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-LHC shows no evidence of BSM.
no SUSY, no extraD,+ -
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no SUSY, no extraD,+ -

*SM (m,~126GeV, m,~173 GeV) can be a final theory?
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no SUSY, no extraD,+ -

*SM (m,~126GeV, m,~173 GeV) can be a final theory?
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‘LHC shows no evidence of BSM.
no SUSY, no extraD,+ -

*SM (m,~126GeV, m,~173 GeV) can be a final theory?
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-LHC shows no evidence of BSM.
no SUSY, no extraD,+ -

*SM (m,~126GeV, m,~173 GeV) can be a final theory?

maybe No, because

Problems in SM

*hierarchy problem
-dark matter

- v mass, BAU
-inflation
-cosmological constant
*charge quantization (gauge coupling unification) [
-strong CP »
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-LHC shows no evidence of BSM.
no SUSY, no extraD,+ -

*SM (m,~126GeV, m,~173 GeV) can be a final theory?

maybe No, because

Problems in SM

*hierarchy problem

-dark matter

- v mass, BAU

-inflation

-cosmological constant

*charge quantization (gauge coupling unification)
*strong CP

let us reconsider various possibility of BSM once again, ¢
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:SU(3) & SU(2) adjoint fermion + (L+L)xn (MSSM like)
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wGCU sector in NNMSM:

Lywysye = Loy + Ly + Lo + Llnfration + Lee + Liey
Locy =M A; + M, A} +M, LL +y, LHE+y L H'E

:SU(3) & SU(2) adjoint fermion + (L+L)xn (MSSM like)
n=1: no GCU _
OGn=2: good! with 103 TeV A, 5, L, L
— al~36.1 @ GCU scale 2.45 x 1015 GeV
close to present bound (p->n%*) — can be detected at HK

60F— T~ ~ ~ T 7 .7 1 hadronic matrix element
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501 ]
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-n>2: rapid proton decay
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wGCU sector in NNMSM:

Lywysye = Loy + Ly + Lo + Llnfration + Lo+ Loy
Locy =M A; + M, A} +M, LL +y, LHE+y L H'E

:SU(3) & SU(2) adjoint fermion + (L+L)xn (MSSM like)

Gn=2: good! with 103 TeV A, 3 &L, L
4

stable in renormalized OPs

— let us consider low reheating temperature

T, <103 TeV/40 ~ 25 TeV

their productions as particles are very few -> negligible

(L, L can also decay to leptons through Yukawa ints.)

cf.) when N' (light Z,-odd singlet) is introduced, A can be decay through
dimé OP as QAQN'/A? but, A < 10!3 GeV for decay before BBN (1s),
this scale is unwanted additional scale.
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LNNMSM — LSM + Ly, + LvR + L T LCC T LGCU
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Y Inflation sector in NNMSM:
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-consistent with T,<25 TeV (CW-type inflation model)

*In NMSM, L1 0tio=-Mm2@%-pe3-ke* (Chaotic Inflation model),

(e-folds N~60 is consistent with today's cosmological observations (u=k=0))

but, today's cosmological observations is not consistent with
T, < 25 TeV (small e-folds), so it is no good.
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Infration
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Set tiny for slow-row & not affect RGE
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— lightest v is massless

-BAU must work under low T, (< 25 TeV)

— ex). resonant leptogenesis

— mass of v, < 25 TeV




v, sector & BAU

Lowpsie = Loy + Lpyy + Lg + L + Lo + Loy

Infration

L,=-MN‘N+y LHN

-minimal setup is introducing two vy
— lightest v is massless

-BAU must work under low T, (< 25 TeV)

— ex). resonant leptogenesis

— mass of vy < 25 TeV — Yv < 10-°




v, sector & BAU

Lowpsie = Loy + Lpyy + Lg + L + Lo + Loy

Infration

L,=-MN‘N+y LHN

-minimal setup is introducing two vy
— lightest v is massless

-BAU must work under low T, (< 25 TeV)

— ex). resonant leptogenesis

— mass of vy < 25 TeV — Yv < 10> — negligible in RGE of A




Next to New Minimal SM:

LNNMSM — LSM + Ly, + LvR + L T LCC T LGCU

Infration

Ly, D-A(HP —v*)
%L, =—-m2S*—klHPS*—AS"*
L,=—MN‘N+yLHN

)1
Ljraion = —Bo" {ln(%j—ﬂ— Bo' -l HI —k,0" |HI —kp"S’

L. =(123%x107eV)*
cc ( ) +h.c. + Kinetic terms

Loey =M A2 +M,A2+M, LL+y,LHE+y,L H'E




DM sector & vacuum in NNMSM.:

Lowpsie = Loy + Lpyy + Lg + L + Lo + Loy

Infration

L, D—A(IHP —v*)’

Ly, = —n”I;iz —kIHI ﬁz - )~S£4 —real scalar S is DM [Z,-0odd (stable)]



DM sector & vacuum in NNMSM.:

Lowpsie = Loy + Lpyy + Lg + L + Lo + Loy

Infration

L, D—A(IHP —v*)’

Ly, = —n”I;iz —kIHI ﬁz - )~S£4 —real scalar S is DM [Z,-0odd (stable)]

DM relic density depends on A & k (not A.)

H
S /H S, ,
\ / \ /
\N v \ /
\v \;——'——'—-,/
k/'\ k/ \A
/ \ / \
/ \ / \




DM sector & vacuum in NNMSM.:

Lowpsie = Loy + Lpyy + Lg + L + Lo + Loy

Infration

L, D—A(IHP —v*)’

Ly, = —n”I;iz —kIHI ﬁz - )~S£4 —real scalar S is DM [Z,-0odd (stable)]

DM relic density depends on A & k (not Ag) & stability-triviality do Y,, [M,=173.5 * 1.4 GeV]
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U An example of RGE running

o AA 3 |
(4m)?— = 12X°+12x% — 129" — 3X(¢"” +3¢°) + 7 [2¢" + (9 + ¢°)°] + 47,
, dk 3
(4m)*— dr k |4k + 6) + Ag + 6y* — 5(9'2 +3¢%)|,
d)\
(4m)P =5 = 3Xg+ 12K,
M=1735 (m\-n(l,iﬂ;]/_}ﬂz) ;;;: ]
or ]
£
-2r --- ?ﬂ:‘:;:ﬁ;u );Ezr:]omm (2012)
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U An example of RGE running

o AA 3
(4m)?— = 12X +12x% — 129" — 3X(¢"” +3¢%) + 7 [20" + (9 + ¢°)°] + 47,
dk 3
(47[')2 - ﬁ 4k+6A+AS+6y2_§(g12+3g2) :
d)\
() = s+ 12K
10.00 B - o o e l Mi=1735 GeV -dM)/H(,
5.00F ms=1600GeV ) s DM‘-
3 k(M7) = 0.496 AS - 00y =1
~ A,(Mz) = 0.1
2 1.00F Qi =0.115 S L
< 0s0F— k E ”
gﬂ -2r == ?&%ﬁllgu);hgomm (2012)
é -
5 0.10 " " _af
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-still no evidence of BSM, but problems exist in SM
— new minimal SM (DM, inflation, v mass) [SM + S(DM) + ¢(Inf) + vpx2]
— next to NMSM (+6CU) [NMSM + A, 5 + (L+L) x2]

* NNMSM

- proton decay (p->n%e*) will be observed at HK.
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- consistent with DM relic density & A's stability and non triviality conditions
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discussions

— other setup scenarios (R. Takahashi's talk yesterday)
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discussions

— other setup scenarios
[NNMSM-TII]
- A, x 2 (Z,-even) & no need of (L+L)*2or v x 2

(H)

\
\

L A

(H)

/
A, L

= another BAU scenarios
(not leptogenesis)
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O DOF
- NMSM: DM, inflation, v mass

SM + S (1) + ¢ (1) + vp x2 (2x2) (+6)
- NNMSM: + GCU
- NNMSM-T: NMSM + A; (8x2) + A, (3x2) + [L L] x2 (2x2x2x2)  (+38)
< - NNMSM-II: NMSM + A, (8x2) + A, (3x2) (+22)
|- NNMSM-IIT: NMSM + A5 (8%x2) + A, (3x2x2) - v, (2x2) (+24)

DOF: SM < NMSM < NNMSM-IT < NNMSM-IIT < NNMSM-I
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O DOF

- NMSM: DM, inflation, v mass
SM+ S (1) + ¢ (1) + vy x2 (2x2) (+6)

- NNMSM: + GCU

- NNMSM-T: NMSM + A; (8x2) + A, (3x2) + [L L] x2 (2x2x2x2)  (+38)
< - NNMSM-II: NMSM + A, (8x2) + A, (3x2) (+22)
|- NNMSM-IIT: NMSM + A5 (8%x2) + A, (3x2x2) - v, (2x2) (+24)

M,=172.1 GeV M; =173.5 GeV M, = 174.9 GeV

M172.1 GeV, m(M)«156 GeV | | M 1735 GeV, miM)= 160 GeV | [ M,=1749 GeV, m(M,)=165 GeV |
d !

{ -1 > g
% e 4 | 7 | &
¥ \ ‘ I | &
-2 15 == cxchoded by XENONIOO 2012)4 - = oxclodod by XENON100 (2012)4 -2+ - = excluded b )u NONI0O (2002)4 K
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U NNMSM-IIa (M3=M;;) other non-minimum setup possibilities

Ny | Ny, | Myp [GeV) | Agou [10°° GeV] | agey | 7 [10* years]
1 a* 2.21 x 10 1.41 39.3 < 8.2 x 10% years
2 | 1,2 - - - -
3 5.80 x 107 99.2 36.4 2.887770 x 107
4 1.09 x 10™ 5.20 38.3 1.8977%% x 107
> 5 > 6.47 x 10" < 1.90 > 39.0 < 8.2 x 10% years
3 | 137 - - - -
4 1.33 x 10" > M, 34.6 > O(10%) years
56 | (0.52—1.83)x107® | (5.20—23.0) | (37.3—38.3)| > O(10%) years
7 3.47 x 107 2.45 38.8 89471 &
> 8 >5.11 x 107 <1.55 > 39.1 < 8.2 x 10¥ years
4 | 14 . . - -
5 2.74 x 10™ > M, 32.8 > O(10%) years
6-8 | (2.39-751)x 10" | (5.20—-99.2) | (36.4—38.3) | > O(10%) years
9 9.49 x 10% 2.85 38.7 16.47 5
> 10 >1.11 x 10™ < 1.90 > 39.0 < 8.2 x 10* years
5 | 15 - - - .
6 5.11 x 107 > M, 31.0 > O(10%) years
7-10 | (1.75 — 7.51) x 10™ (520 —417) [ (35.5—38.3) | > O(10%) years
11 1.85 x 10™ 3.15 38.7 24.67 70,
12 1.93 x 10™ 2.20 38.9 5.761 5%
> 13 > 1.99 x 10™ < 1.68 >391 [ <82x10% years | *: ruled out by p-decay
6 1-6~ - - - - t : not realize GCU
7,8t | (4.76 — 8.67) x 10! > M, (29.3-34.6) | > O(10*) years ¥ : realize GCU above MP
9-12 | (3.09—3.85) x 10" | (5.20—99.2) | (36.4—38.3) | > O(10%) years
13 2.99 x 10 3.39 38.6 32.875%2
14 2.92 x 10 2.45 38.8 8.9015 &
> 15 > 2.86 x 10 < 1.90 > 39.0 < 8.2 x 10% years
7 | 7 . . - -
8,9" | (0.204 — 1.34) x 10™ > M, (27.7-33.7) | > O(10%) years
10-14 | (0.462 —1.04) x 10" | (520 —259) | (35.8 — 38.3) | > O(10%) years
15 4.27 x 10™ 3.57 38.6 4087153
16 4.02 x 10™ 2.66 38.8 12.57 %7
17 3.83 x 10™ 2.10 38.9 4.837 70 - ;
E&% > 18f < 3.68 x 10™ <1.74 > 39.1 <82 x 10% years | " 3 \)}
== N T NS, D f NS, e NS N, e e f NN\ W




O NNMSM-IIb (M3#M,;) other non-minimum setup possibilities

Nig (M)

Ny, (M,;)

Accu [10™ GeV] | agey

1 (M; < 4 x 10° GeV)

3 (M,; < 1.08 x 10 GeV)

4 (Mo, < 1.36 x 102 GeV)

~

5 (M, < 6.26 x 102 GeV)

6 (M,; < 1.73 x 10 GeV)

~

7 (Ma; < 3.57 x 107 GeV)

~

8 (Mo, < 6.14 x 107 GeV)

9 (M, < 9.39 x 107 GeV)

~

2.77 38.8

2 (M, < 3 x 102 GeV)

~

1* (M2Y1' S 126 GCV)

2 (M, < 6.08 x 10° GeV)

3 (M,, < 1.03 x 10! GeV)

~

4 (M,, < 1.34 x 102 GeV)

~

5 (M, < 6.22 x 10 GeV)

6 (M,, < 1.73 x 107 GeV)

7 (M, < 3.61 x 10 GeV)

~

8 (M, < 6.26 x 107 GeV)

9 (M, < 9.60 x 107 GeV)

3 (2‘([3,5 <3 x 10],; GCV)

~

1 (MQJ' < 124 GCV)

~y

~

2 (M. < 6.05 x 10° GeV)

3 (M, < 1.03 x 10T GeV)

4 (M,; < 1.33 x 102 GeV)

~

5 (M, < 6.22 x 102 GeV)

~

6 (M, < 1.74 x 107 GeV)

7 (M,; < 3.62 x 107 GeV)

~

8 (M, < 6.27 x 107 GeV)

~

9 (M, < 9.61 x 107 GeV)

291 38.7

4 (M,, <9 x 10° GeV)

~

1* (M2x,' < 78.3 GCV)

~y

2 (M, < 5.06 x 10° GeV)

~

3 (M,, < 9.42 x 10°° GeV)

4 (M,,; < 1.28 x 102 GeV)

~

5 (1142’,' < 6.16 x 1012 GCV)

~

6 (M,, < 1.75 x 10™® GeV)

7 (M,,; < 3.70 x 10™ GeV)

~

8 (M,, < 6.48 x 10™ GeV)

~

9 (M,, < 1.00 x 10" GeV)

3.27 38.6

e \‘\ﬁ »‘ Ve
"%f =T

~

N SN/ IR

* : ruled out by collider direct
search of SU(2) adjoint
fermion experiments




