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1. Introduction of littlest Higgs model with
T-parity(LHT)
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Symmetry breaking pattern

» SU(5)/SO(5) global symmetry breaking
> local symmetry group breaking
[SU(2) x U(1)]1 x [SU(2) x U(1)]2
= SU(2)r x U(1)y (identified as SM gauge group)

Gauge generators:

s/2 0 0
Qf = 0 0 O , Y1 = diag(3,3,-2,-2,—-2)/10,
0 0 O2xe2
O2x2 O 0
Q= 0o o o Yo = diag(2,2,2, -3, —3)/10.
0 0 —09/2
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Gauge and Higgs sectors

2
]' 174 ]' v f2
£G+S = Z |:—§T7’ (ijuwf ) - ZletuBf :|+§T'I' {(D#E)T (DHE)]
j=1
where the covariant derivative of X is
2
DY =0%—iY [g; (Wju2 + SW,) + ¢} Bju(Y;5 + BY)]
j=1
Scalar fields: Y = /el /f = 21/ fy,
H
loxo . V2 ;T
o =(¥) = 1 = V2 V2
loxo ot H
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T-parity transformation

Wi, — W3, By, < By,

II — —QIIQ, where Q=diag(1,1,—-1,1,1)

T-party invariance: g1 = g2 = V29, 9] = g = V24

a a B B

T-even : W = % and By = %
@ _ W B, - B

T-odd : WI(LLI = % and BH = %
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Mass eigenstates

1 2 .
+ WpFiWp Arp \ _ cosOw  sinfOw Br,
Wi = NG ’( Zr, )_( —sinfw  cosOw w3 > (T-even)

1 . 2 )
= _ M An _ cosOn sin 0y By
i ' < Zu > N < —sinfy cosOy ) ( WI?’I > 7(T-Odd)

y . 599’ 2
mixing angle : S =sinfy ~ 99 Y

12— ) I°

T-even mass eigenstates: SM photon, W and Z bosons
T-odd mass eigenstants: heavy gauge bosons

1 5 2 1 02

MAy, \/gg/f (1 - §F> yMzy = mwy, ~ gf(1— §F)'
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Fermion sector

Lp=—kf (@25 n @120959) Uyp + he.

where
Y1 0 VHR
Ui=|( 0 |, Yo=| 0 |,Ygr=| x#r
0 o VYHR

T-parity transformation:

Uy — —XgV2, Wy — =¥y, VYyr — —V¥pyr

Guo Lei, Department of Modern Physics, USTC Precise calculation for heavy gauge boson production in the LHT model 8/40



Fermion sector

T-even left-handed SU(2) doublet:
bsn = (11 — 1) /V2
T-odd SU(2) doublets:

Yp = (1 +¥2)/v2 (left-handed)  vpg (right-handed)

After EWSB:

m N\/i/@f(l—lvj) mg_ = V2kf
U — 8f2 ) d— —
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Top sector

In order to avoid quadratic divergences of the Higgs mass, Yukawa
intraction of the top quark must be modified.

A ~ -
£ = SHaenl@0)inB — (@) S Slun

+Xof (Ur,Ug, + UroUg2) + h.c.

where, 3 = $,Q2T0%,

(2] 0
Q=1 Un and Q2= Up,
0 P2

left handed SU(2) singlets: Uz, and Ups
right handed SU(2) singlets: Ugr; and Ups
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Top sector

T-parity transformation: Up; «— —Upe,

T-parity eigenstates:

URl — _URQ

U U
and UR:I: = —Rl i R

U U
Ups = L1+ UL,
V2
tr, _ cos 0, —sin 0f,
(T B sin 8  cos 0r,
tr _ cos Or  —sin Or
(TY)r B sin @r  cos Or

Ao f

FYM + A3

A1 X205
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Particles list

S=0 5S=1/2 S=1 j S=0 5=1/2 S=1

LS ®
©®O2
000

nr=+11 nr=-1
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2. Wy /Zg + q_ production
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LO partonic processes

g(p1) + q(p Vi (p3) + ¢~ (pa), Ve = Wi, Zn),

2) =
(¢ =u,d,c,s,1,d,¢5), (¢"=u_,d_,c_,s_,u_,d_,c_,5_).

(1) (2)

The LO Feynman diagrams for the partonic process gu — W; d_.
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NLO QCD corrections

1. The QCD one-loop virtual corrections to the partonic
processes gq — Wi (Zm)q".

2. The contributions of the real gluon emission partonic
processes gq — Wy (Zy)qd- +g.

3. The contributions of the real light-quark emission partonic
processes gg — Wy (Zuy)qd" + 4, ¢"7" = Wu(Zn)¢" + q and
qq" — WH(ZH)(]/_ +4q".

4. The corresponding contributions of the PDF counterterms.

where the g_ will be resonant in light-quark emission processes.

The widths should be added to the propagators, we got the total
widths:

Br(q— — Wgq')+Br(q- — Zgq)+Br(q- — Apq) ~ 100%
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(13) g (16)

The Feynman diagrams for the real light-quark emission partonic processes via intermediate on-shell T-odd quarks.
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Three schemes for NLO corrections

1. Include all NLO QCD corrections
2. Exclude the real light-quark emission contributions
3. PROSPINO scheme

IM?(svyq) M2 (svyq)
(SVHq—ﬂng_)2+4ng_I%_ (sVHq—ﬂng_)2+4ng_Fg_
IMP(m2_) o,
~ v T T O(s —4m; )O(my_ —myy,)

> keep the convergence of the perturbation theory

» aviod the double counting
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PDF counterterms

lu uwark _ 7 _ _
0G gy p(x, 1) = SGUNTE (@, ) +OG ST (@, 1), (g = w0, d,d, ¢,E, 5, 5)

=

l as I'(1—e 4rp? T
5sz?91;?g)($7/‘f) =< [ﬂ F((1—2e)) ( ug > ] fz d?Z aa(99)(2)Ga(g) /P ()2, pif)

[

k — 4 p? € 1 ds
G o) = 3885 (552) | 12 £Pule)Gy (o)

uark
5G;q/P )(.'L‘, :U’f) =

=

s (- 4m % ‘ d,d,c,e,s,5 [l dz
|:37 F((172€e)) ( Hg; ) :|Zq:uc,ﬁcssfz %PQQ(Z)GQ/P("E/ZnU’f)
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Virtual corretions (CT)

)
Mcer = ( ggs + (SZg + (5Zq + 5Z )ML0+5mq/_Mt

i

N i
(’{q', —mgr ) (’{QL Myl 2

_ s ()
5z = 824 = —% [AUV - AIR]7
2
sZER = 6Zq_:—M [AUV+2AIR+4+3ln< Hr >]
3T mg
5 2
7mq_ = —LS(IJ‘T) {3 |:AUV +1n < ll'r ) +4}
mg_ 3T mq7
dgs as(pr) |3 1
- = ————|=A — 4+ - In
Js A 2 UV+3 l" + Z Z ’
T
as(pr) |3 5 1 2 1 — 2
6Zg = - () “Apv +ZAr+ - In (%) + = In 'ug
2 2 6 3 my 3 = mi
1 12
o 1 T ) - = *7d*7 — *7t*7b* )
+3 qX_: nm37 (g u c—,s )
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Masses of Wy, Zi and ¢_

K f MWy =Mzy | Mu_ = Me mg_ = ms_
(GeV) (GeV) (GeV) (GeV)
500 3221 685.7 707.1
700 457.8 974.7 989.9
1 900 592.3 1260.9 1272.8
1000 659.3 1403.5 1414.2
1100 726.1 1545.9 1555.6
1300 859.7 1830.3 1838.5
500 3221 2057.1 2121.3
3 700 457.8 2924.0 2969.9
900 592.3 3782.7 3818.4
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Numerical results
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The cross sections and the corresponding K-factors for the pp — Wirq_ + X process as the functions of the

LHT parameter f at the LHC
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Numerical results
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The cross sections and the corresponding K-factors for the pp — Zq_ + X process as the functions of the

LHT parameter f at the LHC
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Distributions

dofdp, ,(fb/GeV)
doldp, (fb/GeV)
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The LO and QCD NLO corrected pp distributions of final particles for the pp — Wprrg_ + X process at the

LHC by taking f =1 TeV, x =1 and /s = 14 TeV.

Guo Lei, Department of Modern Physics, USTC Precise calculation for heavy gauge boson production in the LHT model 23/40



Distributions

doldp, (fb/GeV)
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The LO and QCD NLO corrected pp distributions of final particles for the pp — Zpq_ + X process at the

LHC by taking f =1 TeV, x =1 and /s = 14 TeV.
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Distributions

dofdly,,I(fb)
do/dly,|(fb)

The LO and QCD NLO corrected rapidity distributions of final particles for the pp — Wpgrq_ + X process at the

LHC by taking f =1 TeV, x =1 and /s = 14 TeV.
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Distributions

€ e
= =
2 T
% g
3 3
X 2 b4
o
3 4

The LO and QCD NLO corrected rapidity distributions of final particles for the pp — Zpq_ + X process at the

LHC by taking f =1 TeV, x =1 and /s = 14 TeV.
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3. Wy pair production
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LO partonic processes

q(p1) + @(p2) = Wi(ps) + Wg(ps), (q=u,d,c,s,b).

(1) (2) (3)

The LO Feynman diagrams for the partonic process ua — W;; Wy
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NLO QCD corrections

1. The QCD one-loop virtual corrections to the partonic
processes qq — WI}F Wy

2. The contribution of the real gluon emission partonic process
qq — WEW}} +g.

3. The contribution of the real light-(anti)quark emission
partonic process ¢(q)g — WhWy + q(q).

4. The corresponding collinear counterterms of the PDFs.

Addtional:
5. The gluon-gluon fusion partonic process gg — WI}“W}} :
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The tree-level Feynman diagrams for real light-quark emission partonic process gg — W;; Wy +a

(¢=mu,d, e, s,b).
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The representative lowest order Feynman diagrams for the partonic process gg — W; WI; , where

U_=u_,c_,t_,q,q =u,d,c,s,b,tandq_,q_ =u_,d_,c_,s_,b_,t_.
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Numerical results
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The LO, QCD NLO corrected integrated cross sections and the corresponding K-factors for the
pp — W; W + X process as the functions of the global symmetry breaking scale f at the LHC with k = 1

— V2

and sq = cq = 5
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Distributions
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The LO, QCD NLO corrected pqu"' distributions and the corresponding K -factors of final W boson for the

pp — WEW]; + X process at the LHC by taking f = 800 GeV, k =1 and so = cq = g
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Distributions
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Distributions
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The LO, QCD NLO distributions of cos LP(E+”'7), where go(e+“7) is the azimuthal angle between leptons et

and ., and the corresponding K-factors of the pp — W;; Wy — e+,u,_ A Agve,, process at the LHC

by taking f = 800 GeV, k = 1l and so = cq = @
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Distributions
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The LO, QCD NLO distributions of invariant mass of final positron and ™, M(EJru,), and the corresponding

K -factors for the pp — W;; Wg — e+y,_AHAH ve Dy, process at the LHC by taking f = 800 GeV,

k=1and sq =cq =

V2
5

L
600 800 [ 200 400 600

Guo Lei, Department of Modern Physics, USTC

Precise calculation for heavy gauge boson production in the LHT model

36/40



Distributions
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Distributions
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The compare between The LO, QCD NLO corrected distributions and SM background. All curves are normalized

by their total cross sections.
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Summary

» Heavy gauge boson production in the LHT model can be
detected in LHC.

» QCD correction can not be neglected.

» The distributions of final state particles in LHT model are
different with the SM background.
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Thanks!
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