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@ SM with Heavy fourth generation chiral fermion gives large yukawa
coupling and hence nonperturbative.

@ Perturbative SM with a 4th generation chiral fermions is
excluded(EWPOs).

@ Existance of elementary fermions are allowed if they are vector like
with respect to SM gauge group. i.e Isosinglet quarks.



Existing searches for a vector-like quark of charge -1/3 assume
that it decays into (W t, Z b, hb).

Mixing of a vectorlike quark with SM quarks can be negligibly
small and it may have dominant decay modes other than the
normal searched ones.

Such a scenario is possible in a TeV scale U(1)’ from a non
SUSY version of Eg model.

TeV scale U(1)' from :
Es — SO(10) x U(1)y — SU(5) x U(1)y x U(1)y .

The unbroken U(1)"
Q =cosf Qy +sinh Qp, tanbh = /5/3.

3/18



Divide U(1)" charges by 41/15

SO(10) [ SU(5) Fields SU(3)c x SU(2); x U@)y xU(LY
Qi (3,2,1/6,1)
10 us (3,1,-2/3,1)
16 E° (1,1,1,1)
5 Df (3,1,1/3,7)
L 1,2, —1/2,7)
T NT/T (1,1,0, —5)
5 XD; (3,1, -1/3, -2)
10 XL[T, Ha T,2,1/2, —2)
5 XDE (3,1,1/3, -8)
XLj, Hy (1,2, -1/2, -8)
T T XN;, S (1,1,0,10)

—Lyukawa O y,-?Q,-DjCHd + yJ-DD’CXDJT + y,fDXD,CXDJS
+y XL T + ygtXLEXL;S + H.C.
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ﬁy

Y 0
< Hy >= <\@>,<Hu>:<vu>,<T>: v
0 V2

<S>:%.

e CP even Higgs : hy, hy € (Hy, Hy) and sp, tp, € (S, T).

® —Lvukawa O ¥ QiDfHy + y;]PDfXD; T + yP XDf XD; S

Mass matrix in the (g1, xq1) basis :
1 (yfvg O
V2 Y1T1DVt Y151DVs
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e For
(Myg, = 640GeV, vs = 1.5TeV, v; = 10 TeV, 4} ~ 1079)

= sinfg ~ 1072, sinf; ~ 1010,

e For (gx =05,vs =1TeV, vy =20 TeV, 0 < 5—5 < 200)

= 0,_, <107* and M, =3.2 TeV.

@ Possible decay modes:

e For xd : s;d, td, ap, d,ah2 d.,dZ/, hd,dZ, uW—.
oFors,:vy,gggihx@,Xbb,Ex@,Eb
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Production and Decay

@ The Channel

o Considered the scenario where :
one sy decays to vy
another decays to g g
Final State : 2+ + 4§
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@ Benchmark 1 : M,y = 640 GeV, M,, = 600 GeV.
final state : 2y + 2j with Pr(j) > 40 GeV.

o(pp — xdixd;) = 0.339 pb.

@ Benchmark 2 : M,y = 850 GeV, M, = 600 GeV.
final state : 2y 4 4.
o(pp — xdixd;) = 0.056 pb.

@ For both the benchmarks : My, = 500 GeV,
dez = de3 =15 TeV.
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Benchmark 1

Benchmark 2

PT(’YQ) 2 100 GeV
M. > 800 GeV

Masses M,q4, = 640 GeV M,q4, = 850 GeV

M, = 600 GeV M,, = 600 GeV

Selection 27+, > 2j, 0 leptons | 27, > 4j, 0 leptons
PT(jl) > 150 GeV

Pr(j2) > 100 GeV | Pr(j2) > 100 GeV

Cuts pr(71) > 200 GeV | pr(71) > 200 GeV

PT(’)Q) 2 100 GeV
M.# > 1000 GeV

with 100 fb~! L

Crosssection os=21b os = 0.35 fb
og =13.5fb og=3"fb
Significance 50 20




@ Reconstruction of s, from the two leading photons.
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@ Reconstruction of xd; from three leading jets.
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@ Reconstruction of xd; from the two leading photons and

: 1N dN
Jets.(N%W > m=1 m) (Benchmark 2)
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@ Possibility of non-standard decay modes of a TeV scale
vector-like quark exists in a Eg inspired U(1) extension of SM,
where it can decay dominantly to a SM light jet and a SM
singlet scalar.

@ The SM singlet scalar can decay to two photons and the

existence of such a scenario can be tested at LHC by
analyzing the 2v+ > 4/ final state.
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° _(LYukawa)neutrino = }/ij'VLiNfHu + Y§<NdXL;:XNJ'Hd
+y N XLXNHy + yTEXLEL T
+yFEXLEXL;S + yN SNENE
+ yXVNT XN;NE 4+ H.C

e v.cl = (f), xs1 € XL = <)>(<711>

[}
xs¢ € XL§ = ()’ilf) NS and XN;.

- . 0 %
o Mass matrix in (ve, Nf) basis : | n . sy%2
iz Yir 5

° ylslN\Vé =1TeV, v, =2vyq, m ~ 0.01 eV we have to take

y 2~ 107° which gives 6 ~ 10~7 and mp ~ 1TeV.
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Thank You.
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Back up Slides
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o(pp-xdiXdq)(pb)
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a(pp — sn) (pb)
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B(t'> 3))
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Generation level cuts for Background

@ Benchmark 1: pp — 27 + 2j
Pr(j) > 20 GeV, |n(j)| < 2.5,
Pr(y) > 100 GeV, |n(vy)| < 2.5,
AR(j,j), AR(vy,7) and AR(~,j) > 0.4.
o(pp — 27+ 2j)131ev = 0.234 pb.

@ Benchmark 2 : pp — 2y + 4j
Pr(j1) and P7(j2) > 80 GeV,
P1(j3) and P1(ja) > 40 GeV, |n(j)| < 2.5,
P7(v) > 100 GeV, |n(v)| < 2.5,
AR(j,j), AR(~,v) and AR(y,j) > 0.4.
o(pp — 27 + 4j)137ev = 0.0121 pb.
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50(10) SU(5) 2V/10Q, | 2v6Qy | 4V/15Q
16 10 (Q;, Uf, EF) -1 1 1
5 (Df, L;) 3 1 7
1 (NS/T) -5 1 -5
10 5 (XD;, XLS /H,) 2 -2 -2
5 (XDf, XL;/Hy) -2 -2 -8
1 1 (XN;/S) 0 4 10

Decomposition of the Eg fundamental 27 representation under
50(10), SU(5), and the U(1),, U(1), and U(1)’ charges.
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@ Particles and their charges under the
SU3)c x SU(2)L x U(1)y x U(1) gauge symmetry.

Q (3,2,1/6,1) Us (3.1,-2/3,1) | Df (3,1,1/3,7)

L (1,2,-1/2.7) E€ (1,1,1,1) NE/T | (1,1,0,—5)

XD; (3.1,-1/3,-2) | XI¢, H, | (1,2,1/2,-2) | XD | (3,1,1/3,-8)
XL;, Hy | (1,2,-1/2,-8) | XN;, S | (1,1,0,10)

The U(1)’ charges are the U(1)’ charges in the Table divided

by 44/15.

o We consider the particles as simple exotics having anomaly-free U(1)’

charges.
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@ The Higgs potential essential for the extra U(1) symmetry
breaking is

V = — 2 HiHy — 13 HiHa + M (HiHW)? + A2 (HiHg)?
+ A3 (M} Hy) (H)Ha) + Aa[ean(Hu)a(Ha) sl [emn(H)m(H:)n]
— m3[S]2 = m2| T+ As|S[* + A7| TI* + Ast|SP| T2
+ (aST? + H.C) + s HH,y|S? + X6 H} HalS|?
+ A7 HiH| T + X HyHy| TP
+ (M [ean(Hu)a(Ha)s]S + H.C.)
+ (plea(Hu)a(Ha)p] T"T* + H.C.) .

@ The Yukawa sector is represented by
—L = y{QUiHy+yf QiDf Ha + yf LiEf Hy + yj LiNf Hy
+yNXLEXN; Hy + yiNXLiXN;H, + y]P DEXD; T
+y EXLEL T + ypPXDEXD;S + vt XLEXL; S
+yiVSNFNE + v, XMN TXNE NS 4+ H.C.
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@ All possible decay modes for VLQ :
xd — spd, thd, and, hd, dZ,dZ', uW~.

@ t;, apand Z' are taken to be heavier than xd.

@ The mixing matrices which transform the the gauge eigen
states(d?, xd?) to mass eigen states(d, xdy) are given by

sinf; cos0;

- (cos@; —sin H,-) ‘where i = LR,

@ The mixings of the vectorlike quarks with the SM quark have
been taken to be very small. This will ensure the decay modes
xd - dZ, uW~, hd are suppressed.

@ The Z — Z' mixing has also been taken to small, thus forbidding
the decay to d Z through this.
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@ All of the higgs bosons except h from the (H,, Hy) sector are
kept heavier than xd.

@ Hence xd mostly decays to s, and to a SM quark(through the
term y,/PDfXD; T).

@ The existing bounds on VLQ mass around 800 GeV is significantly
relaxed.

@ Example: for the parameter set
(Myg, = 640 GeV, M, = 600GeV, vs = 1.5TeV, sinf =
0.5, sinflg ~ 1074, sinf;, ~ 10710, y[P ~ 1075) we get
Br(xd — d'sp) ~ 1 and a width for xd to be ~ 10710 GeV. sin @ is
the mixing in the CP even sector of (S, T) scalars.
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o Possible decay modes for s,
sh = li i, xli xt;, xCi l;, i xt;, v, g g

@ Mixing between vectorlike leptons and SM leptons are taken to
zero, and M.y, > ms, /2 condition is ensured.

@ sy, can either decay to two gluons or to two photons through the
spgg and spyy effective coupling.
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@ We have events with 2y + 4, 4y + 2/ and 6/ final states.
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@ We have tried to see the effect of only one VLQ on the 2y + 4j
final state. That VLQ is xd;.

@ Two benchmark scenarios, M,q, = 640 GeV and M,y = 850 GeV.
The other two VLQs are at 1.5 TeV.

10t

8 Tev
13TeV - -

= =
.
5 2 o
% 3 >

L L !

o(pp-xd;Xds)(pb)

-

e
W
L

=
<
IS

I I I I I
600 800 1000 1200 1400
Myd,(GeV)

@ The crosssection for a 1.5 TeV VLQ is two orders of magnitude
less compared to that of a 850 GeV VLQ.
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@ Object Identification :

InG) () In(D] < 2.5
Pr(j), Pr(y) > 40 GeV and P7(/) > 10 GeV.

@ Event selection :
Benchmark 1:
N(l) =0, N(j) > 2 and Pr(j>) > 100 GeV,
N(’y) > 2, PT(’)/Q) > 100 GeV.
pr(71) > 200 GeV, pr(j1) > 150 GeV,
Meff Z 800 GeV.

Benchmark 2:
N(1) =0, N(j) > 4 and Pr(j») > 100 GeV,

N(v) > 2, Pr(y2) > 100 GeV.
pT(’yl) > 200 GeV, Mg > 1000 GeV.
@ With these cuts the crosssection for both the benchmarks
Benchmark 1 : 05 =2 fb and og = 13.5 fb.
Benchmark 2 : 05 =0.35 fb and og = 3 fb.

@ With 100 fb~! of integrated luminosity the Signal to background ratio
for benchmark 1 is 50 and for benchmark 2, it is 20.
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