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as a bi -fundamental

= M2®T® is not forbidden by gauge symmetry

This model does not solve the hierarchy problem.
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= Y= ng'j, (Not bad for 3" generation?)

Chamseddine et. al. introduce

Ouf(z,y) = M|f(z,—) — f(z,+)] M- M®K;

Higgs mass

\/7 U <rd <re Connes said on 1004.0464 on 1208.1030
mp = V2mw = ma(Y5YSY5) | 0 170GeV = 125GeV
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e Gauge and Higgs bosons are QF“*‘”’
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Fund H'

A(z,n) = Y d4 (z)dal(z), d=d+ dy, A

Alz,n) = Y an'(z)dal(z), Hum(z) =Y an' (€) Mpmal, (z).

I’m so sorry, but confining dynamics is not considered.
(we can consider this type of model from NJL theory.)

Gauge trf. ai’(:c) =a}(2)G{ (z) = Az, 1) +d=Gi[A(z, 1)+ d|G; .



Algebra of M* x Z,; (for insurance)

* The algebra is modified in M? x Z,,.
dfn: (d+dx>fna

dof =Y dyf =Y [Munfom— faMumlXm:  nym=1-N.

* d 7 =0 (nilpotency) under a new NC algebra.

Graded Leibniz rule dXz(Mnmﬂxa m)) = (dXLMnm)f(xv m) — Mnm(dmf(xa m)),

Derivative of M, Ay Mpm = Z My M
l#m

Index shifting rules Eon Xom M = Ea M X

(source of noncommutativity) FoxoMy = Fo,Muyxn

X N Xt = Xt N\ Xk



SU(5) GUT

* curvature A(z,n) = Y ap (¢)dal(z),  Hum(®) = 3 an (z) Mumal, (2).

F, = F, ,,dx" N\ dx” + Z D, Hpp dx™ N Xom + Z (HpmHpy — X)) Xm A X1
m#n m#n,l#m



SU(5) GUT

* curvature A(w,n) = Y. dif (z)ddi,(2), Hum(z) = Y abf () Mamal, (@),

F, = F, ,,dx" N\ dx” + Z D, Hpp dx™ N Xom + Z (HpmHpy — X)) Xm A X1
m#n m#n,l#m

nom=1,23 X, =Y a, My, Myaj.

1



SU(5) GUT

* curvature A(e,n) = Y dif (z)ddi,(z), Hum(z) = Y abf () Mamal, (@).

F, = F, ,,dx" N\ dx” + Z D, Hpp dx™ N Xom + Z (HpmHpy — X)) Xm A X1
m#n m#n,l#m

nom=1,23 X, =Y a, My, Myaj.

1

2 vevs (chosen by hand)

Mis = Yo = Mdiag(2,2,2,—-3,—-3) Mz = Ms3 = Hy = (0,0,0,0, u)*



SU(5) GUT

* curvature Alw,n) = S ai! (@)dab(z),  Hun(z) = 52 ar (2) Moy (@)
F, = F, ,,dz" N dx” + Z D, H,p, dx" N\ xm Z (HpmHpg — X ) Xm A Xq
m#n m#n,l#m

nom=1,23 X, =Y a, My, Myaj.
7

2 vevs (chosen by hand)

Mis = Yo = Mdiag(2,2,2,—-3,—-3) Mz = Ms3 = Hy = (0,0,0,0, u)*



SU(5) GUT

* curvature Aw,n) = £ 0l @)dai (o), Hun(x) = 5 a4/(@) Momin o).
F, = F, ,dx" N\ dx” + Z D, Hypp, dz" N X, Z (HpmHpg — X ) Xm A XZJ
m#n m#n,l#m

nm=123 X . = My Mot

2 vevs (chosen by hand)
Mis = 3¢ = Mdiag(2,2,2,—3,—3) = Mys = Hy = (0,0,0,0, )T

Higgs potential

) N
2“2 tr|(2(x)+zo)2+M(2(x)+zo)—i tr 322 12, x12) = ,
g (x3,Xx3) = —0

— LB E )+ ol — P~ 252|(>:<x>+Zo+3M)<H<x>+Ho>lz

V(S H) = —




SU(5) GUT

* curvature Alw,n) = S ai! (@)dab(z),  Hun(z) = 52 ar (2) Moy (@)
F, = F, ,da" N dx” + Z D, Hyp dzt N X, Z (HpmHpg — X ) Xm A Xq
m#n m#n,l#m

n,m — 17 27 3. X7,7,ml — Z CL;JTManmlCL;
1

2 vevs (chosen by hand)
Mis = Yo = Mdiag(2,2,2,—-3,—-3) Mz = Ms3 = Hy = (0,0,0,0, u)*

Higgs potential ,, - [, Self interactions (determines the mass)

’ 2
gaz t1‘|(2(x)+20)2+M(2(:c)-I—Z'o)—% tr 2¢|? (X12,X1,2) = on
’ (X3, x3) = =0

— S| H @)+ Hol? = P~ (5 (2) + Sot-3M)(H () + Ho)l

~V(S,H) = —




SU(5) GUT

* curvature Alw,n) = S ai! (@)dab(z),  Hun(z) = 52 ar (2) Moy (@)
F, = F, ,da" N dx” + Z D, Hyp dzt N X, Z (HpmHpg — X ) Xm A Xq
m#n m#n,l#m

n,m — 17 27 3. X7,7,ml — Z CL;JTManmlCL;
1

2 vevs (chosen by hand)
Mis = Yo = Mdiag(2,2,2,—-3,—-3) Mz = Ms3 = Hy = (0,0,0,0, u)*

Higgs potential ,, -/ Higgs interactions (2-3 splitting is solved)

— o2

4
2&’2 tr|(2(x)+20)2—l—M(2(x)-I-Z'O)—% tr X2|? (X1,2,X1,2) = 2
X <X37X3> — —6

— T H @)+ Hol? = P~ (5 (2) + S0t 3M)(H () + Ho)l

~V(S,H) = —




SU(5) GUT

* curvature A(z,n) = S o (2)dai(e),  Hum(z) = S an! (@) Momah (@)

F, = F, ,,dx" N\ dx” + Z D, Hpp dx™ N Xom + Z (HpmHpy — X)) Xm A X1
m#n m#n,l#m

n,m = 17 27 3. X;Lml _ Z CL;}TManmlCL;
1

2 vevs (chosen by hand)  (if H&A, are elemental, X°,,, = M, M,,.)
Mis = Yo = Mdiag(2,2,2,—-3,—-3) Mz = Ms3 = Hy = (0,0,0,0, u)*

Higgs potential

2

! -
-V(E,H) = — a trl(z(x)+20)2+M(2(x)-I-Z'g)—% {322 (X1.2,X1,2) = —@

2
29 (X3, x3) = =

— T H @)+ Hol? = P~ (5 (2) + S0t 3M)(H () + Ho)l




SU(5) GUT

* curvature A(z,n) = Yo (2)daiy(z),  Hum(z) = S a7 (@) Momah (@)

F, = F, ,,dx" N\ dx” + Z D, Hpp dx™ N Xom + Z (HpmHpy — X)) Xm A X1
m#n m#n,l#m

nom=1,23 X, =Y a, My, Myaj.
2 vevs (chosen by hand)  (if H&A, are elemental, X°,,, = M, M,,.)
Mis = Yo = Mdiag(2,2,2,—-3,—-3) Mz = Ms3 = Hy = (0,0,0,0, u)*

Higgs potential (2-3 splitting is not solved)

’ _ 2
gaz t1‘|(2(x)+20)2+M(2(:c)-I—Z'o)—% tr 2¢|? (x1.2,X1.2) a2
’ (X3, x3) = =0

— T H @)+ Hol? = P~ (5 (2) + S0t 3M)(H () + Ho)l

~V(S,H) = —




SU(5) GUT

* curvature A(z,n) = Y ap (¢)dal(z),  Hum(®) = 3 an (z) Mumal, (2).

F, = Fodat Ada” + ) DyHpm de" Axo + Y (HumHyt = X000 X A X0
m#n m#n,l#m

nm=123. X . = Z at My My aj.
)

2 vevs (chosen by hand)  (if H&A, are elemental, X°,,, = M, M,,.)
Mis = Yo = Mdiag(2,2,2,—-3,—-3) Mz = Ms3 = Hy = (0,0,0,0, u)*

Higgs potential (2-3 splitting is not solved)

2

nr4 1 /\/10 \/10\_—/]/

Composite scheme is necessary for successful GUT.

Ly ' S Lq




SU(5) GUT

 SUQOS): M, xZ, A

ul
* Gauge and Higgs bosons are QM
(" . ” Adj 2 | ‘ 0
treated as “composites ®o—
Fund H'

A(z,n) = Y d4 (z)dal(z), d=d+ dy, A

Alz,n) = Y an'(z)dal(z), Hum(z) =Y an' (€) Mpmal, (z).

where a!(z) = a4(z) = 5 x 5 complex matrix
a%(z) = real function

Gauge trf. ai’(:c) =a}(2)G{ (z) = Az, 1) +d=Gi[A(z, 1)+ d|G; .



SU(5) Orbifold GUT

 SUQOS): M, xZ, A,
e Gauge and Higgs bosons are QF“*‘”’
‘“ : » Adj2 1l @ O
treated as “composites ®o—
Fund H'

A(z,n) = Y d4 (z)dal(z), d=d+ dy, A

Alz,n) = Y an'(z)dal(z), Hum(z) =Y an' (€) Mpmal, (z).

where a!(z) = a4(z) = 5 x 5 complex matrix
a%(z) = real function

Gauge trf. ai’(:c) =a}(2)G{ (z) = Az, 1) +d=Gi[A(z, 1)+ d|G; .



SU(5) Orbifold GUT

 SUQOS): M, xZ, A,
e Gauge and Higgs bosons are Q“‘*@'H
‘“ : » Adj2 1l @ O
treated as “composites ®o—
Fund H'

A(z,n) = Y d4 (z)dal(z), d=d+ dy, A

Alz,n) = Y an'(z)dal(z), Hum(z) =Y an' (€) Mpmal, (z).

where | a%(z) = Pd(z)P =5 x 5 complex matrix | P = diag(—, —, —, +, +)

a%(z) = real function

Gauge trf. ai’(:c) =a}(2)G{ (z) = Az, 1) +d=Gi[A(z, 1)+ d|G; .



SU(5) Orbifold GUT

 SUQOS): M, xZ, A,
e Gauge and Higgs bosons are Q“‘*@'H
‘“ : » Adj2 1l @ O
treated as “composites o—
Fund

A(z,n) = Eafj(x)da%(m), d =d+ d,,

Alz,n) = Y an'(z)dal(z), Hum(z) =Y an' (€) Mpmal, (z).

where | a%(z) = Pd(z)P =5 x 5 complex matrix | P = diag(—, —, —, +, +)

a%(z) = real function

Gauge trf. ai’(:c) =a}(2)G{ (z) = Az, 1) +d=Gi[A(z, 1)+ d|G; .



SU(5) Orbifold GUT

 SUQOS): M, xZ,

al(z) = Pab(z)P =5 x 5 complex matrix
a%(z) = real function P = diag(—,—,—,+,+)

Adj 2 I



SU(5) Orbifold GUT

‘ ' . Fund H
ai(z) = Pas(z)P = 5 X 5 complex matrix ~—
' Adj S I
a,’é (m) = real function P = diag(—, —,— 1, +) | ‘ /

Fund
2 vevs (chosen by hand)

Yo = Mdiag(1,1,1,1,1) Hy = (0,0,0,0, u)”




SU(5) Orbifold GUT

 SUQOS): M, xZ, A,
. . . Fund H
ai(z) = Pay(x)P = 5 X 5 complex matrix T~
. Adj X
ag(m) = real function P = diag(—,—,—,+,+) J :/ ‘
Fund
2 vevs (chosen by hand)
Lo = Mdiag(1,1,1,1,1) Hy = (0,0,0,0, u)”
Higgs potential
4 2,82
—V(E,H) = — 7tr|l2 + So|? — M2 — 297 |H + Ho|* — p?)?

2ﬁ2 a 5
— YXP+MP— M)(H+ Hyp)l|*
(55 + s ) &P+ )(H + Ho)



SU(5) Orbifold GUT

 SUQOS): M, xZ, A,
. . Fund H
al(z) = Pab(z)P =5 x 5 complex matrix T~
Adj >
a’f’;(a;) = real function P = diag(—,—,—,+,+) J :/ ®
Fund
2 vevs (chosen by hand)
$o = Mdiag(1,1,1,1,1) Hy = (0,0,0,0, )T
Higgs potential Higgs-Higgs interactions
4 222
V(S H) = — 5 5t + % 2 — M2 — O‘g,2 |H + Ho|? — p2?

262 a 5
— YXP+MP— M)(H+ Hyp)l|*
(292 v o) (EP+ )(H + Ho)




SU(5) Orbifold GUT

 SUQOS): M, xZ, A,

. . . Fund H
aj(z) = Pay(x)P = 5 X 5 complex matrix T~

. Adj >
ag(x) = real function P = diag(—,—,—,+,+) J :/ ‘ 0

Fund
2 vevs (chosen by hand)
20 = Mdlag(lalal,lal) Hy = (0303 0, Onu‘)T

Higgs potential Higgs-Higgs interactions (2-3 splitting is solved)

~V(,H) m% = |(MP — M)H|* = M?diag(4,4,4,0,0) H'H.

a2 2 a4
(@8, o
( 2g°  2g°?

) (P + MP — M)(H + Hy)|*.




Discussions

e Adjoint X field

— The orbifold GUT mechanism and
elimination of Z field are incompatible

— The property is similar to the usual GUT



Discussions

e Adjoint X field

— The orbifold GUT mechanism and
elimination of Z field are incompatible

— The property is similar to the usual GUT

* Proton decay

An example of
Fermion configuration

Y10 Vs

— Parity assignment can forbid the
coupling to the fermionsand X, Y,
and H¢ bosons.

_ - i > @0
We leave the construction of this o
sector as a future work.



Conclusion
we considered SU(5) Orbifold GUT in NCG.



Conclusion
we considered SU(5) Orbifold GUT in NCG.

* Discretized extra dimension  A(z,n) =) a,};(:c,n)dai(a:,n)

* Gauge and Higgs bosons are ' ;
treated as “composites” Hpm(z) = Z a; (2, n) Mpmai(z, m)



Conclusion
we considered SU(5) Orbifold GUT in NCG.

* Discretized extra dimension  A(z,n) =) a;.r(a:,n)daz-(a;,n)

* Gauge and Higgs bosons are ' ;
treated as “composites” Hpm(z) = Z a; (2, n) Mpmai(z, m)

Assignment a’i (.’17, _y) — Pa”:(g_';, y)P P = diag(z, 23 2) _3? _3)

for “preons”



Conclusion

we considered SU(5) Orbifold GUT in NCG.

* Discretized extra dimension
* Gauge and Higgs bosons are

treated as “composites”

Assignment
for “preons”

SUS)

A(z,n) = 3 az(a:, n)da;(z,n)

Hpym(x) = Z’: a,,:-r(:c, n)Mpma;(z, m)

a'(z, —y) = Pd*(z,y)P | P = diag(2,2,2,—3,—3)

a a va
Gy | XL
Xeye | pyo

f

HC

massive

)




Conclusion
we considered SU(5) Orbifold GUT in NCG.

* Discretized extra dimension  A(z,n) = Zag(m,n)dai(m,n)

* Gauge and Higgs bosons are ' ;
treated as “composites” Hpm(z) = Z a; (z, n) Mnma;(z, m)

Assignment a'(z,—y) = Pa'(z,y)P| P = diag(2, 2,2, —3, —3)

for “preons”

SUS).  massive Dependent condition

( Ge | xaye ) { HC\ @’AZ((E, —y) = PAj (z,y)P

- H(z,—y) = PH(z,y)




Conclusion
we considered SU(5) Orbifold GUT in NCG.

* Discretized extra dimension
* Gauge and Higgs bosons are

treated as “composites”

Assignment
for “preons”

SUS)

A(z,n) = 3 a,:.r (z,n)da;(x,n)

a'(x, —y) = Pa’(z,y)P

\ [

a a yva
Gy | XL
Xeya | jpe

HC

massive

|

Hpm(x) = Zﬁ:a;-r(:v, n) Muymai(x, m)

P = diag(2,2,2, —3, —3)

Dependent condition

c

A, (z,—y) = PA|(z,y)P

H(xa _y) — PH(III, y)

Fermionic sector, proton decay
= Future work ...



That’s all. Thank youl!






Back up



Auxiliary fields

* The curvature has an auxiliary fields X, ..

Fn — Fn deli/\de_i_ D Hnmdxu/\Xm+ Hanml - X Xm N\ X1
s 7 nml
m#n m#n,l#m

where X, = Z a'T My Myl I H&A  are elemental, X = MM

If X! = f(Hnm), Xm A X1 terms are treated as Higgs interactions.

If not, X/ . is an auxiliary field, and eliminated by 0L/0X] , = 0.

Ex)
Xiog =Y ay MiasMasah = aj'SoHoa = —3M (H (z) + H).
Then, : :
Hi9Hog — X'os = (S(z) + So)(H(z) + Ho) + 3M(H(z) + Hp).



170 GeV - 126 GeV, 1208.1030

The new field o and the Higgs mass From Pierre Martinetti

Spectral action requires a unique unification scale. With A = 10" GeV, the
running of the Higgs quartic selfcoupling Ay under the big desert hypothesis yields

1
Mo(A) = 2 rag(A) = 0.356 = my ~ 170 GeV.

. RGE running



170 GeV - 126 GeV, 1208.1030

The new field ¢ and the Higgs mass From Pierre Martinetti

Spectral action requires a unique unification scale. With A = 10" GeV, the
running of the Higgs quartic selfcoupling Ay under the big desert hypothesis yields

1
Mo(A) = §6m3(A) _0.356 = my ~ 170 GeV.

_ RGE running _ _
A new scalar field o - that lives at high energy and gives mass to the neutrinos -

has been introduced by phenomenologists' to solve some instability due to the
low mass of the Higgs (radiative corrections may drive Ay negative and
destabilize the electroweak vacuum):

1
V(H, o) = Z(AHH4 + Ao0* + 2o H?0?).

As a bonus, it pulls my back to 126 GeV.
Resilience of the spectral SM, Chamseddine, Connes 2012

Is o0 natural in NCG, or is it just an artifact for solving the model ?



170 GeV - 126 GeV, 1208.1030

From Pierre Martinett

—

The new field ¢ and the Higgs mass

Spectral action requires a unique unification scale. With A = 10" GeV, the
running of the Higgs quartic selfcoupling Ay under the big desert hypothesis yields

1
Mo(A) = §6m3(A) _0.356 = my ~ 170 GeV.

RGE running —
A new scalar field o - that lives at high energy and gives mass to the neutriros -
has been introduced by phenomenologists' to solve some instability due to t
low mass of the Higgs (radiative corrections may drive Ay negative and
destabilize the electroweak vacuum):

—

€

—

1
V(H,a):Z(AHHuAG EEEEE— :
Actually, even this result

As a bonus, it pulls my back to 126 GeV. Depends several assumpﬁons

Resilience of the spectrar JIVI, CIrrdrrrscaalrrie, Cories ZuxlLzZ

Is o0 natural in NCG, or is it just an artifact for solving the model ?



Worries, concerns, issues

Less discussed problems

* Quantum corrections
— No RGE inv. mass relation
— RGE analyses m, (1) = g(u) A(u) are done.

* Quadratic Divergence

— | can’t found discussion about this problem.



Renormalization Group Equation analysis

 We can search unification scale from
observed parameter (g;, m,,,) and SM RGEs

2(A) Turn back the scale
T4 4 = mh:\/Q/\(mh)v(mh)'

P
—~
>
S
K
DB
~~
—
S
KQ
—

60 |

With the 2-loop SM RGEs,

40+

= 3.37 x 1013GeV.

201

|  Perhaps M ~ v doesn’t hold?
o 10 20 30 (Connestreat Ais GUT scale =10 GeV )

t=log( wmz)




