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The polarization &fxu in associated with fermion pairs production of
Higgs scalar part‘!,c‘les in pp and pp-collisions g.re studied. These effects
are shown to be great, thenfore.tlnir“ measuremenit may appear an important
ldditiona_l tool to separate from the background processes that are e-ssent'lal
practically for all ieclnniias of Higgs boson production,
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TONIPASAIOHINE 33JEKTH B PORAENMM H° ~-BO30HA
Bpp U pp - CTOAKHOBEHAAX

HccaenoBamy  moaspxsammomnde SEfexTd B aCCONMEDOBARRO!
C DapaMx GepMEOHROE DOXEKCHNN XAI'TCOBCKEX CKAXADHMEX YACTHNI B
PP X PP - CTONKHOBeHNAX. [IOXA3SNO, YTO BOANINHH STEX 5§-
$eKTOB BOXNKEN, STO MOTXO OH FBETHCA BAKNIM ZONOANNTOXLEMM OMO-
COGOM OTCTPANPANEA OT (ONOPUIX NPOQECCOB, XOTODH® SMANNTONHNH
HPAKTNYECKE BAT BCOX MEXANNIMOB DOKNONNA XNITCOBCKEX GOSOHOB.
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A number of associative mechanisms of Higgs scalar particles (Ho-hosons)
production in pp and pp 7colIisions was suggested [1-13]. The cross sections
of HO-boson production in these reactions are less than those of its sinale
production [14]. However the production of HO-boson in association with
other particles (heavy quarks, vector bosons, etc.) undoubtedly aives rise
to more favourable condition§ for their identification. Besides, Hiaas sca-
lars are produced with high transverse momenta, this enabling one to escane
from large background processes of the Drell-Yang type.

This work deals with the polarization effects in the HO-boson production
in association with fermion pairs [1,2,7] (see Fig.1).

The mechanism under study is one of most perspective in HC-boson pro-
duction in hadron-hadron collisfons. Therefore qbtaining of additional in-
formation about Higgs sca1ar production owing to the presence of the polari-
zation effects (note that these effects are absent in other mechanisms of
H%-boson production) seems interesting. Polarization effects not only can
give an - important additional information about the HC-boson production me-
chanism, its coupling constant with gauge bosons, but also allow to escape
from the background processes which are great praética11y for all mechanisms

£ HO-boson production (Fig.2 gives an example of the backaround process
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which imitates the HC-boson production in association with the fermion
pairs}). The study of polarization effects is especially interesting in con-
nection with the polarization experiments planned at the CERN pp-collider
"15] , where they expected to cbtain longitudinally polarized hadronic heams
>f high intensity [15] .

The presence of polarization effects in the considered mechanism (see
Fig.1) in case of longitudinally polarized hadronic beams 1s connected with
the availability of Z° and W* bosons whose interaction with quarks con-

tains an axial part, this just giving rise to P-odd effects. Hence there

arise asymmetries of the type

_ d6(+) ~d6(2) fq, = 4661 -d6()
A= Ggmedem 7 127 d6(F+)*d6(--)

(1)
A6+ - dB (-
As= g6+ d6(9)

Here O (+) 1s the cross section of pp (pp) scatterino i case when one
of the beams is longitudinally polarized with helicity h,s 1, ©(x
(6 (£ 3 )) - are cross sections of the studied process in case both
beams are polarized with helicities hy= +1and h,= 21 ( h= 1 and
hzf 31). To calculate the asymmetry, ﬁe shall give the expression for the
amplitude square :

2 2 2 (2)
M%= M4+ Mg + M2, |

. da .
Mg = 32(g3-m?)* (9% - m?)? {(35, * 3:1)[(1 "5 59y + 92) +29,9.2(3)
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(45 5,)[(62+G2)(GV,* 62,)~ 4ayev,a,aa,]+(g, 5 [f-C‘rvGﬂGvﬁuaJ

“‘?GWGQ:(GV +g2 )]J (K1 K)( P, Pa)} ’

c‘Z
it 16(g2-m?) (g%~ (g5 ™24 51

M2 (1-%%;)> [3\"“"1*346‘21)‘ {5)

® (Gv qu + Gﬂgai)*'(‘?'vgm*' Gagw)(gv G-'a'.‘ *+ go, Gvi)] * ( g:f - gz) x

(9, Grar* Go Gur) (GvGv* Baar) *(GeGar* Gagud(4Bvs* Cargall K P2 Ke P,

Here gv v Qv o Gv » Gy > Ga » 9a, » Gq and Gq, are the vector
and axfal coupling constants of quarks and Jeptons with 22 and * bosons
defined according to the Weinberg-Salam model, fer the Z°-boson (d=§3mg 7

we have: .
d{& 4
g\l'-l('-l)_' 8 sin GW ) gv { )—- - ‘[ + = Slﬂa Gw 2
- (i) ' ad) _ _
: 8!1 =1, ' aq i ’
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. e,
: ge¥)=1-4sin*6w , g’ =

for the W* bosons ( o = gamw } we have:

i Qv =V2 ’ ga =

‘urther on, for the numerical estimates we shall ev rywhere take sin"ew =
= 0.22, d=§3mz or 93 My 3 §1 and §'a are longitudinal prola-
rization vectors of quark and antiquark, M — {s the cauce hoson mass.

The exbress_‘lon for the cross section has the form (for simplicity, we

shall give only the contribution coming from the diaaram of Fia. 1a):

d6a (hiha) _ [ dx. fdx, 96alk:, E2)
5 ———-—————dx 1o —S X1S X2 “dxds FW(a)(Xt»XZ) ’

T Xe

\ d6a(y b _ Gom®  [(-x+mb/sf-4me/s]”
dxde 68 @ (5-m%)?F (x- m¥/s)2

(6)
f8x + [U1-xrmiy/s)* - 4l /] siri'0} (g, +2) (1= 5, o)+

+29,9a (85 -5)1(9v,* 93,) »

wiere S=(P,+ P,)% ,T=(m+mu)¥/So , So=(Pi+P)® ; P and
P. are the momenta of colliding hadrons, X, and X, are fractions of

hadron momenta carried by quarks ( P,=X4P: , P,=XzP, )3 S =
= X1 X250 .My~ 1s the HO-boson mass; X =(K,+Kz)?/S ,dQ=dcosOdYy

vhere © and ¥ are the polar and azimuthal anoles of vector -F.’. 3

h
me-. ;((!‘)) (X9 f:((:z) (X2) for the pp-interaction, and
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Fw(z) f‘;(k) )eq(g

y(X2)  for the pp -interaction. Here f;(x)

and f@ (X)  are distribution functions of the valent quarks in the had-
rons {we neglect the contributions of the "sea" quarks in hadrons).

To obtain numer'lca'l values of the studied asymmetries, one should know
the functions qu) (X) and ;(‘?; (X) or relatfons between them (in
fact one should know how polarizations of quarks and hadrons are connected).
We shall carry out our calculations for the SU(6)-s,mmetric wave function of
proton:

P(p*)=2usd-uy>+2[usilyd > +2[d-usls > -

~tU-de > - [Updeu>- ju-dsts >-ld+ Ut >

—ld+u.|.u~>- ‘Ll._u+d-+>,

where we have the following relations between the quark distribution func-

tions:

Frono = $00= 20, G0~ faS 0= 51w,

f:g; x)= 'l.'pu-)(x) = "ffmv‘) ) :::))(’0 .)?::+))(x -—g—f‘:m(x)) (7)
f., x)=2f7 , ff:“’(x) 2{"“’(::) ,

Hé have carried out the calculations also in dynamical model (o the
Farrar-Jdackson type [16] ), where at X =1  the distribution of quarks

with helicity inverse to that of hadron is suppressed, i.e.

P( ) P( =) = - _
‘ (9
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P(+)

£ = 2000, fem 0= 0= F5%00 = 540700,

wuiy)

fu (x)= 5{1 x) fpm(x) 5fpm(x) '

(Note a priori that 1f for distribution functions in this case one uses

. the parametrization applifed in-Ref. 15 , then one obtains resuits which are
&lose to ours when we neglected the fP( )\X) and f,w) (X)  transi-
tions.)

We shall start to study the polarization effects from the case when the
fim1 fermion pair is a Tepton pair of the type of MM, e'e”, Yy , |
V€ , YM . Then the HO-boson production fn the mechanism under study
proceeads only through the S-channel diagram [1,2] (see Fig.la; 1in this
case the production of Ho-boson with m, € 100 + 200 GeV {s most advan-
tageous). Note that when the fnvarfant mass of the ﬂnp'l lepton pafr is
close to m , then we have the H-boson production 1n association with
Z° and W* bosons. From the expression for the cross section (see (6)) it
follows that 1n case of equal helicity of annihilating euarks the cross
section at a quark Tevel 1s zero (a similar result for the e* 2 _annihila-
tion is obtained in Ref. [17] ). This 1s due to the helicity comservation
in vertices of z°rﬁ and WEGG  type. However the hadronic cross
sections are different from zevo because of the possibility of the tremsi-
tion of negative-polarized quarks to pesitive-polarized proton. For the
asymmetries in the considered cnc we obtain:

U

Ay (ptu,ete) =04, Al (utum,ete) =07,

.H‘wts;(ve, Pu) =02 , Aj(ve, W)=1,

e



. HzSU(G)F(JJ+F-’ efe—, pe’ 9ﬂ)=0

Hsu(e)( +um, ete e’)=0,5 , .ﬁ:(ﬂ*ﬂ'r ete’)=0,7 .

In case when a final pair of i’enrlons is a pair of quarks ul s dd R
ud ’ dﬁ ,both S and t -channel diagrams contribute to the cross

section (see Fig.l).
In the region of small So (f.e. when VS~my+ M ) the min con-

tribution 1s determined by diagrams of the S -channel type, so for the

asysmetries we obtain

H?u(s) =03 , | A7 =0,9 )

su(e) F , (10)
A, =0 , A2 =0,
H:U(6)~0,3 , ﬂ: =0,8 .

In case S, 1s large (e.g. at studying the H%-boson production with
My 2 200 + 300 GeV), the main contribution comes from the € -channel
diagrams (7], and for the asymmetries we obtain

su(e) _ F (1)
H O ’ -Hz _O )
;R =06,  A%=1.

From the results obtained one can see that asymeetry - H,= 0, though
_ the SU(6)-wave function contains transitions of negative-polarized quarks

ﬁs-'m,-_g.,ma‘msfu_:y\' T R T
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v to positive-po'lar'lzed‘ hadron, this beina a result of symmetric relations of
the type: f;(x)=f§(x) , f;:f,)(X)= f-;::; (x) and so on, It is 1ntere.st-‘
fng that the symmetric relations cancel JHAz even in case of contribution
coming from the t-channel diagram (see (1)) when the cross section contains
terms of ( &, + Ea ) type (see (4)). From the obtained resultis one can
see that A; and Az asymmetries are large, this enabling one to measure
them experimentally.

Hence one can see that owing to the P-odd effects which gave rise to
considerable asymmetries in associated H%-boson production we have an addi-
z’ tional information to escape from the background processes of the type shown

7 in Fig.2 (where appearance of asymmetries is impossible). There exist however
background processes where, generally speaking, asymmeiries may arise. For
example, 1F in Fig.2 the virtual gluon is replaced by the Z°-boson. then
asymvetries arise (see [15] ). However from the results of Ref. 15 one can
see that asymmetry f; for this background process 1s inverse as against
the one studied {n the present work, Besides, there arose asymmetry A, ,
this being distinct from what was obtained by us.

The obtained results referred to the pp-collisions. In case of the pp -
collisions, the production of HO%-bosons with My = 100 + 200 GeV 1s not
advantageous, since there work only the S -channel diagrams, while the

contributions of the "sea" quarks to hadrons are neolected. In case of the

heavy HO-boson production, the t-channel diagrams work, and hence the re-

sults for pp and pp -interactions nearly coincide.

In conclusion, the authors would 1ike to express their sincere gratitude
¥ to S.G.Matinyan, S.V.Esaibegyan and Yu.Shakhnazaryan for their interest in

the work and useful discussions.
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