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Type |l seesaw Decay properties Cascade enhance Signatures at LHC

Type Il seesaw introduces a SU(2), triplet A with hypercharge
2 in addition to SM Higgs doublet ¢

=(3) a=("5 La) o

The Yukawa coupling between the scalar triplet and lepton
doublets is responsible for neutrino masses:

Lv = —YiLS (irz) ALy + he, @)
The most general potential is given by (1105.1925)
V(®,A) = —m?oid + MPTr(ATA) + M (¢T0)?
+ oA (Tr(ATA))2 + ASTH(ATAY? 4+ A4 (0T0)Tr(ATA)

+ asofante + (,udDTiTZAT(D n h.c.) , 3)
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Type Il seesaw

After SSB, we can separate out the vev’s,

P o). = Sa i @)

the scalars mix as follows:

+ + 0
(5 )=roa (&) (£)=ro( £)- (1)-me( )
Here R(w) is the standard rotation matrix in the plane, and the
mixing angles are given by

va  2v3(Ag 4 As) — AMZ
Vv 2V2)\1 — Mg — Vg()\z + )\3)

2v
tanéy = V2 A

2v
,tana = —A,tanzeo =
\Y
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Type |l seesaw Decay properties Cascade enhance Signatures at LHC

In the limit vo < v, scalars have the masses approximately

1 1
M2, ~ M3z — EAg,vz , M2, ~ M3 — Z)\5V2, (5)
M2, =~ M5 ~ MZ . MZ =~ 2\v? (6)

The triplet scalars are equidistant in masses squared to good
approximation:

1
Miiss = Mije = Miis = Mo 0 = =7 2sv?, (7)

Define the mass splitting as AM = My+ — Mo, and EWPT
require |AM| < 40 GeV (1209.1303). Two scenarios for
nondegenerate case:

positive scenario (As > 0) : My=+ < Mpy+ < Myo /p0,
negative scenario (A\s < 0) : My«+ > My= > Myjo/po. (8)
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Decay properties
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Decay properties
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at benchmark point:

va = 0.001 GeV, AM =5GeV, A, = A3 = 0.1, A4 = 0.25. (9)
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Cascade enhance
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Production cross sections for a pair of scalars at LHC14 versus
Ma for a degenerate spectrum. The black dashed line is for the

SM hh production.
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Type Il seesaw Decay properties Cascade enhance Signatures at LHC

Reference cross section,independent on the cascade decay
parameters:
Xo = o(pp — Z* — HOA?) (10)

H*40 is the first mechanism with cascade decays, which
involves four process:

HEHO — HOHOW* | HFH? — APHOW*

HEA® — HOA'W* | HFA? — APAOW* (11)
Three kinds of final state with neutral Higgs-pair: HOH?, A°H?,

and A°A°% where H°H® and A®A° pair production can only raise
from cascade decays of H* in the negative scenario.
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Cascade enhance

Using the fact that

o(pp = W* = HFHO) ~ o(pp — W* = HEA?) (12
BR(H* — H'W*) ~ BR(H* — AW*) (13)

we can calculate the production cross section of these three
final states:

HOA®: X; = 2[o(pp — H*HO?)] x BR(H* — A°W*) (14)
HOH®:Y; = [o(pp — H¥HO)] x BR(H* — H°W™) (15)
AOAC 7, = [o(pp — HEA?)] x BR(HE — A°W*) (16)

A more general relation:

Xi =2Y; =27, (i =1,2,3,4) (17)
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Cascade enhance

The second mechanismis HTH™.

Xo = 20(pp — H*H™) x BR(HT — HOW*)BR(H* — A°W™)
(18)
The third mechanism is HEHTT,
Xz = 2[o(pp — HEHFF)] x BRHTE — HEW™)  (19)
BR(H* — HOW*)BR(H* — A°W™)
The forth mechanismis HT*H~=—.
X4 = 20(pp = HTTH ") x BR(H™ — HfW*)?
xBR(HT — HOW*)BR(HT — A’w*) (20)
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Cascade enhance
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o(HOAO) = X = 3" X;,i =0..4; o(HHO) =Y =3 V;,i = 1..4;
o(A’A%) =7 =37 i =1..4.
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Cascade enhance

Signal rate

For instance, the cross section of bby~ is

So(bbyy) = Xg x [BR(H® — bb)BR(A? — v7)  (21)
+BR(H® — 77)BR(A? — bb)]
S(bbyy) = X x [BR(H? — bb)BR(A? — ~~)
+BR(H® — v7)BR(A® — bb)]
+ 2Yx BR(H? = bb)BR(H® — v7)  (22)
+ 2Zx BR(A® — bb)BR(A® — y7)
So corresponds to degenerate scenario, and S corresponds to

negative scenario. The cascade enhance factor E;, is therefor
S/So.
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Cascade enhance

bbyy No Cuts

bbr*r~ No Cuts

bb I*1-2 No Cuts

0.001

LHC phenomenology

130 140 150 160 170 180 190 200

Ma(Gev)

0.01
130 140 150 160 170 180 190 200 130 140 150

Ma(Gev)

egenerate case

160 170 180 190
Ma(GeV)

200



Signatures at LHC

The signature is:
pp — ©Y® + X — bbyy 4+ X (23)

where ¢ = H% A%, The main SM backgrounds we taking into
account are:

bk_)’y’y pp — bt_)’yfy (24)
tth:pp — tth — blfv bl~v yy(¢* missed)  (25)
Zh:pp — Zh— bbyy (26)

Fake bb~~ signals:
pp — bbjj — bbyv, pp — bbjy — bby~, ... (27)

ep =0.7,6cp = 0-1:5j—>b = 0.01, Ejoy = 1.2 x 1074,
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Signatures at LHC
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Signatures at LHC

Basic cuts:

p2 > 30 GeV, p] > 30 GeV, |ny/,| < 2.4 (28)
ARy > 0.4, AR, > 0.4, ARy, > 0.4

Reproduce the neutral Higgs boson from b and ~:

ARpp <25, |Mpp —Mal| < 15 GeV (29)
AR, <25,  |[M,, —Ma| < 10 GeV

Additional cuts:

Myopo > 2Ma + 90 GeV, Er > 2Ma —60GeV  (30)
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Type Il seesaw

Decay properties

Cascade enhance

Signatures at LHC

HP°A®(130GeV) bbyy tth Zh S(S,B)
8.01x 1071 5.92 x 10° 1.18 299x 1071 | 575 x 1071
6.99 x 1072 7.07 150x 1072 | 9.61 x 10~* 1.44
528x 1072 | 1.03x 107! | 1.08 x 1072 | 7.32 x 10~* 8.01
421%x1072 | 2.04x 1072 | 469x 1072 | 3.23x 10~* | 1.20 x 10!
331x1072 | 658x107% | 468x107° | 2.27 x 10~* | 1.28 x 10!
151 x 1071 — — — 4.10 x 10t

HP°A®(160GeV) bbyy tth Zh S(S,B)
5.10 x 102 5.92 x 10° 1.18 299 x 107! | 3.63x 1072
4.11 x 1073 5.06 1.34x 1072 | 2.36 x 107* | 9.99 x 1072
327x107% | 342x1072 | 1.57 x107° 0.00 9.53x 107!
257x107° | 1.12x1072 | 1.18 x 10~° 0.00 1.28
1.73x107% | 395x107° | 1.03x 107° 0.00 1.41
1.10 x 102 — — - 7.29

Table: Cross sections (in fb) at LHC 14 TeV for the bby~ with Liy; = 3000fb™2.
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Signatures at LHC
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Figure: The solid line corresponds to the signal from Sy alone, and
the dashed line corresponds to the total signal S.
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Signatures at LHC

Conclusion

» Scalar interaction )\ has great impact on the decays of
HO/A% HO — W+W ~ can be dominant when Mo < 2Mj,.

- Cascade decays of H** and H* contribute to the
production of ¢°. The enhance factor can reach about 3.

» Production of x%° for M_o < 200 GeV is much larger than
hh.

« Signatures as bby~, bbrt7—, bbw W ~ are in the reach
of LHC.
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