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Introduction



Introduction: VH, H — bb channels.

o H— bbIE EBEEHELyY J2ORADEEE—R, ~ 58%.

e The boosted VH production (V = W, Z)»%, H — bbOBAIICIZREEA.
(Butterworth et al 2008)

e The VH, H — bb DIREDHERIE. 4.90 (ATLAS 2018), 3.80 (CMS 2018).

o VHEEMN DD, charged leptonsDEICIE LT, 3DDF v~ RJ: ZH — vvbb,
WH — fvbb, ZH — ££bb.

Significance

Clirrasal Epr Obs.

VBF+ggF 0.9 1.5

ttH 1.9 19

VH 51 4.9

H — bb Combination B 5.4
Signal strength parameter | Signal strength Exp. Po Obs. El}(g;lﬁcgnl::
0-lepton 1.047053 95-100% 51-10°7] 31 33
1-lepton 1.0970 45 87-107° 4.9.107° | 24 26
2-lepton 1.387045 4.0-107° 33.107*| 2.6 34
VH, H — bb combination ST 73-10° 53.10 ' | 43 49

(ATLAS 2018)
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Introduction: Z(£"¢~)H(bb) channel.

o LIFEIE, 2-lepton channel Z(£1¢~)H(bb)IZ3ER,

o ZHboostL TWBF + ¥ RILA, & Usignal sensitivityH LY

o Z(£707)bb (part of the O(a2) correction to the Drell-Yan Z production)?®,
background D KEBZY % &5 6D %,

Process O-lepton 1-lepton 2-lepton low-pr(V) 2-lepton high-pr(V)
Vbb 216.8 102.5 617.5 113.9

Vb 31.8 20.0 141.1 17.2
V+udscg 10.2 9.8 58.4 4.1

tt 34.7 98.0 157.7 32

Single top quark 11.8 44.6 2.3 0.0
VV(udscg) 05 15 6.6 05

VZ(bb) 9.9 6.9 229 3.8

Total background ~ 315.7 283.3 1006.5 142.7

VH 38.3 33.5 33.7 22.1

Data 334 320 1030 179

S/B 0.12 0.12 0.033 0.15
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o Z (0~ BRIZEAENIE. Z polarizationDIREET—EITRF %,
e Z polarizationld, ZHAE D EMINIMICEKET S (i.e. process-dependent)
RDT, signal & background CEK B KREZER 2 AR 1L H B,

In this work,

e signal & background T, Z polarization "I EEICER S, EWH I EEXT RIS

o RIC., COEREZARIATZAEEZRL, ERICIEEN L 5 W Dsignal
sensitivity DA E S EAfFHR 2 D E R, S5



Kinematics and frame for Z
production and decay




Kinematics and frame for Z production and decay

Production : g } Decay : 6, ¢ Production : gp Decay : 0, ¢
Z - 0T BRIEEZESOEELMERE L. —MHICLUT Ofactorized formTE T %:
do

dZdcosodg 1 ?60) + F(1 — 3cos® 0) + Fssin 26 cos ¢ + F,sin”  cos 2
dgPd cos 0d¢ 1(1 + cos” 0) + Fy( cos® 0) + Fysin b+ F, @

+ Fycos 0 + Fgsin 0 cos ¢ + F,sin f'sin ¢ + Fgsin 20'sin ¢ + Fysin? 0 sin 2¢.
9DDF, = F(g%)I& productionTRE Y, (cosb,¢)DH%ERD D, BAT D&
do 167
-3
FUEZDERMTEBEICH G Uy (cos b, ¢) 7 Dnormalization & RE. 5 Y DREF,
(i=2to 9)DEIA 8EALDIE. Spinl¥iF DPolarization® BHE N —HIC 872 5.

1

Message: 8 E|DBIEIF, /F, (i = 2 to 9)h'PolarizationZ uniquelZparametrize L. & 51
BREEAE (cos0, p)DTRERET Do F(=ZDEMBEME) BRI, F (i=2t09)b
27T, Z bosonhE D EM I N=AIZHKTF (i.e. process-dependent). 4/15




Kinematics and frame for Z production and decay

Z rest frame®D FEAZ R (Funique TIE72 LY, Helicity frame & Collins-Soper frameh* G %,
Helicity frame:

o EIRICE > TIE BHIFEADframe,
o Helicity amplitudez ZD X £ff > TFHERBE/ZN D, LEHIICE,

Collins-Soper frame (Collins, Soper 1977) (S ElE. TN 7%3&ER) :

o Z+jetsBIETIIIFENTH Y, ERRICE T, BFIRAHDframe (DY),
e Lab. frame TDleptonDEVRIE (p 78 E) A\ 0& g% fF > THBMAF TET 2,
o TOMIZRTLIIC. 2[Eboostd 5,

A Ees (= Gr/qr) A dcs (= dr/ar)
z ; . |
Z " = (¢, ¢y, 0) ' = (6=0)
—yp i L CIE ; )
1 " 2 2
-— —_ e = zi 4 fos

- 5 1
P P2 P | P2
X X |

Lab. frame

[Message: Z rest frameDEEEZR & LT, Collins-Soper frame= B4 5 & BL t%ﬂ‘é\b‘é% \.]




Kinematics and frame for Z production and decay

Z rest frame®D FEAZ R (Funique TIE72 LY, Helicity frame & Collins-Soper frameh* G %,
Helicity frame:

o EIRICE > TIE BHIFEADframe,
o Helicity amplitudez ZD X £ff > TFHERBE/ZN D, LEHIICE,

Collins-Soper frame (Collins, Soper 1977) (S ElE. TN 7%3&ER) :

o Z+jetsBIETIIIFENTH Y, ERRICE T, BFIRAHDframe (DY),
e Lab. frame TDleptonDEVRIE (p 78 E) A\ 0& g% fF > THBMAF TET 2,
o TOMIZRTLIIC. 2[Eboostd 5,

0 (0<0<m)&e (0<¢<2m)FERICIFEOND (£T, Lab. frame TDEHE) :

3,0 2 = = = |2
cosp - 2@l —a*pf) 2 (@Pr,-dr —1GcPp - q)
Qy/@2 + |G |2 sinf Q2G4 /@2 + |Gp |2
2 Pp XG
sing = —— "1 T Py-

Qsin6 |5, x Gl

[Message: Z rest frameDEEZEFR & LT, Collins-Soper frame%2 AT 2 & B~ t%ﬂﬁﬁﬁ\:\]
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Z polarization in the ZH signal and
the Zbb background.




Z polarization in ZH and Zbb: coefficients in the ZH signal

Signal process q§ — ZH®D. F,(i =1 to 9)&&tH, CS frameT®D. HEALIRIRIE

Itk (om) — —and Vs /
M7 (qq)f—4mZGF(vq+aaq)ma(l+o)\ 1+q2r/m%),

z
M;=%(qq) = 0,
where X (= =, 0) are the eigenvalues of J, for the Z boson. #&R& LT FEF, 7
Ih5%%:
do

m = Fy(1 + cos® 0) +K(1 — 3cos?6) +><sin 20 cos ¢ + F, sin” 0 cos 2¢

+Kcos€ +f<sin 0 cos ¢ +Ksin 0sin ¢ +%sin 20sin ¢ —i—%sin2 0 sin 2¢.
DF, 5 567,600 ORI

o Frgold BIELIRIBOMESRAIEICHA.
o Fhagrgld M3™0(qq) (= 0)ICLLAI.
o Rl ggDFEE L. GqdFESN. BHST. Fv o,

[Message Signal®d, ZHRY vV HEREAE (cos 0, ¢)DHIE. F,/F, = @ E@LEJ&LE}

22+2

o grlilH>T. BDAMICKE S, Boost region TER ! 7/15



Z polarization in ZH and Zbb: difference between ZH and Zbb.

Signal process gg — ZH &, background Zbbld, fRATHIICEAR 2 DIEEEILE NS, B
BEIICF,(i = 1 to 9)% ¥,

MadGraph5.aMC@NLO (Alwall et al 2014) T, LO event samplesZ {E4). LLFDboost
regime®Msignal selection cuts% MF THSEE:
75 < mypp < 105 GeV, 115 < mpp < 135 GeV,
pry > 25 GeV, |yp| <25, 0.3 < ARp < 1.2, gp > 200 GeV.
BRIIC, FLEREFEFNES:
do

W = F(1 + cos? 0) + F,(1 — 3cos? 0) + F, sin? 0 cos 2¢,

ZHp ZHgp Zbb
Ax(= F/F1)  0.001(1)  0.026(1) | 0.470(1)
Ay(=Fa/F1) —0.825(2) —0.972(2) | 0.447(2)

o ZHRIZEAE (cosh, )N Fild. signal, background#iZ, Z
polarization% parametrize L TW3 A, & A, 21T T, BEITRE.

o A,EA, & signal&background T, FEEICELD.

o 0, ¢ DHEEAFIRIND: 0<cosd<1,0<p<7w/2. (bEHEIK
“1<cosf<1,0<¢<2r) 8/15



Z polarization in ZH and Zbb: (cos@, ¢) distribution.

Ratio of the normalized (cos 6, ¢) distribution for ZH,,,, to that for Zbb:

1.5

0.5

0.0
00 02 04 06 08 1.0

cos@

0(0 < cos® < 1), $(0 < ¢ < 7/2) IFAT %> TEHE (£7TLab. frame TDIEHE)
2|q°p; — a*p)| | | = 2 |@%Bry, - dp — |dr e, - d
Q /QZ+|(7T|2’ sin 6 Q2|§T| QZ+‘JT|2
Fig LT ERNT BRENR, BHEGBEMT, £~ < £ corresponds to 0 — m — 0 and ¢ — ¢ + 7
(i.e. cos — —cos and cosp — —cos ). TDHFEEIE charge misidentification AR H K72
WZ - e" et Tlh RBEE

Message: ZH signal & Zbb background®, Z polarizationiE WL, Z DHIRS iz

2 R7t(cos 0, ) B IC100%IRN T W B,

ZDH#EEFEXIE Zbb irreducible BGEZEEZ . 9/15
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Lepton p; in terms of the
Collins-Soper angles




Lepton p; in terms of the CS angles: general formula

Lab. frameT®Dlepton pp A%\ O& %> THEMBF TEIT S:

N dcg (= Gr/ar) N dcg (= dv/ar)
7 , . :
Z "= (¢",r,0) ' I~ (p=0)
3. = ¢*/q" §=G/\Q* + ¢ , :
—_— = —_— = ' : ~ Zos

Lab. frame

In the CS frame : (pz,(ﬁ))” = g(l, +sin 6 cos ¢, £sinOsin ¢, :l:cos@).

x-axisDEE T, B = qp/\/Q? + g3 Thoost:
1
In the Lab. frame : 5TZ—(Z+) =5 (qT +4/Q2 + q% sinfcos¢, +Qsinfsin d)).

ZDEFFETIL Lab. frameDx-axisODAZ ITKEL TLE D Mo, EEEEE:

_ il . . .
Pro—(e+) = |PTZ,(Z+)| = 5\/q2T + Q2sin 0 + g2 sin? 0 cos? ¢ & 24/ Q2 + g2 sin 9c1cz)s/<?.5
That's all!




Lepton py in terms of the CS angles: difference between ZH and Zbb

0, B 0<cosf0<1,0<¢<n/2&, RSN TVWEE~LZDIFEICIE harder
lepton(¢; ) & softer lepton(£,)Dpp EFHE T E A HES:

Prei(2) = %\/q% + Q2sin? 0 + g% sin? 0 cos? ¢ & 2q..1/ Q2 + g3 sin O cos ¢.
Signal (&, ¢ ~ /2% F&: 2 DDleptonDp . H'F L,

1 .
Prer = Prez = 51/ g3 + @2 sin? 6.

Background & ¢ ~ 0% %< FE: 12lEd < hardT. 69 —2IEF I < soft,

Pree) = %‘QT + \/@sin 0‘.

o
ZHoy ZHoy
kg 1.78 0,010 ZHer ZHor
150 25 - w
< o008 s 200<qr<300
3 200<gr<300 3 H
10 1.25 & 2 ooosf}
" & 0006 P
1.00 3 5 0006}t
Y Y H
05 2 000 SR
075 0004}
0.50 o002 -
00 . 1
00 02 04 06 08 10 MO Lo 0 -
" 100 150 200 250 300 0 50 100 150
cos pr of the higher pr lepton [GeV] pr of the lower pr lepton [GeV]

LMessage: PolarizationM3& WM, lepton pp ICBEICAE TR, g AVRE WE 8‘@3%.1}/15




Analysis at the hadron level




Analysis at the hadron level: simulation setup.

e Signal& Backgroundld. hadron level C. Sherpa+OpenLoops (Gleisberg et al 2009,
Cascioli et al 2012, Denner et al 2017)%{% >2T¥Ialb—h.

e H — bb sideld. jet substructure analysis% fF (Butterwirth et al 2008): pr, > 200
GeV, |ny| < 2.5, |ImEPRS — my| < 10 GeV.

o Z — (l sided, selection cutsld, two charged leptons (e or u) with || < 2.5,
which reconstruct a boosted Z boson: 75 < my, < 105 GeV, g = py,, > 200
GeV.

e 70% b-tagging efficiency and 1% misstag rate & & &,
e Lepton pp cutZ. pq, > 30 GeV& L7AIZGED, signal & background Drateld:,

| ZHpy | ZHge | Zbb |t | ZZ
Rates (fb), pr¢ >30 GeV || 0.16 | 0.03 | 035 | 0.02 | 0.02

e Finally, we perform a two dimensional binned log-likelihood analysis based on
the (cos 8, ¢) distribution, invoking the CLs method (Read 2002).

[ Message: H — bb taggingT. %% %5, ZDpolarization|Z IFEEEIR. ]
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Analysis at the hadron level: results.

ke
e
=SS
=3 8

50 observationlC B3R E 115 Luminocity (7272 L. 2-lepton channel7Z (7).
lepton p. lower cut.

PolarizationM3iE\ (i.e. (cos, )P HDELV) EERE L THEIT

EEEBLTWARL,
390
. 50 observation
3801 N Pp-ZH(bD)
. 13TeV LHC
370} ™, )

50 60

pre [GeV]

RIERIE lepton prE EIFBICDONT, MET 2, BRI BIICRELDIC
backgroundDlepton D H¥soft ZH 5, 77 L. 35 GeVE Ts

—FH T E#IE lepton pp & LIFBICONTEL RS, EHAI lepton pp
cutiZ & 2T, polarizationDIEHRHMNKHN B H 5,

40

020 30

Message: Polarization®iZW & FIF L 72f@&#fid. B: Luminocity T. 10%< 5 W

DELENRAD B,
lepton p cutld, HRZ7ZIFEDICERTE

(cos 0, )N DEVEBKBICFIAT 25HE

L7kE> A B, 13/15




Summary




o Z S UDAENHERD I L TELNS. ZDpolarizationDI1EH % > T,
Z(£0)H(bb)BFE Dsensitivity DAL AR 2 00 & S AR,

e Irreducible ©EH DdominantZtbackground Zbbld. signal& id. FEICELZZ
polarization F 59 %, T DEWIL (cost, ¢)DFICEIEICTRN B,

o ZMDEWE FEI& lepton pp ICHKRE (N B: BackgroundDFH AN hard
leptonid & W hard T, soft leptonid & W soft, T2 5. lepton pp cut’e EF<
BERZ & T, polarizationMEWEIRDMICER T 5 Z & A HTHEE,

o (cosf,¢) DAHICED L=, 2D binned log-likelihood analysisx 9% Z & T,
polarization W% 100%EE T % Z & A HAE Luminocity T, 10%< 5L D[A
EARAD B,

o ZOBMITHREREDIE leptonsDEHNER T, (~ LT ORBIEFE,

H — bb tagging& &, SE2ICHII: Maltivariate analysis® L & 9 4% Dijet-mass
analysisz L &K 3 A A%+ >THERLY,

HUYNESITTVWELE.
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Prospect




Prospect: WH(bb) search (1-lepton channel).

W — wiZliFE (&EvTW massZiBRT 2 &% RET D&, X

1&| cos 0] & | cos p|lEuniquelliRE B, ZHid. Collins-Soper frameDHF
%&O)_D.(Hagiwara et al 1984)

F Ebackgroundld. Whb, tt, single t.

W polarization in WHId, Z polarization in ZHpy IC3 < UT WS, &
51, W polarization in Wbbl&, Z polarization in ZbbiZ 9 Z < LT W
%, WU, BADFEIE WhbaEETDICIE. FIAEEZ S, ttE.
single tld KRR,

1-lepton channel T, leptonDIEFHRAMVAICEDLDNTWEH 5, BE
|Zpolarization DEFRAE B FE LN T W B AEEMEIEH 5,

L T<NBA. BEEH,
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Appendix



e Multivariate analysis after basic event selections.

e Only m(£*¢7) as the information of the charged leptons:

Variable 0-lepton  1-lepton  2-lepton
Y = pmiss x X
B x X X
pht X X X
prz X X X
Mpp X X X
AR(by, by) X X X
|An (D1, b2)| x
Ap(V, bb) X X X
|An(V, b)) X
Meft X
min[A(7, 5)] x
m¥ x
Mgy X
Miop X
|AY (Vb)) X

Only in 3-jet events
Pt X X X
Mpbj X X X

(ATLAS 2017)



e Multivariate analysis after basic event selections.

e Only m(£*¢7) as the information of the charged leptons:

Variable Description Channels
M(jj) dijet invariant mass All
pr(jj) dijet transverse momentum All
pr(j1), pr(j2) transverse momentum of each jet 0- and 2-lepton
AR(jj) distance in 7-¢ between jets 2-lepton
An(jj) difference in 77 between jets 0- and 2-lepton
Ag(jj) azimuthal angle between jets 0-lepton
pr(V) vector boson transverse momentum All
Ap(V,jj) azimuthal angle between vector boson and dijet directions All
pr(jj)/pr(V) pr ratio between dijet and vector boson 2-lepton
M(ee) reconstructed Z boson mass 2-lepton
CMVA max value of CMVA discriminant for the jet 0- and 2-lepton
with highest CMVA value
CMVAmin value of CMVA discriminant for the jet All
with second highest CMVA value
CMVA, 44 value of CMVA for the additional jet 0-lepton
with highest CMVA value
miss missing transverse momentum 1- and 2-lepton
Ap(FRss ) azimuthal angle between p** and closest jet (pr > 30 GeV) 0-lepton
Ap(piss,¢)  azimuthal angle between Fiss and lepton 1-lepton
mr mass of lepton pr + piss 1-lepton
Mtop reconstructed top quark mass 1-lepton
Naj number of additional jets 1- and 2-lepton
pr(add) transverse momentum of leading additional jet 0O-lepton
SA5 number of soft-track jets with pr > 5GeV All

(CMS 2018)



Signal regions

0-lepton

Llepton

2-Tepton

Y > 150 GeV.

Y > 150 GeV, 2-b-tag

75GeV < pt < 150 GeV, 2-b-tag

Y > 150 GeV, 2-b-tag

Sample 2-jet 2-jet 3-jet 2-jet >3-jet 2-jet. >3-jet
Z+1 17+11 27+18 1.5+1.0 34423 13.7£8.7 49+32 41£28 30+19
Z+cl 45+18 76 + 30 3.0£1.2 6.94+28 43+£17 170+ 67 11.5+4.6 88+35
Z + HF 4770 + 140 5940+300 | 179.5+9.1 348 +£21 74004120 | 14160 + 220 1421434 | 5370+ 100
W+l 20+13 32+£22 31423 65448 <1 <1 <1 <1
W+l 43+20 8338 139467 250+ 120 <1 <1 <1 <1

W + HF 1000 £ 87 1990 £ 200 2660 £ 270 54004670 1.8£0.2 132£15 1.440.2 4.0£0.5
Single top quark 368 £53 1410 £ 210 20804290 | 9400 £ 1400 188 +89 440 £ 200 23.1+7.3 93 £26
tt 1333 £82 9150 & 400 66004320 | 50200 + 1400 3170£100 | 8880 +220 104 £6 839 £40
Diboson 254449 318 £90 178 47 330+ 110 152432 355 £ 68 52+11 196 =35
Multi-jet e sub-ch. 100 +100 41435

Multi-jet p sub-ch. - - 138 +£92 260 £ 270 - - - -
Total bkg. 7851+ 90 19020+ 140 | 12110 £120 | 66230 4 270 10964 +99 24070 £ 150 1617431 | 6622478
Signal (fit) 128+ 28 128 +29 131430 125430 5111 86422 27.716.1 6717
Data 8003 19143 12242 66348 11014 24197 1626 6686

(ATLAS 2018)



Selection O-lepton 1-lepton 2-lepton
e sub-channel 41 sub-channel

Trigger B Single lepton B Single lepton
Teptons 0 Toose Ieptons T tight clectron | 1 medium muon 2 Toose leptons with pr > 7 GeV.

with pr > 7 GeV pr > 27 GeV pr > 25 GeV > 1 lepton with pp > 27 GeV.
Eps > 150 GeV > 30 GeV
my = = 81 GeV < myy < 101 GeV
TJets Fxactly 2 or 3 jets Fxactly 2 or > 3 jets
Jet pp > 20 GeV
b-jets Exactly 2 b-tagged jets
Teading b-tagged jet pr > 45 GeV

Hr

> 120 (2 jots), >150 GeV (3 jets)

min[Ap(ER™, jets)]

> 20° (2 jets), > 30° (3 jets)

bb) > 120°
A¢(by, by) < 140°
5 <00°
PY_regions > 150 GV (75, 150] GeV, > 150 GeV
Signal regions v myy, > 75 GeV or myep < 225 GeV

Same-flavour leptons
Opposite-sign charge (up sub-channel)

Control regions

mpp < 75 GeV and myop > 225 GeV.

Different-flavour leptons

(ATLAS 2017)



Variable 0O-lepton 1-lepton 2-lepton
pr(V) >170 >100 [50, 150], >150
M(LL) — — (75,105]

2 — (> 25,> 30) >20
pr(j) >60 >25 >20
pr(j2) >35 >25 >20
pr(j) >120 >100 =
M(jj) (60, 160] [90, 150] [90,150]
Ap(V,jj) >2.0 >25 >25
CMVA max >CMVAr  >CMVAr >CMVAL
CMVAnin >CMVAL >CMVAL >CMVAL
Naj <2 <2 =

Na¢ = =0 —

ppiss >170 — —
Ag(FT ) 05 — —
AG(PIS, FEs (k) <05 — —
Ap(piss, £) = <2.0 =
Lepton isolation — <0.06 (< 0.25,<0.15)
Event BDT > —0.8 >0.3 > —0.8

(CMS 2018)



The amplitudes M2 (qg) can be written in general as

2m? 1
MMgg)= —E ——————T.(q§) - €,.
o(aq) = — S+ imyT, +(q3) - €x

In the c.m. frame of the Z + H system, where the z axis is chosen along the collision
axis and the y axis is chosen perpendicular to the scattering plane, we find

2
':Z (Vg + 7ag)V5 (0, -1, —ic,0).

Fo(qq)t =

The currents in the CS frame can be easily obtained by the two boost steps:

2m .
Fo(q@)" = £ (vq +03g)V3 (ar/mz, —\/1+ a3 /m2, —ic0).

This procedure is justified because the initial quark and anti-quark are assumed to be
massless and the helicity of a massless particle is frame-independent. We choose the
following as the Z polarization vectors:

iy =(0,-),—1,0)/v2,
ei_, =(0,0,0,1).



The coefficients F; (i =2, 9) can be numerically calculated from

»:n ‘o‘n »—m ‘oo71 »—TI ‘\TI »:n ‘c:n :"] ‘U:n »—Tn ‘J:n »—m ‘wﬁ »—:n ‘l\;n

16 0(1 —3cos?0 > 1/4) — o(1 — 3cos? O < 1/4)
9 (1 —3cos20 > 1/4) + o(1 — 3cos? 0 < 1/4)’
o(sin20 cos ¢ > 0) — o(sin 20 cos ¢ < 0)

a(sin20 cos ¢ > 0) + o(sin20 cos ¢ < 0)’

a(sin? 0 cos2¢ > 0) — o(sin? 0 cos 2¢ < 0)

a(sin? 0 cos2¢ > 0) + o(sin? 6 cos2¢ < 0)’

s 4
3

™
T

(cos@ > 0) — o(cos® < 0)

(cos > 0) + o(cosf < 0)’
(sin@cos¢ > 0) — o(sinf cos ¢ < 0)
(sinfcos¢ > 0) + o(sinfcosgp < 0)’
(

(

sinfsin ¢ > 0) — o(sin@sin ¢ < 0)
sinfOsing > 0) + o(sinfsing < 0)’
o(sin20sin ¢ > 0) — o(sin 20sin ¢ < 0)
a(sin20sin ¢ > 0) + o(sin 20sin ¢ < 0)’
a(sin? 0sin2¢ > 0) — o(sin? Osin2¢ < 0)
a(sin?0sin2¢ > 0) + o(sin? Osin 2¢ < 0)

8o
30
8o
30
8o
30

™
T

)

which measure the differences in the numbers of events.

(1a)
(1b)
(1c)
(1d)
(1e)
(1f)
(1g)

(1h)



In terms of the scattering amplitudes MA Ay

initial gluons, the functions f; can be wrltten as

where )\, , denote the helicity of the

~ 1 _
=D §(|M;rl>\2\2 + |M>\1>\2‘2 + |M31,\2\2)
PW
1
fh= E‘Mg\l)\QF
A

N

T
(]

1 * = *
— ERe[Mg‘ﬂz(M;‘—Mz) _MAIAZ(M(;\IXZ) ]
1272

T
(]

Re [M;1A2(M1—1)\ )*]

2

>
[y

>
N

— + o2 - 2
fs = (|M,\1A2| = M5, )

19

f6 = Z ﬁRe[M§1A2(M§1A2)* + MII)\Z(M(;\IA )*]

2

>
>
N

Ap Ay
= 3 VRmIM 5, (M550 405, (8,0,
1
1 * = *
fg = 2 \Tzlm[Mglxz(MIIAQ) _MA1A2(M2\1>\2) ]
1°7'2
fo = Z Im[M A Ay )*]-

>

DWW
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