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Neutrino Mass: 1% Evidence Beyond SM
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Theoretical Models

e Type | seesaw yplv°H, + Mgrve, AL =2
Mg ~ 101415GeV, m, ~ M2 /Mg =~ leV

Yanagida 79; Gell-Man et al. 79; Glashow 80; Mohapatra,Senjanovic 80
o Type Il seesaw y, LT iooAl, AL =2

Ma ~ 101415GeV, m, = y, v/ ~ 1070GeV

Cheng,Li 80; Mohapatra,Senjanovic 80; Shafi et al. 81

@ Zee-Babu model, generates neutrino mass at two-loop AL =2

o Type Il seesaw, etc.......




Type |l seesaw

Y =2 SU(2), Triplet

(47 E7)

Breaking U(1); and U(1)p_1,

L=—y ] CiooAl + pHTioco ATH + h.c. + ...

Va = H—ng M, ~ \/EVA.VV
VaMZ




Bounds on Triplet Higgs

Masses

@ LNV Direct Test Ov33:
Vs <5 %1078 GeV™!, Ma > 0.1 GeV

A

e CDF/Dg@ Search bound: mpy++ > 120 GeV
VEV

@ p-para meter Gunion, et. al 90;Chen, Dawson 02
p=(mw/(mzcosOw))? va <1GeV
@ Lepton Flavor Violation Br(y — e~ etet) < 10712

1 TeV
V2 > 0.2 x 105 M M2| x ( Me
A

2
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H** Decay BR: y, vs va
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Distinguish Neutrino Spectrum in Triplet LNV Decay

Taking into account the experimental constraints on the neutrino
masses and mixing but no Majorana phases
Normal Hierarchy(NH): Am3; >0
Inverted Hierarchy(IH): Am3; <0
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FIG. 12: Br(H++ — e:'s!*) vs. the lowest neutrino mass for NH (left) and IH (right) when &, = 0and &, = 0.



Doubly Charged (continued)
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Impact of Majorana Phases in Triplet LNV Decay

The decay of H*

is only dependent of Majorana phase ®5 or &1,
in NH or IH case respectively.

\vvvvl\llwlvv[vxvaHlooﬂ

0.100

0.010




Impact of Majorana Phases (continued)
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Singly Charged

The decay of H* is independent of Majorana phases. J
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Leading Leptonic Channels

Channels Modes and BR's Modes and BR's
Normal Hierarchy Inverted Hierarchy
HT H=—
O, P =0 | prutp = (40%)2 etete e (50%)?
[ ;ﬁu T~ 4 0% x 35% | eteT =7~ 50% x 25%
ptutr—r (40%)32 ptrtp=r (25%)2
ptr T (35%)2
pT T 35% x 40%
O ~m7 same as above ee, ut — e, et (50%)?
by = W, T 2 X1/20 pr s X2 same as above
H:I::I:H:F
&1, 0, =0 | ptutp v 40% x 60% etete v (50%)2
uwrptrTr 40% x 60%
O~ same as above ee — e, et 60% x 50%
OPESE o s x1/2

same as above




LHC Phenomenology



Production of Triplet Higgses

Tree Level Cross-section of Triplet Higgses Production

g+q§ — H™ +H -
qg+§ — H¥ 4+ HT
q—i—E]’ — H:t+H2

T T T T
LHC Production of Triplet Scalars:
My™* =M =M"

a(fb)

200 400 600 800 1000
M, (GeV)



Search via Leptonic Decays

Small vev limit va < 107% GeV

pp — HEEHT — (505 0Fu 05057 Fy (U=e,p)

pp— HTYH™ — (et etete 0t
et ittt (L= e, p)

@ (e and T respectively

@ H» — invisible and always produced via H*H,, another
missing v from H*, impossible to reconstruct.




(et e

@ p7(lmax) > 30 GeV and p7(lmin) > 15 GeV
e [n(f)] <25
o ARy > 04 )

SM Background

o if there exists same flavor, opposite sign dilepton

ZZ |y* — et

e Veto events of |My+p— — Mz| > 15 GeV
After reconstruction, purely event counting




@ p7(lmax) > 30 GeV and p7(lmin) > 15 GeV

e |n(0)| <25

e ARy > 0.4

o Fr > 40 GeV )

SM Background

if there exists same flavor, opposite sign dilepton

WiZ/,Y* N g:l:ye-i-g— ~ 100 fb, W:I:W:I:W:F N £i£+£_+ET o1 fy)




(0*(Fv (continued)
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Cuts and Mass reconstruction

e Veto events of [My+y— — Mz| > 15 GeV

o My = \/(E_l; +Er)2 — (% + Br)? > 200 GeV
@ Mysyr




7 Final State

o 7 — uv 17.36%, 7 — evi 17.84%
e 7 — v 10.9%, 7 — h— 7% 37.0%
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Figure 9-31 Jet rejection as a function of the t effi-
ciency, as obtained over the region [n]| < 2.5 and in

various pyranges. Straight-line fits are superimposed. Atlas TDR



7 Leptonic decay:H* — 7%y — ¢+ + F1

e ¢ from H' Jaccobian Peak around My /2

@ / from 7, purely boost effect, much softer

p% selection (GeV) 50 75 100 100 150 200
£ misidentification rate || 2.9% | 9.4% | 17.6% || 4.6% | 12.4% | 22.2%
T survival probability 57.0% | 69.8% | 78.8% || 62.8% | 75.7% | 83.7%

T selection:
pT < 100 GeV for My+ = 300 GeV
pT < 200 GeV for My+ = 600 GeV
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Highly Boosted 7

@ each 7 corresponds to one unknown: pinvisible — .5t
e 2 indepent equations: ¥ pnvisible :ﬁT

@ 1 more equation: My + = M, - -
UPTO THREE 7s




Reconstruction Example: ppurr
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Measuring BR

Ng, = L x a(pp — HTTH ™) x BR2(H™" — ptpu™)

Nsur = Lxa(pp — HTTHT)xBR(H™ — p " )BR(HTH — pir™)
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Gauge Bosonic Channels

Large vev limit 107% GeV < va <1 GeV

o To test doublet-triplet mixing uH ™ AH

@ Both H™ and H, decay will tell this, but H, — H;H; has at
least 6 jets final state

o H¥EHT — WEW* 4 WTFH, /tb(tb)/WTZ — 4j20*F T

P - 0
I S - s st
T OLENPPHT TH TR 8
g
... nocuts =
A H
10 b - J s
3
2 0 9
10 F E o E
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300 GeV-jjjj

(adad 2

(fb) Basic| pf. cut 7. cut ¥ P M, rec. My rec. My M
cuts Cuts [> 50 GeV [> 100 GeV = 600 GeV [My = 15 GeV Jor M, veto |2 300 GeV 300 = 50 GeV

th 0.13 0.12 0.12 0.11 0.11 0.094* 0.094 0.092

WH 0.074| 0.069 0.065 0.061 0.06 0.046 0.045 0.045

wZz 0.06 0.056 0.053 0.05 0.05 0.038 0.038 0.038

HE=HT sum[0.26 | 025 0.24 0.22 0.22 0.18 0.18 0.17

HEEHTF 024 0.23 0.22 0.21 0.21 0.18 0.17 0.17

HW 3.1 25 1.8 1.4 L4 0.88* 0.52 0.095

(Mg rec.—) 0.15 0.097 0.045

(M- rec.—) 0.11 0.071 0.032

(My rec—) | 0.096 0.06 0.026




600 GeV-JJILHITET

a(fb) Basic pé. cut pi_ cut M, rec. M, rec. M,,;
cuts Cuts >80 GeV |> 200 GeV | My + 15 GeV | My + 15 GeV 600 & 75 GeV
WH 1.1x 1077 P5sx 10795 x 1074 | 9.4 x 1078 9.1 %1077 9.0 x 107
wz 1.0x 107710 x 1072|1.0x 1072 1.0x 1077 9.9 x 1077 9.8 x 107
H=2gFF |3ax1072|3.2 x 107231 x 1072 | 3.1x 1072 31x107? 3.1 % 1077
JIWEWE| 1495 7. 65 4.69 0.24
(M g rec.—) 6 x 102 4.0 % 107
(M rec.—) 0.13 14 %104
(My- rec.—) 0.1 16 x 107*




Extract p parameter

2 _ 2,2
F(HY — WHHy) ~ b T(HT — th) ~ BT
MH+ H+
2 2 B
r(H+ N W+Z) ~ (g12 % _ \/§(2g12 + g22) VA) V11+
A 0

R=BR(H* —>B)/BR(H' —>W*Z)

m .(GeV)



Conclusion

@ We propose one scenario that Type Il seesaw mechanism can
be tested directly at the LHC although it may require high
luminosity.

@ It has very different phenomenology like doubly charged
scalars that can decay into same sign dilepton.

@ If the doubly charged Higgs and its LNV decay has been
discovered, we will be able to extract information of neutrino
mass and mixing from BR of triplet Higgses.

THANK YOU!



