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ABSTRACT

The leptons emitted in decays of W and Z bosons produced in
pp or pp collisions exhibit characteristic asymmetries with re-
spect to the beam direction, as measured in the ¥ or Z center-of-
mass. The asymmetries appear in both pp and pp collisiens. For
pp. collisions they appear to be approximately constant qyer the
whole y range for values of M/v/s 2 3.1 For smaller values of M//s,
the asymmetries become more and more washed out in the central re-
gion as sea-sea callisions begin to play a larger role in gauge
boson formation.

INTRODUCTION

Forward-backward asymmetries in W decays have played a cru-
cial role in establishing that the spin of the W is 1.1 They can
also be expected to be useful in identifying the characteristic
counlings of the Z° and of any other new, heavy gauge bosons that
could be produced. Such possible gauge bosons include:

(1) a massive counterpart Wp of the W,2 coupled via right-
handed currents to ordinary matter; and ’

(2) heavier Z's, which arise when one gauges mere U{}) sym-
metries than-simply the weak hypercharge.3

TABLE 1. Gauge bosons examined for decay asymmetries of the under-
lined leptons. Here N is a right-handed neutrino, which may be
massive. '

Bcson Mass Decay Comments

W 81 GeV v Standard Teft-handed "

Z 92 GeV 2"¢" Standard model z

Wp 2 TeV 2N Right-handed W

z, 1 TeV 2°¢" Couplings defined in
Appendi x

*Presented by J. Rosner at DPF Workshop on pp Options for the Super
Collider, University of Chicago, Feb. 13-17, 1984.
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Ih.. this note we display some of the expected forward-backward
asymmetries for various possibilities, 1isted in Table 1.

We first discuss production of the bosons in Table 1, then
their decay asymmetries. Some experimental possibilities for ob-
serving these asymmetries have been studied separately. A longer
version of this note, dealing with this and other aspects of heavy
gauge boson production in pp and pp collisions, is anticipated.S

PRODUCTION CROSS SECTIONS AND RAPIDITY DISTRIBUTIONS

We assume that W's and Z's are produced with zero transverse
momenta via standard couplings to quarks and antiquarks. For the
Z, the assumptions leading to couplings are described in the Appen-
dix. Theeresulting y distributions are obtained using structure
functions of Ref. 6. We then find
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B%MB+WEJ=-J%QQ”§Af;AB} (1)
do o 1 L3x107¥ . - -

Bayr(AB fg'g+) = S (U O+, L) )
. =3
1.67x10 = .=
+ = (DADB+DAQB)
do _ -k
By (AB ~ Z: +) = 2;52519_,.(UAQB+0AUB)
R e -
+-—i;li———-(DADB+DADB). (3)

The numerical coefficients in (1)-(3) are dimensionless. Here we
have used an 8.3% branching ratio for Wt > g*v (or #*N for Wp);
3.1% for 2° » 2=¢* and 4.16% (=1/24) for Z, » ¢"4%. This last
number is explained in the Appendix. Egs.”(1)-(3) are valid for
ary mass of W or Z. Here, for example,

UpDg = Ualx)B5(x5) (4)
with  x.x, = M2/s (5)
and 13 = Het¥ (6)
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We show the resulting values of B%g for W and wﬁ in Figs. 1 and
2. The rapidity v.shown is that o¥-the gauge beson. The rapidity
y, of the observed lepton is related toy by tenh(y,-y) = cose*,
w%ere o* is the angle of the lepton in the gauge boson center-of-
mass relative to the direction defined by y>0. Since, as shown
below, the gauge boson decay distribution is a Tow-order polvnomi-
al in cos 6*, most of the leptons will be emitted with rapidities
within 1 or 2 units of y, independent of the cauge boson or lepton



mass. (There will be a tiny tail of very hiagh-rapidity leptons,
whose length does depend on these masses).

In plotting Figs. 1 and 2 we have assumed that both leptons
have a maximum observable |y, | arbitrarily taken as & in Fig. 1
and 4 in Fig. 2. (For ordingry ¥ decays we assume that the mis-
sing neutrino is not observable beyond a certain rapidity, because
its transverse momentum is too low. For convenience we take this
to be equal to the maximum observable charged lepton rapidity.)

The effects of _valence quarks can be clearly seen by a com-
parison of pp and pp productlon of w at very high energies (10—40
TeV). The y distributions in pp - W' have two "wings"; those in
pp have only one. ‘It is thus apparent that valence quarks can
play a crucial role in gauge boson production away from y=0 even
at very high energies.

FORWARD-BACKWARD ASYMMETRIES
The role of valence quarks is very striking in the determina-

tion of forward-backward asymmetries. These may be calculated by
noting that, in the guark-antiquark center-of-mass,

do s -

2y 2 2 23 *)2
~ (L L2+ Rq Rz 1 (1+cos 8%*)

M1 4 14 |

‘ 2 2 21 2)(1- *)2
+.(Lq] RZ] + Rq1 ,Lh)(l cos e*)°. (7)
Here Lq, R R, denote left-handed and right-handed couplings

of quarks and %eptons The differential cross-sections per unit
of rapidity and per unit of lepton solid angle in the gauge boson
c.m.s. are thus: +

W* production: (& angle)

S5~ U0xq)D(xp) (1-cos o¥)2

- 2
+ D(x1)U(x2)(1+cos 8*) (8)
W~ production: (2 angle)

g;g-ﬁ v D(x,)0(xy) (T+cos g*

U(x])D(xz)(l-cos o*)? (9)
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Z production: (2~ angte)
o L(LEL2 + R2R2) (U(x,)D(x,)
+(LﬁRi + RﬁLﬁ)(U(x])U(xé)](1+cos 8%*)2
+ [(L2L2 + RZRZ)(D(x, )U(x,))
+(LﬁR§ +R§Li)(U(x])U(x2))] (1-cos o*)?

+ (U~ D) . (10)

The relative squares of left-handed and right-handed couplings to
Zg and Zx are shown in Table 2.

TABLE 2. Relative squares of left-handed and right-handed coup-
lings of fermion-antifermion nairs to Z0 and ZX'

Coupling Z, 'Zx
L, (-142x)2 = 0.314 9
Rg2 (2x)2 = 0.194 1

2 -4 12 =
Lu (1 3’x) 0.499 1
4
2 . ALY
Ru ( 3 X) 0.086 1
2 A+ 242 =
Ly (-1 + 3 X) 0.728 1
R 2 & x)2 = 0.022 9

The corresponding values of

1 0
do , d3g
I (Jo . Il)d(cose) e (1)
are
do + + A &
dy:FiB(w L)~ tU(x])D(x2)+D(x])U(x2) (12)




Qo) (W7 =+ 27) ~ D(xy)0(xy) = D(x;)D(x)) - (13)

| ay.FtB
do - T i
ay.FiB(z + 27} & [(U(x)0(x5) = D(x)U(x5))
x (L2 + RZ)][L2 + RZ] (14)

+ (U -+ D) ’

do/dy) - (do/d
o - (do/dy)g - (do/dy)g 3 (15)

B (dordy)p + (dordy)y

At fixed y one then can plot forward-backward asyrmetries. The
results are shown in Figs. 3-8. Several comments are in order.

(1) Asymmetries in proton-proton collisions do not vanish,
except at y=0. They are odd in y, rising (or falling) to very
near the maximum (or minimum) values attained in pp collisions at
the same energy when one moves awayv from y=0.

(2) For W/ 5 > 0.1, asymmetries in pp cellisions are nearly
constant over a wide y range. As ¥s increases, these asymmetries
become washed out in the central region as sea-sea collisions be-
gin to play a larger role in gauge boson formatior.

(3) The asymmetries in Z production are very sensitive to the
specific forms of couplings.

The practical observation of asymmetries in pp collisions re-
quires the binning of data with respect to rapidity. This will
lead to a loss of data around y=0, but still shouid yield useful
results. The question is being examined in more detail for a
specific detector design.3 It may also be possible to canstruct
more global variables ?such as average lepton energy) sensitive
to these asymmetries.>
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APPENDEX. Couplings of %x'

The normal expression for the charge ih'the standard model is

_ ¥
| 0=1I3 *7 (A.7)
Both I L and Y are gauged. If one extends the model to one in
which ~the possibility of left-right symmetry at higher energies

is entertained, one can write

Y B-L

27wt 7 (A.2)
and gauge both I.o and §;L_. The demand that I R and Ei-be ano-
maly~free with rg§pect tg members of a mu]tip]e% then cgn be met
if one introduces a right-handed neutrino N, which may have a
large Majorana mass. It is then possible to nermalize I3 , I3p,
and (B-L)/2 consistently aver members of a dgeneration of quarks
and leptons '

1.2 =:z1

2 = 5 n2(BzLy2
2 =ri? =z eEh (A.3)

where N Bt is a generator proportional to (B-L)/2 with the same
normalizafion as I3 and I35. There is then a combination of I3p

and N Eét- orthogonal to that shown in (A.2). [t is proportional
te.

B3k = 515 + 301y, - Q). (A.4)

roj

x =21

3R "
The values of y for various left-handed quarks and leptons are
shown in Table A.1. These are just the values of the U(1) charge
in SO(10) - SU(5)xU(1), but of course are more’ general. The
charge x is 1ikely to be of interest whenever one attempts to
gauge both Iap and (B-L)/2.

TABLE A.1. Values of generator x for left-handed fermions.

x = 3: d, e, v Su(5) 5-plet
X =-1: u, G’ as e+ SU(S) 10*-plet
x =-5:  * su(5) singlet
T A S0(10) 16*-plet
+ -

I‘(ZX + uu: dd: e'e’: ”e;e: NgNo) =
= 3(12+12): 3(32+12): 32+412: 32: 52 = 6: 30: 10: 9: 25
For 3 generations, B(Z, - e+e') = (1/3) (10/80) = 1/24.



FIGURES

Fig. 1. Bgy(do/dy) for pp, pp ~ W oat E?M = 40 TeV. Solid line:
pp +~ W' (p along +y direction here and elsewhere). For pp ~ W,
reflect this curve about y=0. Dashed line: pp -+ Wt. Dotted Tine:
pp + W.

Fig. 2. Ben(do/dy) for pp, pp + Wg® at Ecy = 46 TeV. Solid,
dashed, and dotted lines as in Fig. 1. (Here we show both charges

of Wp in pp interactions). -

Fig. 3. Forward-backward asymmetries Apg of z+ in H+ c.m.s. as
functions of WY rapidity yyt in pp (dashed-lines) and pp (solid
lines) » Wr & 2%y . Curves are labeled by total c.m. energy in
TeV.

Fig. 4. Same as Fig. 3 for W, 2.

Fig. 5. Apg of 2~ VS Y70 in pp (dashed lines and po (solid
lines) + Z° » g=¢t,

+ +
Fig. 6. App of 2t in ¥p" c.m.s. for My, =2 TeV, vs. yuo .
(Other labels as in Fig? 3). R R

Fig. 7. Same as Fig. 6 for W™, 2 .

Fig. 8. Agg of 2~ vs. y; for M, =1TeV, vs. y7 . (Other
labels as in Fig. 5). X X
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