Boston University

OpenBU http://open.bu.edu
BU Open Access Atrticles BU Open Access Atrticles
1999

Technihadron production and decay
rates in the technicolor straw man model

Kenneth Lane. 1999. "Technihadron Production and Decay Rates in the Technicolor Straw Man
Model." https://arxiv.org/abs/hep-ph/9903372v2

https://hdl.handle.net/2144/39988

"Downloaded from OpenBU. Boston University's institutional repository."



arXiv:hep-ph/9903372v2 18 Mar 1999

BUHEP-99-5
lhep-ph /9903372

Technihadron Production and Decay Rates in
the Technicolor Straw Man Model

Kenneth Lane*
Department of Physics, Boston University
590 Commonwealth Avenue, Boston, MA 02215

March 12, 2018

Abstract

We present hadron collider production rates for the lightest color-
singlet technihadrons in a simple “straw-man” model of low-scale tech-
nicolor. These rates are presented in a way to facilitate their encoding
in PYTHIA. This document is a companion to my paper, “Techni-
hadron Production and Decay in Low-Scale Technicolor”.
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1 The Technicolor Straw Man Model

In this note we present formulas for the decay rates and production cross
sections for the lightest color-singlet technivector mesons Vi = pr and wy.
The decay rates have been revised for Vp — Gy, where G is a transversely
polarized electroweak gauge boson, v, Z° or W*. The gauge boson polar-
ization is defined relative to the spin direction of the technivector meson in
the latter’s rest frame. This is parallel to the beam direction in a hadron or
lepton collider.

Some basic references are: for technicolor and extended technicolor [, B;
for walking technicolor [[]; for top condensate models and topcolor-assisted
technicolor (TC2) [, B, B, [1; for multiscale technicolor [J]; for signatures of
low-scale technicolor in hadron and lepton colliders [d]. As has been empha-
sized in Refs. [§, [, a large number Np, of technifermion doublets are required
in TC2 models with a walking technicolor gauge coupling. In turn, Np techni-
doublets imply a relatively low technihadron mass scale, set by the technipion
decay constant Fr ~ F,/v/Np, where F, = 2_1/4G;1/2 = 246 GeV. In the
models of Ref. [[]], for example, the number of electroweak doublets of tech-
nifermions Np ~ 10 and Fr ~ 80 GeV.

To set the ground rules for our calculations, we adopt the “Technicolor
Straw Man Model”. In the TCSM, we assume that we can consider in iso-
lation the lowest-lying bound states of the lightest technifermion doublet,
(Ty,Tp). These are assumed to be color singlets and to transform under
technicolor SU(Np¢) as fundamentals; they have electric charges )y and
@p. The bound states in question are vector and pseudoscalar mesons. The
vectors include a spin-one isotriplet p%’o and an isosinglet wp. Since techni-
isospin is likely to be a good approximate symmetry, pr and wr should be
nearly degenerate. ]

The pseudoscalars, or technipions, also comprise an isotriplet H%’O and
an isosinglet IT%. However, these are not mass eigenstates. In the TCSM,
we assume the isovectors are simple two-state mixtures of the longitudinal
weak bosons Wi, Z%—the true Goldstone bosons of dynamical electroweak
symmetry breaking in the limit that the SU(2)®U (1) couplings g, ¢’ vanish—

Even though p% and wr have nearly the same mass, they do not mix much because,
as in QCD, they have rather different decay rates.



and mass-eigenstate pseudo-Goldstone technipions ﬂ%, o

[Tr) = sin x [Wi) + cos x |77) . (1)

Here, sinx = Fr/F, < 1. Similarly, [II}) = cosx’|7¥) + ---, where \’
is another mixing angle and the ellipsis refer to other technipions needed to
eliminate the technicolor anomaly from the IT% chiral current. These massive
technipions are also expected to be nearly degenerate. However, as noted in
Ref. [[f], there may be appreciable 7%—7%¥ mixing. If that happens, the lightest
neutral technipions are ideally-mixed Ty 7y and TpTp bound states.
Technipion decays are induced mainly by extended technicolor (ETC)
interactions which couple them to quarks and leptons [[]. These couplings are
Higgs-like, and so technipions are expected to decay into the heaviest fermion
pairs allowed. One exception to this in TC2 is that only a few GeV of the
top-quark’s mass is generated by ETC, so there is no great preference for 7y
to decay to top quarks nor for top quarks to decay into them. Also, because
of anomaly cancellation, the constituents of the isosinglet technipion 72 may
include colored technifermions as well as color-singlets. Then, it decays into
a pair of gluons as well as heavy quarks. Therefore, the decay modes of
interest to us are w5 — cb or ¢5 or even Tvy; % — bb and, perhaps c¢,
7t77; and ¥ — gg, bb, c¢, T77~. Branching ratios are estimated from (for
the sake of generality, we quote the energy-dependent widths for technipions

of mass s'/2):

. 1
F(71-T — f,f) = 1672 prf C?(mf + mf/)2
T
1 3
0 9 o 3
[(mp = g9) = 128792 a; Crp Nigs? . (2)

Here, Cy is an ETC-model dependent factor of order one except that TC2
suggests |Cy| < mp/my; Ny is the number of colors of fermion f; py is the
fermion momentum; a, is the QCD coupling evaluated at s*/2? (= M,,. for
on-shell technipions); and C;,. is a Clebsch of order one. The default values

of these and other parameters are tabulated at the end of this note.



2 pr Decay Rates
In the limit that the couplings g, ¢’ = 0, the pr and wy decay as

pr — Ipllp = cos® x (mpmr) + 2sin x cos x (Wrnr) +sin? x (WL Wp) ;

wp — HpllpIly = cos® x (npmpmp) + - - - . (3)
The pr decay amplitude is

M(pr(q) = ma(p1)mB(p2)) = gpr Can e(q) - (1 — p2) (4)

where, scaling naively from QCD,

2
=520 (y)
=Jor _991(-2_), 5
Qpr 4 NTC ( )
and
sin? y for WW, or WiZ?
Cap =1 sinycosy for Winy W;ni or Winl, Z07% (6)
cos® x for mhny or wETS.

The energy-dependent decay rates (for pp mass v/3)

_ 20, .C2p P
(6 = mimg) = Do — i) = 22esCan 77 )

where p = [(§ — (M4 + Mp)?)(5§ — (M4 — MB)2)]%/2\/§ is the 77 momentum
in the py rest frame.

For g,¢" # 0, pr decay to transversely polarized electroweak bosons plus
a technipion, G with g = v, Z°, W#, and to fermion-antifermion pairs, ff’
with f, f' = q or £*,v,. The decay rate for Vo — Grp is [I{]

aV?. pd  aA’ o p(3ME + 2p?
F(pT N G7TT) — %T]@é" prGnr 6](\4% G ) : (8)

where M is the G-boson’s mass and p its momentum; My and M, are mass
parameters of order several hundred GeV. The quantities Vi,.¢r, and Ay,cr,
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are defined for V = pr,wr as follows: 2

Virarr = Tr(Quid @by, @43) 0 Aviare = (@12 10k, QL) . )

In the TCSM, with electric charges Qu, Qp for Ty, Tp, the generators @) in
Eq. ({) are given by

1 1 0 ) (01
Qp%‘ﬁ(o —1)’ Qp¥—QpT_<0 0)
_cosx (1 0 . oAt 01
Qﬂ'% - \/5(0 _1)7 n;_QWT_COSX<0 O)
_cosx' (10
T Y2 \ 01

_ (Qu 0 Y. _
Q’YV - ( OU QD>’ Q’YA_O

Q _ 1 i—QUsirF@W 0
v sin Oy cos Oy 0 —1 — Qpsin® by
1 -1

- - 1

@z sin Oy cos Oy < 0 1 )
1 0 1

_ oAt _ ot

Owp = Qwy =@ = Oy 2\/§sin9W<0 0) (10

The V.G and Ay,.qr, are listed in Table 1 below.
The pr decay rates to fermions with Ny = 1 or 3 colors are ]

- Nyo?p
F(POT — fifi) = d

((5 = m3) AD(3) + 6m? Re(Ai (8)Aip(3))) |

3o, 8

ZWe have neglected decays such as p%. — WrWy, and p% — WrWy. The rate for the
former is suppressed by tan? y relative to the rate for p% — Wrmr while the latter’s rate
is suppressed by «a.

3Egs. ([L1), (13) and ([Lg) below correct Eqs. (3) and (6) in the second paper and Egs. (3)
and (5) in the third paper of Ref. [fJ]. A factor of My, /8% that appears in Egs. (6) and (11)
of that second paper has been eliminated from Eqs. (L)) and (E) This convention is
consistent with the off-diagonal sfgy, terms in the propagator matrices Ay + defined in
Egs. (1§) and ([[d) below. For weakly-coupled narrow resonances such as py and wr, the
difference is numerically insignificant.



Process \ WGy ‘ AviGrr ‘

wr — YT Cy 0
— g (Qu + Qp) ey 0
— 77, ¢y cot 20y, 0
— 7297 | —(Qu + Qp) ¢, » tan Oy 0
— W*nf ¢/ (2sin Oy ) 0
pr — VTP (Qu + Qp) ¢y 0
— Cyr 0
— Zoﬂ'% —(QU+QD) CXtaHHW 0
— 707 Cyr cot 20y, 0
— WErf 0 —¢y/(2sinby)
pT =TT (Qu +Qp) ¢ 0
— Z%7%F | —(Qu +Qp)cytanby | ¢, /sin20y
— WEnd, 0 ¢y /(2sinOyy)
— WErY ¢y /(2sin by ) 0

Table 1: Amplitudes for Vp — Gnmp for Vi = pp,wr and G a transverse
electroweak boson, v, Z° W=, Here, ¢, = cosx and ¢, = cos x .

N;a?p

L(pf — £if)) (287 = 5(m? +m?) — (m? —m?)?) AF(3),

52
6c,,. S

where I assumed a unit CKM matrix in the second equality. The quan-
tities A; are given by

2

1 S
(s _
ATG) = 8sin! Oy |58 — M3, |’
ANS) = [Ai(3)] + |Air(3))?, (12)

where, for A = L, R,

N 2(;x cot 20y, < § >
Ain(5) = @it sin 20y ’

Gr = Tsi— Q;sin® Oy,
Gr = —Qisin®Oy . (13)
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Here, Q; and T3; = £1/2 are the electric charge and left-handed weak isospin
of fermion f;. Also, M¥, , = M}, , —ivV/5Tw,z(5), where I'yy, z(8) is the weak
boson’s energy-dependent width. [i.

3 wr Decay Rates

We assume that the 3-body decays of wr to technipions, including longitudi-
nal weak bosons, are kinematically forbidden. This leaves 2-body decays to
technipions, Gmr and f; f;.
The rates for the isospin-violating decays wy — wing = W/ W, , Wir3F,
ni 7y are given by
. |€pw|2apTCiB pi&B

D(wr = mimp) = leal Tpr = mimp) = == . 19

where €, is the isospin-violating pp-wp mixing amplitude. In QCD, |e,,| ~
5%, so we expect this decay mode to be negligible if this is chosen to be the
nominal value of this parameter.

The wyr — Gmp decay rates involving a transversely polarized electroweak
boson G = v, Z, W have the same form as Eq. (§):
aV? P L QA2 G D (BME + 2p?)

wrGr

15
SN2 602 o (19

F(WT — Gﬂ'T) =

The wr decay rates to fermions with Ny colors are given by

Ny a?p

D(wr — fifi) = ((8 =m3) BY(3) + 6m} Re(Bir(3)Bi(5))) , (16)

3o, 5
where

BY(s) =|Bi(3)]" + [Bir(3)[*,

4@)\ SiIl2 GW < 3
sin? 20y, \§ — M?%

Bin(3) = [Qz’ - ﬂ (Qu +Q@p). (17)

“Note, for example, that I'z(3) includes a tt contribution when § > 4m?.



4 Cross Sections for ¢;q; = pr,wr — X

The subprocess cross sections presented below assume that initial-state quarks
are massless. All cross sections are averaged over the spins and colors of these
quarks. These cross sections require the propagator matrices in the neutral
and charged spin-one channels, Ay and Ay. The v—Z%p%—wr propagator
matrix is the inverse of

s 0 =S fypr =8 frwr

0 s—=M%  —=$fzpr  —Sfzuwr
—Sfvpr  —Sfzpp S — MioT 0
—$fowr =S Zwr 0 s — M2,
Hereu f’ypT = 57 f’wa = g(QU_'_QD)v prT = é- cot 29W7 and waT = _é- (QU+

Qp) tan by, where € = \/a/a,,. The W*—pF matrix is the inverse of

-1 _ S_Mlz/V _SprT
AT (s) = < —5fWpp S_Mii ) ;

where fy,, = £/(2sinfy ).
The rates for production of any technipion pair, mqamg = W Wy, Wrnr,
and mr7p, in the isovector (pr) channel are:

AGl(s) = (18)

(19)

do(qigi — pT — TATE) _
dt B
raa,, Cip(48p? — (t —1)?)
1282

(172 GF +17RGR).  @0)

and

do(wid; — pr — 7in%)  7waa,,Ciz(45p* — (t — @)?) .
dtT = - 3581112 O 82 [Bwpe () (21)

where p = [(§— (M4 + Mp)?)(8— (M4 — MB)Q)]%/%/E is the s-dependendent
momentum of 74 5. As usual, t = M% — V5(E4 — pcosf), 4 = M3 —
V5(E4 4 pcosf), where 6 is the c.m. production angle of m4. The factor
45p* — (t — )% = 48p*sin?6. The quantities F)5* for A = L, R in Eq. (BQ)
are given in terms of elements of Ay by

2Gin
sin 20y,

Fis (8) = Qi Ay (8) + Azvy(8)- (22)



Because the pr-wr mixing parameter €,, is expected to be very small, the
rates for ¢;q; — wr — ﬂjﬂg are ignored here.
The cross section for Gmr production in the neutral channel is given by

do(¢:q; — p%, wr — Grr)

dt B
o i 2 4+ 4% — 2MEM?
Te{ oo v o) (et
2+ 4% — 2ME M2+ 45M2
M3 ’

(23)

(19477 @) + a6

where, for X =V, A and A = L, R,
gXGWT = Z XVTGT(T‘FZKT : (24>
Vp=p§.wr

The factor £ + 4% — 2MZM? = 25p*(1 + cos?). The Grp cross section in
the charged channel is given by (in the approximation of a unit CKM matrix)

dé(uid; — pf — Grp) T’ )
dfT = 48 sin2 QW B |A Wor (8)‘2 (25)
V2 A2
G7TT (A‘Z 2 ) pTGT‘-T (A‘Z 2 )
X t — 2MZM? t — 2MZM? . T 48 M2 :
{ M2 G MA G G

The cross section for ¢;q; — f;f; (with m,, = 0 and allowing my, # 0 for
tt production) is
A6 (@3 = v, Z = fify) Nyma? (/. 2 12 2 4 2 2
di BT {((“ = m ) mi8) (1Purel® + [Pyral’)

+ ((f—mfcj)2+m§j§) (|D,’jLR|2+|DinL|2)}a (26)

where

. . 4
Dijpn(8) = QiQ; A4, (3) + 720
2 . .
oo (682 (5) + QoA 2(3) )
Finally, the rate for the subprocess u;d; — f; fj’ is

do(ud; — W+ — f]f’) Nfﬂ'a
dt ~ 12sin’ Gy 82

Gix Qv Azz(3) (27)

(@ —m3)(@—m}) [Aww(3)]*. (28)



‘ Parameter ‘ Default Value ‘

NTC 4
sin y 1
sin ¥’ i
3
Qu 2
Qp=Qu—1 5
Cy 1
C. 1
C. 1
Ci mb/mt
Crr 2
|€ oo 0.05
Fr=F,siny 82 GeV
MP% 210 GeV
Mo 210 GeV
M, 210 GeV
MW% 110 GeV
MW% 110 GeV
My 110 GeV
My, 200 GeV
My 200 GeV

Table 2: Default values for parameters in the Technicolor Straw Man Model.

5 Default Values for Parameters

The suggested default values of the parameters used in this note are listed
in Table 2.
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