(-8 + Nc*2) + 84T13 - 24Nc¢
(2135 — 24145 + 2146 + 2eNcr2 + LASeNc?2 + L36«(-2 + Nc*2) + N¢
(AeLAS5 — 44146 — A4LASNC + 4uNc”2 + LASNcH2 + LA64Nch2 + 136
(A4LAS - 44146 + [364(-2 + NO)*2 + 44LASeNc + 44Nc”2 + LAS«Ncr2
—((L35 - 136 - LAS + LA46)«(-6 — Nc + Nc”2))/(Be(-2 + Nc)«Sqrt|3 - 4N U

6)e(-6 + Nc + Nc'2))/(B«(2 + No)«Sqrt|3 + 44Nc + Ner2)),
-4 + Nc”2))/(4+8qrt|2] «No),

(L35 - 136 + LAS - LA6 - 24TI1S + 24T16 + 44T25 - 44T26)/(4+Sqm2)), 26)/(8«Sqrt|-4 + Ncr2)),

(N, M*/uz) = Pexp

(8 + 44134 — 64135 + 64136 + 64145 — 62146 + 44156 — 24NcA2 — L3 l]—)tttt 1t(2] «No).
(24135 — 241AS5 + 24146 + 24Nc”2 + LAS«Nc 2 + L364(-2 + Nc”2) + N¢ he(2 + N¢) — 24NceT15 + 24Nc«T16)/(8 «Nc).
(~24L45 + 24146 — L354(-2 + No) + L36+(-2 + Ne) — L45+Ne + Li6aNe Up 24T23 - 24T24))/(8+Sqrti-12 + 164N — NcA2 — 4NeA3 + Nerd]),

L35 - 136 + LAS - LA6 + 24T15 - 24T16)/(2+Sqr|2]«Sqrt|-1 + NcA2)), (-
—(4 + 24134 + 24156 — 24Nc”2 — 241564Nc”*2 + Nc”24TI13 + Nchr2.Tl4
((-L35 + L36 + LAS - LA46)«Sqrt]-4 + Nc*2))/(4+Sart2]«Nc). (Sart|(3 + No)

(=4 + Ncr2)o(L35 - L36 + LAS - 146 + 24TI1S - 24T16))/(4+Sqrtj4 - S«N¢
(44135 - 84145 + 44146 + LASeNc?2 - L364(-8 + Nc*2) + 8.T13 - 2
(24135 — 24145 + 24146 + 24Nc”2 + LASNc”*2 + L364(-2 + Nc”2) + N{

LA6)+Sqrt{-4 + NeA2])/(4+Sqrt[2) «No),
o Sqrt[-4 + NcA2))/(4+Sqrt2]«Ne),

To solve this: go to colour space (R) where SAD is diagonal  frsee

—(8 + 44134 - 64135 + 64136 + 64145 - 64146 + 44156 - 24Nc*2 - L3 + T24 + 24T25 - 2.T26))/8,
(24LAS - 24146 + L354(-2 + Nc) — LAS«Nc - LA464Nc + L3642 + No) + 2Re(r ) 6 — LAS + 146 — 24TIS + 24T16))/(8«(2 + 3+4Nc + Nc*2)).
={(=6 — Nc + Nch2)«(L35 - L36 + LAS - 146 + 24TIS - 2.T16))/(8+Sqn| R
IINCe(d + 135 + 136 + LAS + LA6 + 24TIS + 24TI16 + 24T23 + 2.T24) /(4 S ln( 1 — 2&)
(<135 + L36 + LAS - LA46)«Sqrt|-4 + Nc 2])/(4+Sqrtj2]«Nc), (24135 - 2.

(L35 - L36 + LAS - LA6 — 24TI1S + 24T16 + 44T25 - 44T26)/(4+Sqr2)).

~(8 + 44134 - 240135 + 24136 + 241A5 - 24146 + 44156 - 24Neh2 -~ L3S

((-L35 + L36 + LAS - LA6)«Sqrt-4 + Nc”2])/(8«No), (Sqrt(3 + Noy/(l + No)
10, (L35 + L36 + LAS - LA46)«Sqrt|-4 + Nc 2])/(4«Nc), (-2+1A45 + 24146 — L33

\Ch.

271'[7()

NC + L3542 # No) = L3642 +# Nc) + 24NceTI1S - 24NceT16)/(4+Sqrt|2] «Ne),

N v N

(44145 — 44146 — A4LASeNC + 4eNc”2 + LTASNc”*2 + [A64Nc 2 + L3642 + NO2 + L354(=4 + Nc”2) = 4aNCeTIS + 2aNCA2ZaTIS + GaeNCeT16 + 2oaNCh24TI0 + AaNCoT23 + 2oNCA24T23 = GaNCoT24 + 24N 24T24)/(B«NcoSartj-4 + Nch2)),

(24145 - 24146 - LAS«Nc + LA64Nc - L354(2 + No) + L364(2 + Nc) — 24NceTIS + 24NceT16)/(8«Nc), ((L35 - L36 - LAS + LA6)«Sqrt|-4 + Nc 2))/(4+Sqrt|2]«Nc), (24145 - 24146 + L354(-2 + Nc) - LAS«Nc - LA464Nc + L364(2 + Nc) + 24NceT23 - 24Nc«T24)/(8«Nc).
(L35 + L36 + LAS - LA6)«Saqrt|-4 + Ncr2])/(BaNc), —(4 + 24134 - 44135 + 44136 + 441AS - 44146 + 24156 - L364Nc + LAS«eNc - 24Nch2 - L364Nc”*2 - LASeNcH2 - 24NceT13 + 24NceT14 = NcoTIS + Nc?24TI1S + NcoT16 + Nc224T16 + NceT23 + Ncr24T23 - NcoeT24 + N 24T24 + 24NceT25 - 24NceT26)/(44No),
0, ((-6 — S«Nc + 24Nc”2 + Nc”*3)e(l + LAS + TIS + T24))/(4+Sqr|-12 - 164Nc = Nc”*2 + 44Nc”*3 + Nc”d)), ((6 — SeNc - 24Nc”2 + Ne*3)o(l + L36 + T16 + T23))/(4+Sqrt|-12 + 164Nc = Nc”*2 - 44Nc”3 + Nerd)).,
10, ((-L35 + 136 + LAS - LA46)«Sqrt|-4 + Nc 2])/(4«Nc), (=2+1LA45 + 24146 + L364(-2 + Nc) - LAS«Nc - LA64Nc + L354(2 + Nc) + 24NceT23 — 24NceT24)/(4+8Sqr2]«Nc), ((-L35 + 136 + LAS - LA46)+Sqrt|-4 + Nc”2))/(4+Sqrt|2)«Nc),
(=241A5 + 24146 - L354(-2 + No) + L364(-2 + Nc) = LAS«Nc + [A64Nc - 24NceTI1S + 24NceT16)/(4+Sqrtj2)«Ne),
(A+LAS — 44LA6 + L364(-2 + No)*2 + 44LAS«Nc + 44Nc”2 + LAS«Nc” 2 + LA64NcH2 + L354(=4 + Nc”2) + 4eNceTI1S + 24Nc”?24TIS — 44NceT16 + 24Nc 24T16 — 4aNceT23 + 24Nc?24T23 + 44NceT24 + 24Nc”*24T24)/(B«NcoSqrt|-4 + Nc”2)),
(=24LAS + 24146 - L354(-2 + N¢) + L364(-2 + Nc) = LAS«Nc + LA64Nc = 24NceTIS + 24NceT16)/(B«Nc), ((-135 + 136 + LAS - LA6)«Sqrt|-4 + Nc 2))/(4+Sqrt2]«Nc), (—241LA5 + 24146 + 1364(-2 + Nc¢) — LAS«Nc - LA464Nc + L3542 + N¢) + 24NceT23 ~ 24NceT24)/(8+N¢),
(=135 + L36 + LAS - LA6)«Sqrt-4 + Nc 2] /(BeNc), 0, —(4 + 24134 — 44135 + 44136 + 44LAS - 44146 + 24156 + L364Nc - LAS«Nc - 24Nch2 — L36eNc*2 — LASeNc” 2 + 24NceTI3 — 24NceT14 + NceTI1S + Nc?24T1S = NceT16 + Nch24T16 — NcoT23 + NcMr24T23 + NcoT24 + Nc”24T24 - 24NceT25 + 24NceT26)/(44No),
((=6 — SeNc + 24Nc*2 + Nc”3)e(l + L36 + T16 + T23))/(4+Sqrt|-12 - 164Nc — Nc 2 + 4«Nc”3 + Nctd)), ((6 — SeNc = 24Nc”2 + Nc*3)e(l + LAS + TIS + T24))/(4+Sqrt-12 + 164Nc — Nc*2 - 44Nc*3 + Nerd),
10, ((-L35 + L36 + LAS - LA46)«Sart|(3 + Noy/(l + No/4, ((-L35 + L36 + LAS - L46)«Sar|-12 - 164Nc = Nc”*2 + 44Nc”3 + Nc d4))/(4+Sqrtf2]«(2 + 3«Nc + Nc2)), (Sartl(3 + No)/(2 + 24N0))«(L35 + 136 - LAS - 146 + 2.T23 - 2.T24))/4,
(<135 + L36 + LAS - LA46)«Saqr|-12 - 164Nc — Nc”2 + 44Nc”3 + Nc d4))/(4+Sqrtf2]«(2 + 3«Nc + Nc”2)), —((L35 - 136 - LAS + LA46)«(-6 + Nc + Nc”2))/(B«(2 + Nc)«Sart]3 + 4«Nc + Nc”2)), (Sqrtf-12 - 164Nc - Nc”*2 + 44Nc*3 + Nc 4] «(L35 + 136 - LAS - LA6 + 24T23 - 24T24))/(8B«(2 + 34Nc + Ncr2)),
(Sqrtf(3 + N)/(2 + 24N «(-L35 + 136 - LAS + 146 - 24TIS + 2.T16))/4, (Sqrj-12 - 164Nc — Nc*2 + 4eNch3 + Nerd)«o(-L35 + 136 — LAS + 146 — 24TIS + 24T16))/(B«(2 + 3«Nc + Ncr2)), (Sqrtf(3 + No)/(1 + Nojj«(4 + L35 + 136 + LAS + 146 + 24TIS + 24T16 + 24T23 + 2.T24))/8,
((=6 — SeNc + 24Nch2 + Nchr3)e(l + LAS + TI1S + T24))/(4+Sqr|-12 - 164Nc - Nc*2 + 44Nch3 + Nerd)), ((-6 — S«Nc + 24Nc”2 + Ner3)e(l + L36 + T16 + T23))/(4+Sqrt|-12 - 164Nc - Nc”2 + 44Nc”*3 + Nerd)),
—(8 + 4L36 + A4LAS — 44146 + 44156 + 241364NC + 24LA5NC — AaLA64NC + 24L564Nc — 64NcH2 — 34136 eNcH2 — FaLASeNc?2 — 24Nc”3 = L36eNch3 — LASeNC3 — 4ol354(1 + N©) + 241344(2 + N©) — 4aNcaTI13 = 24Nc?24T13 — AuNCeTI14 = 24N 24T14 + 24NceTIS + 34N 2.TIS +
NcA34TIS + 24NceTI16 + 34Nc 24T16 + Nch34T16 + 24NCeT23 + 34Nc?24T23 + Nc?34T23 + 24NceT24 + 34N 24T24 + NcM34T24 — AaNCeT25 — 24N 24T25 — 4aNceT26 - 24Nch24T26)/(4«Nco(2 + Noj)., 04,
00, ((-L35 + L36 + LAS - L46)«Sqrt(-3 + No)/(-=1 + No/4, (L35 - L36 — LAS + LA6)«Sqrt-12 + 164Nc — Nc”*2 - 4«Nc*3 + Nc d))/(4+Sqrt2])«(2 = 3«Nc + Nc”2)), (Sqrtl(=3 + No)/(=1 + No)J«(-L35 - L36 + LAS + LA6 - 24T23 + 24T24))/(4+Sqr2)).
(L35 - L36 - LAS + LA46)«Sqrt|-12 + 164Nc = Nc*2 - 44Nc”3 + Ne2d))/(4+Sqrf2)«(2 = 3«Nc + Ner2)), (L35 - 136 — LAS + LA6)«(=6 — Nc + Nc'2))/(Be(=2 + Nc)«Sqrt|3 — 4«Nc + Nc”2)), ((=6 = Nc + Nc22)o(L35 + 136 - LAS - LA6 + 24T23 - 24T24))/(8+Sqrt|-12 + 164Nc — NcA2 - 44Nc*3 + Nerd)),
(Sqrtf(=3 + No)/(=1 + No)J«(L35 - 136 + LAS - LA46 + 24TI15 - 24T16))/(4+8Saqrt2]), —((-6 — Nc + Nch2)«(L35 - 136 + LAS - LA46 + 24TI15 - 24T16))/(8+8Sqrt|-12 + 164Nc — Ncr2 — 44Nch3 + Nerd)), (Sartf(-3 + Noy/(=1 + No)j«(4 + L35 + L36 + LAS + LA6 + 24TIS + 24T16 + 24T23 + 2.T24))/8,
((6 — SeNc — 24Nc”2 + Nc’3)e(l + L36 + T16 + T23))/(4+Saqr|-12 + 164Nc — Ncr2 — 44Nc”3 + Nc’d)), ((6 — SeNc — 24Nc”2 + Nc”3)e(l + LAS + TIS + T24))/(4+8Sqr|-12 + 164Nc = Nc”r2 - 44Nc”3 + Nend)), 0,
~(=8 — 44L36 - AuLAS + 44146 - 44156 + 241344(-2 +# NC©) = 4eL354(=1 + N¢) + 24L364Nc + 24LA54NC — 44LA6NC + 24L564Nc + 64Nc*2 + 34L364Nc 2 + 34LA5eNcH2 — 24Nch3 — L364NcH 3 — LASeNC?3 — 4aNCeTI3 + 24Nc 24T13 - 4eNceTI14 + 24NcH24T14 + 24NceTIS -
3eNc?24TIS + Nc”34TIS + 24NceT16 — 34NcH24T16 + N r34T16 + 2eNceT23 — 34N 24T23 + Nc234T23 + 24NceT24 — 3aNCH24T24 + Nc?34T24 — AaNCeT25 + 24N 24T25 — AaNCeT26 + 24Nc?24T26)/(44(-2 + Nc)« N



Colour structure 4top

C,(1) =0
Cy8ars) =N, =3
_ . ~ 2Re(I';) ;
USU = Spexp * In(1 = 22) C,(10,10) = 2N, = 6
27tby Cy(27) =2(N,+ 1) =8

C,(N*(N.—3)(N.+ 1)/4=0)=2(N.— 1) =4

303=3R3R3R3 —» 198=002x1)P2x8) P8 D8, ®10D 10 P 27

Absolute threshold limit: 2Re[I’g)q_] — diag(O, 0,—3,—3,—3, — 3)

q

SRE8=3R3R3R3 —m» 00108,08,D10010027=002x1DHP2X8 D8 D8, 10D 10 27

Absolute threshold limit:

25
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Resummation for 4top

Mellin-space resummed cross section

Soft function

captures wide-angle-soft enhancements

— ~J/

1j—> 1ttt >ttt Ulj—n‘ftf Sij—>tftf

5 (N = Tr [ H

Hard function
captures constant contributions as N — oo

Melissa van Beekveld

Ulj—>tftf ] Ai A]

Incoming jet functions
capture soft-collinear enhancements



27

Resummation for 4top

Mellin-space resummed cross section
Soft function

captures wide-angle-soft enhancements

— ~J/

1j—> 1ttt >ttt Ulj—n‘ftf Sij—>tftf

5 (N = Tr [ H

Hard function
captures constant contributions as N — oo

a(Ug)

HD + ...,

T Projection on

H=H®Y +

U

j— it ] Ai A]

Incoming jet functions
capture soft-collinear enhancements

Needed at NLL colour space R

L (! d
HY =o-| dpp a0 3 a0aO el
colour(K,L),spin AN

Colour-stripped

Born phase- _
amplitude

space integration

Melissa van Beekveld

Ck)
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Resummation for 4top

Mellin-space resummed cross section
Soft function

captures wide-angle-soft enhancements

— ~J/

1j—> 1ttt >ttt Ulj—n‘ftf Sij—>tftf

5 (N = Tr [ H

Hard function
captures constant contributions as N — oo

as(/’tR) H(l) 1
- c oo

Needed at NLL’

HD = v 4 ¢

H=H +

Virtual Collinear
one-loop end-point
contributions contributions
(Extracted from
MC@NLO)

Melissa van Beekveld

U

j— it ] Ai A]

Incoming jet functions
capture soft-collinear enhancements
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Matching to fixed order

Go back to physical space by an inverse Mellin transform

tttt 2 1i

Match to fixed-order predictions through

dN '
NLO+NLL(") — NLO —N 2 2 A
szzf (T) — Oz (T) T J:gz_m v fz(N T I,MF)];(N T 19/4]?) X _Ug?iﬁﬁ

Melissa van Beekveld

, dN
o~ 0(7) = J — VAN + Lup) fN + Lug) X 655 - (N)
€

ij—tttt

(N) — 6

ij—tttt

M)lxto
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Xged plus_ _nnlo_ 100, = e
RGSUHS : LUXqed_plus_PDF4LHC15_nnlo_100, V'S = 13TeV
N-resummed, my=172.5 GeV, Ugr =LF

14+

« LHC at 13 TeV

° I[,tR — I[,tF — 2mt
- m, = 172.5 GeV
* PDF4LHC with LUXged PDF set

(includes photon PDFs)

Ot (Tb)

Result is extremely stable under y variations

—— NLO + NLL

2_.. N_O_l_NLLI ............................................................................................................................
— NLO(QCD+EW)+NLL' :
005 1.0 5.0
u/(2my)

30 Melissa van Beekveld



Results

ﬂf (11))

K-factor

NLO

25.2%
11.00(2)*232%

NLO+NLL

21.3%
11.46(2)"1 57

1.04

NLO-+NLL

4.1%
12.732)F | 2o

1.16

NLO(QCD+EW)

23.2%
11. 64(2)+22 o

NLO(QCD+EW)+NLL

19.5%
12.10(2)7; ¢ 27

1.04

NLO(QCD+EW)+NLL

31

3.6%
13.37(2)+30%

1.15

PDF error is 6.9 %

We find a huge reduction of scale uncertainty!

ot (fb)

6 — T o

sab o T [ -

(T

10b T _________________________________________ ............ :

_ LUqud plus PDF4LHC15 nnlo_ 100 VS = 13Tev
N resummed me=172. 5 GeV, U = th 7-point scale uncertalnty

Q
I
O
Q}/
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Results for 13.6 TeV
16 I - NN EESONS SO L.
¢
14 I .................................................................................................... R é_ ............
: X 5
677 (Ib) | K-factor D1 S U o (AR I e
X
X 1 :
NLO 13.142)1 50 S Y N ¥ R S
077 = 13 TeV
NLO+NLL 13. 81(2) —70.1% 105 :g 13.6 TeV
+4 3(7 b 8 oo I ...t e e e e e eeeeeeeeeaaaa——aaeeeeeeaaaaaaaneeee beetaaaaaaaateeaeeteeeeaaaaanneennaeeeeeeaaaannnnniee] §
NLO+NLL’ 15.16(2)7 75,  1.15 ¢
6 L T e e
NLO(QCD+EW) 13.80(2)125 02
_|_18 4% 4 - S SO SRR
NLOQCD+EW)+NLL |/14.47(2)" 35 1.05
: 6% 2 e, Dttt eteeteeeeteeteeeateeseeeeeueeeeeteeees beeeeteeteeteeueeue et eat et eteeteateeeeeteete et e et et et et eeeeeteeaeeee et et et eneaneneeareaes T _.
NLO(QCD+EW)+NLL' |[15.81(2)F} 7, | 1.14 LUqud plus_PDF4LHC15_nnlo_100, VS = 13.6TeV
, N resummed, mt— 172.5 GeV, /Jo =2My, 7- pomt scale uncertamty
PDF erroris 6.7 % 0

32

O
v/ S\/ XQ\’ é\/
N4 N

Melissa van Beekveld
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Results for different top masses

Ot (fb)

(00)

18

6 S— N— . RS-

......................................................................................................................................................................

.......................................................................................

m:;=170 GeV |
my=171.25 GeV

my=172.5 GeV
m:=173.75 GeV |
m: =175 GeV

N

v g S

N\ Nl

&
&
o
N\
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Conclusions

e Performed first resummation of a process
with 4 coloured particles in the final state

 Find a significant reduction of the total scale
uncertainty

e Next step: invariant-mass resummation

Melissa van Beekveld

Ot (fb)

1671

14+

12

10

LUqud plus_ PDF4LHC15 nnlo_ 1OO VS = 13TeV

N resummed my=172. 5 GeV, ug = th 7-point scale uncertalnty

Y XY é\/ x@/ Q-

Q"
&
O
%V
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Back-up

Melissa van Beekveld



Results

Preliminary o+ summary, VS =13 TeV

B scale uncertainty

scale ® PDF uncertainty

------- NLO(QCD+EW)+NLL', LUXged_plus PDF4LHC15 nnlo 100

O 77 (fb) K-factor
NLO 11.002)*%:%%
NLO+NLL 11.46(2)*1 27 1.04
NLO+NLL’ 12732 % 1.16
NLO(QCD+EW) 11.64(2)15) 2%
NLO(QCD+EW)+NLL [[12.10Q2)* ;5%  1.04
NLO(QCD+EW)+NLL® |[|13.37()F30% | 1.15

36

PDF error is 6.9 %

ATLAS
arXiv:2007.14858

CMS
arxiv:1908.06463

10 15 20
Ottt (fD)

Melissa van Beekveld

25
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Fixed-order expansion

@

800000

600000

T 400000
@)
—
Z.

S 200000}

—2000007

1 1

e NLL'| 9(q,)(S1, N) = NLL'|o(q,)(cusp,N) e NLL'| o(a,) (D0, N)
NLL'| o(a,)(C1, N) == NLO(-q9) m— NLL'[¢(a,) (N)
NLL'|o(a,(Wide-soft,N) = NLL'[o@,) w/0 V1 (N) NLL'| (a,)(V1, N)

LUqud plus PDFALHC15 nnlo 100, VS = 13TeV
. mt—1725GeV ,uR—,uF

0.5 ]ﬂo 2.0
U/ (2my)
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N resummed result

ot (fb)

N resummed my=172. 5 GeV, Uupg = 2mt 7-point scale uncertalnty

| S E— E E— -
14+ ....................................... _E_ ...................................... . ........... i
12 b R ........... _

] L — -

LUqud plus PDF4LHC15 nnlo 1OO VS = 13TeV
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Colour basis gg

)
cdd

qq
(‘()

a1 aq
5(‘-1(";{; . t .

1
Try/Nc.(N2—1) = 70 5%
: 1 ai
Try/No(NZ — 1) 2 20t
1 ay a1 §
TR \/lr\'rc(i r(:z — 1) ‘c1czc2cq TC6C8
AV a3 dala
T2./2(N4 —5N2 1) e
1 tar, i ferazbage

Melissa van Beekveld

)bita) fb;

(')(‘1 (‘()(“;

C2C4 (‘()(‘,.s
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Colour basis gg

=99 __ 3\/3 94

- 3V3e - 3y et - et

(’1 8 Cl + 2 ()
- D 2
@ =g gcgg 2\/5("‘“ - 2\/5% i 1\[3 s
1 1
S =T/ T RS
1 1 1 1 /3
%= 2\/56({(] B 503(} 50(1]8 i 2\/2(5173
1 5 3 1 /5 2 3 3
| gy gy qgqg gyg qqg
Cr" = —— Cy C.m — — —C5r Ciqg — — —Ci9 .
6 2 1_1 1 2 35 ) 2\/; 10 \/7 12 2 70 13
1 3 1 7 3 3 3
| qqg qqg ggq g9 qqg qqg
Cn’ = — i+ Co Cin + —Cy" ——Ci5 — —A/ —=C75 .
1 1
— | qgg gg
Com = —C~ C"( )
S \/§ 7 \/§ )
13 8 1 2\/§ () 2\/— 1() 11 12 1
cy) =cly, ¢y =cg’, ¢p=c5, Fi’i’ =cy’, f"‘{i’ =c3’, ¢ =cy .

Melissa van Beekveld




Colour basis gg

With
A = o et 47 = e busabercadene
1 Co 1 Cg * ‘2 T Ay — 1a2%Yc2cq4VCgCy 3
Tr N2 — 1 €204 6Cs Ney/ N2 =
1 1 1 1
99 by 99 __ : by
Caw = Aayas by tot e s cy = Ococsl fayasbybot e
3 = = (‘>Fl aiaz 01 %cges 4 . - c2cq4%Jai1a201%cgeg ?
I'r \/2(NX —5N2 + 4) o I'r Noy/2(N2 —1) .
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Colour basis gg
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