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1. Introduction



Current condition of Higgs boson
m, = 125GeV & SM RGE  Buttazzo et al., 1307.3536, 380 cited
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Current condition of Higgs boson

Higgs quartic coupling A

m, = 125GeV & SM RGE  Buttazzo et al., 1307.3536, 380 cited
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Bardeen’s argument

Alternative solutions to the Hierarchy problem

(125 GeV)2 (2><1018
cA2 + C%M/A

Classical conformal invariance (CCl) @ A, m?(A) =0

 Symmetry breaking by Coleman-Weinberg mechanism.
* Since m, < 10 GeV in the SM, some extension is required.

 CClis broken by other sector and transmitted to Higgs.



Extended SM w/ CCl

* There are several extensions of SM
—SM + singlet scalar, 2HDM, LR model, etc....

* This study shows
—YMH model in NCG (NonCommutative Geometry)
= SM w/ CCl

—The possibility the hierarchy problem
is solved in the context of NCG.



2. Yang-Mills-Higgs model in
noncommutative geometry



Yang-Mills-Higgs model in NCG

Connes & Lott, 1990, 250 cited

Ex) MxZ,model  The Higgs boson

|
~ .— | A Gauge boson

between the noncommutative

/ ° . .
/ discrete extra dimension




The differential algebra

e Generalized derivative

ZZ
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The differential algebra

e Generalized derivative

ZZ
df = df +dsf = B, fda" + [M, fldy, oy Z4D >

Ex) M xZ, model (matrix rep)
— 1 4
f<f+ 0)) M(O M), Y= Xt (x+dx)ﬂ>M

0 f_ S \MT oo . :
/ “Difference” between two points

_(Ouf+ O 0 Mf-—fiM\ [dy1 O
A A e R [F

Wedge products

dat N dx¥ = —dz” Ndx",  da" A dy, = —dy, Ndz",  dy., N\ dy, # dy, N\ dy,, #£ 0,



Composite / elemental scheme

Gauge and Higgs boson is treated in several ways

 Composite scheme (original)

A (z) = Z a’ (2)dpmb’ (1) = Ap(2)0pm + Ppm(2)dy,

For the consistency between Higgs interpretation & NCG algebra.

* Elemental scheme
A(x) = Ay (2)da™ = A (x)da" + H(x)dy = A(x) + H(z)dy.

It works only in limited situation.



Comparison btw composite & elemental
Difference is in only d.A. €F = dA + AAA.
* Composite d:;4; = Z dsa’l dsal,

= Z (Mpmatl — alt Myp) (Mpai — at M) dym A dy;

= Z (Mnmq)ml + (I)anml + Xnml)dym A dyl7
m#n,l#m

i Elemental dsAs = d5(1)nmdym — [Mnmq)ml — (I)nlMlm]dym A dyla



Comparison btw composite & elemental

Difference is in only d.A. €F = dA + AAA.
* Composite dsds =) dsall dsal,

= Z (Mnmajj@ - a/f»:rMnm) (Mmlaf% — a'janl)dym N dy
= Z (Mnmq)mliq)anml =+ Xnml)dym A dyl7
m#£n,l#m

i Elemental d5A5 — d5q)nmdym — [Mnmq)ml — (I)nlMlm]dym N dyla

dA + ANA>S (Mnm(bml — (I)nlMlm + cI)nmq)ml)dym A dyl
=[MM — (M + @)(M — @)|dy, A dy,

It might not be interpreted as Higgs potential...



The composite scheme

e Generalized derivative

df =df +dsf =0, fdz" + | M, f|dy,

Connection
Apm(z) = Z a:;(x)dnmquz(x)
Ap(z) = Z a, (z)db,(x), Prm(z)

Higgs field w/ vev  Hun(z)
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The composite scheme

e Generalized derivative

df =df +dsf =0, fdz" + | M, f|dy,

Connection

Apm(z) = Z a:;(x)dnmquz(x)

An(w) = 0y (2)dby (1), o () = D ap () Myl

Higgs field w/ vev  H,n(z) =



The composite scheme

e Generalized derivative

df =df +dsf =0, fdz" + | M, f|dy,

Connection
An(2) =) al () dnmbl, (2) When M, =0,
A, () = ia;(a;)db;g(x), P () = aly(2) Myl k=TT, = 0
Higgs ﬁ;Id w/vev  Hpp(z) = i nm =

We cannot construct Higgs theory without vevs!
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The elemental scheme
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The elemental scheme

e Generalized derivative

=0

If we constrain Higgs field only the nearest neighbor,
And N—>oo, [t result in a M4 x S1 by (de) construction.

Ay(z)dz™ = A (x)da" + H(x)dy = A(x) + H(z)dy.
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/ A Hydy, A -+ Hondyy
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The elemental scheme

e Generalized derivative

=0

If we constrain Higgs field only the nearest neighbor,
And N—>oo, [t result in a M4 x S1 by (de) construction.

Ay(z)dz™ = A (x)da" + H(x)dy = A(x) + H(z)dy.

(A H 0 -- HT\
N—cxo, HY A H .- 0

MxS§;!! Ao H 4 - 0




The elemental scheme

e Generalized derivative

=0

If we constrain Higgs field only the nearest neighbor,
And N—>eo, [t result in a M4 x S1 by (de) construction.

It can be interpreted as generalized (de) construction.

® .\dzl‘ ( Ay Hiadys - -- HlNdyN\
/ A — Haidy, Ay -+ Hondyn |
® y >@ : : - :
’ /d)’z \HNldyl Hpyodys - -+ An )
® ®




The gauge theory on M xZ,

e Generalized derivative

df =df +dsf =0, fdz" + | M _Hdy,
=0

Only when M the elemental scheme goes well

Ay(z)dz™ = A (x)da" + H(x)dy = A(x) + H(z)dy.



The gauge theory on M xZ,

e Generalized derivative

df =df +dsf =0, fdz" + | M _Hdy,
=0

Only when M the elemental scheme goes well
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Covariant derivative D =d+ A = (9, + A,,)ds" + Hdy,

Gauge trf. (requiring D'G = GD)

A= GoAy Gt = (0,G,)G, H. = G HuGhl



The gauge theory on M xZ,

e Generalized derivative

df =df +dsf =0, fdz" + | M _Hdy,
=0

Only when M = 0, the elemental scheme goes well
Ay(z)dz™ = A (x)da" + H(x)dy = A(x) + H(z)dy.

Covariant derivative D =d+ A= (0, + A,,)ds" + Hdy,

Gauge trf. (requiring D'G' = GD) Just bi-fundamental scalars !!

A= GoAy Gt = (0,G,)G, H. = G HuGhl




The gauge theory on M xZ,

The field strength

F=dA+ AANA=(dA+dHdy) + (A+ Hdy) A (A + Hdy)
=dA+ANA+ (0,H+ A,H—HA,)dz" Ndy+ Hdy N\ Hdy,

The bosonic Lagrangian
Lp=—Te(F',SF) == (F| . 5Fum),

n,m

where S = diag(g; > Er, 93 °Fa. - - gy En), (da" A dyn, dz”’ A dyp) = —*Spng"™

_Z—tr —§F71ILWF'LW‘|‘OC Z‘D Hnm’2 Qv Z|Hanlm|2



The gauge theory on M xZ,

The field strength

F=dA+ ANA=(dA+dHdy) + (A+ Hdy) A (A + Hdy)
=dA+ANA+ (0,H+ A,H—HA,)dz" Ndy+ Hdy N\ Hdy,

The bosonic Lagrangian

EB = —TI'(FT,SF> — —Z< nmys an>

where S = diag(g; >Ev, 95 °E, - - - gy En), (da™ A dyn, dz”’ A dyp) = —*6pmg™™

—Z—tf Pl 4+ 02 Y D Hul? ot 3 HuHin |
m [

Just a Yang-Mills-Higgs Lagrangian (w/o mass scale) !!



The gauge theory on M xZ,

The field strength

F=dA+ANA=(dA+ dHdy)+ (A+ Hdy) A (A + Hdy)
=dA+ANA+ (0,H+ A,H—HA,)dz" Ndy+ Hdy N\ Hdy,

The bosonic Lagrangian

Lp=-Te(F",SF) == (F,, S.Fun),

n,m

where S = diag(g; >Ev, 95 °E, - - - gy En), (da™ A dyn, dz”’ A dyp) = —*6pmg™™

=37 1.

2
/gn

1

r __FT FAW +

9" nprtn

87

2

> |DuH o]

044 E |Hanlm|2] )

!

Generally NCG Higgs model predicts A ~g> @ A,




The gauge theory on M xZ,

The field strength

F=dA+ AANA=(dA+dHdy) + (A+ Hdy) A (A + Hdy)
=dA+ANA+ (0,H+ A,H—HA,)dz" Ndy+ Hdy N\ Hdy,

The bosonic Lagrangian
Lp=—Te(F',SF) == (F| . 5Fum),

n,m
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The fermionic sector

Constructed from the generalized covariant derivative

D=d+A=(0,+A4,,)dzs" + Hdy,
D= Dy T = (au + Anu)’yu + Hi’YSa

where I'M = (y#,i~°) satisfies the Clifford algebra {I'M TV} = 2¢M¥,
The fermion fields U= (1,02, 0n)", W= (1, tha, - hn),

The fermionic Lagrangian

Lp=UiDV =Y i[(0 + Anp)dum¥" + Humiy [t
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The fermionic sector

Constructed from the generalized covariant derivative

D=d+A=(0,+A4,,)dzs" + Hdy,
D= Dy T = (au + Anu)’yu + Hi’YSa

where I'M = (y#,i~°) satisfies the Clifford algebra {I'M TV} = 2¢M¥,
The fermion fields U= (1,02, 0n)", W= (1, tha, - hn),

The fermionic Lagrangian y= \//1 ~ g, (not bad for 3" generations ?)

Lp=UiDV =Y i[(0 + Anp)dum¥" + Humiy [t

In the original context by Connes,
Yukawa interactions are introduced by hand dy — Yyu,d.edy



The fermionic sector

Constructed from the generalized covariant derivative

D=d+A=(0,+A4,,)dzs" + Hdy,
D= Dy T = (au + Anu)’yu + Hi’YSa

where I'M = (y#,i~°) satisfies the Clifford algebra {I'M TV} = 2¢M¥,
The fermion fields U= (1,02, 0n)", W= (1, tha, - hn),

The fermionic Lagrangian y= \//1 ~ g, (not bad for 3" generations ?)

Lp=UiDV =Y i[(0 + Anp)dum¥" + Humiy [t

This is the basic formalization of the YMH model in NCG.
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Renormalization Group Equation analysis

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

Q(A) Turn back the scale

A(A) = 954 = 914 , = mp, = v/2X(mp)v(my).




Renormalization Group Equation analysis

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

gg (A) g% (A) Turn back the scale

MA) === ==, = mp, = v/2X(mp)v(my).

60 |

40+

201

0 10 20 30
t=log( wmz)



Renormalization Group Equation analysis

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

gg (A) g% (A) Turn back the scale

MA) === ==, = mp, = v/2X(mp)v(my).

60 |

With the 2-loop SM RGEs,

40+

= 3.37 x 1013GeV.

201

0 10 20 30
t=log( wmz)



The Spectral Action Principle

370 times cited

The current most popular approach in this context,
the constrcution of L including Gravity and Higgs boson

e Yukawa interactions = those of SMs
* Quantum corrections = SM RGEs

* Quadratic Divergence = still does not solved.

Connes said on 1004.0464 on 1208.1030
myp ~ 170GeV = 125GeV



The Spectral Action Principle

370 times cited

The current most popular approach in this context,
the constrcution of L including Gravity and Higgs boson

e Yukawa interactions = those of SMs
* Quantum corrections = SM RGEs

* Quadratic Divergence = still does not solved.

However, 5 dimensional quantum correction is not discussed!
(perhaps they somewhat gave up the 5 dim. picture.)




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

Generally NCG Higgs model predicts A ~g> @ A,



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 ?



3. Reconstruction of the SM with
classical confomal invariance in NCG



Reconstruction of SM

Here, we consider only one generation for simplicity.

CAUTION : The following construction
contains many by hand procedure.

(However, there are not much difference from the original one.)



/

Reconstruction of SM

* The extended connection on M? x Z,

SUB) = SU@3)
SU)XU()g U(Dgp4or
@ - ®
QL) lL H QR’ lR
where
Ap Hdyg \]
_ p —
A(z) = Au(z)da” + As(x)dy = ([‘i:fdyL zliz'% )]
8 8

Gauge trf.

w_ (G 0 A, Hdyr\ (G;' 0 N dGr, - G;'
\ 0 Ggr/ \H'dy, Apg 0 Gp' 0

8
8



Reconstruction of SM

* The extended connection on M? x Z,

SUB) = SU®B)
SU)XU()g U(Dgp4or
@ - o
QL) lL H QR’ lR
where
Ar deR ]8
_ p —
A(x) = Au(a:)dl‘ + As(z)dy = (HTdyL Ap )] 8
8 8

Gauge trf. _ _
Higgs scalar transforms as a bi-fundamental

w_ [Cr O A;p  Hdyr\ (G;' 0 N dGp, - G7' 0
~\ 0 Ggr)\H'dy, Agr 0 Gp' 0 dGr -Gz



The property of the Higgs

* Gauge trf. of Higgs SUB) = suE)
SU@XU(D)gy  U(Dpy o1,
H' =G HGY ~ (1+8,2,£1/2) @ - ®

qr, lL H qR’ lR

Although It is interesting possibility,
we omit it.

Imposing H = h ® 14, Color octet doublet Higgs is removed.

H, Hj

Then, H:(Hu H

) ®1y=(H,, Hy) ®14. 2HDM

If we further impose H, = H,, where H = ic?H* 1HDM (SM)



Reconstruction of SM
* The bosonic Lagrangian

f 7
F:dA+A/\A:<FL+HH dyr Adyr Dy Hdz* A\dyg )

D, H"dx* Ndy,  Fr+ H'HdyL A dyg

1 1 1
‘C’B = —tI‘<FT7 SF> — ZF,L(}I/F&MV . ZB,UJI/B'UJV o ZG'Z{VGO[/,W

+tr (D, H) (D, H) — Mtr|H H|?,

The gauge couplings S is chosen as commutative to SU(3)xSU(2)xU(1)
1 1 1

S = diag(SL, SR), SL,R = 12 & (gGL,R, gaL,R? gCLL’R, bL,R)-
In thi he relation hold S
n this case, the relation holds 9 gg 7 2 B

However, 4 =0 if we impose dyAdy = 0 (usual Exdim??).



Reconstruction of SM

* The fermionic Lagrangian

ur, UR
o= ||, wem=| 0| P=dt A=t An)dt s Iy
| doft IR ] P =Dyl = (9, + Ay + Hin,

€Rr

Lrp=UiT"DyU = (¢, g) (\;%fﬁ gf) @;)

y= VA~ g, (not bad for 3" generations ?)



Reconstruction of SM

* The fermionic Lagrangian

ur, UR
o@D = ", ver=]|" D=d+A=(0,+Ay,)dz" + Hdy,
) dL ) ) dR . LD _ DMFM — (a’u —i—AnM)/)//J'—FHZA}/E),

€Rr

Lrp=UiT"DyU = (¢, g) (\;?}L[T \Z/;f) @2)

y= VA~ g, (not bad for 3" generations ?)

The SM (w/o Higgs vev) is reconstructed.

The Coleman — Weinberg mechanism does not work in the SM.
Proper extension is required for a viable model.



Prospects of extended SM

* SU@B). xSUR); x U(l)y x U(1)g in M* x Z,x Z, model

A7 H* A%
Arp:(1,3+1,1,2), Agr:(1,1,0,2), H:(1,2,+1/2,0)

We impose some symmetry or ad hoc constraints...
EX) AL =0

F=dA+ANA, L~TrF*F3V =Ag|H|*+ M, |Ar|* + Mmix|H|?|AR|?,



Prospects of extended SM

* SU@B). xSUR); x U(l)y x U(1)g in M* x Z,x Z, model

>
h

A7 H* A%
Ar:(1,34+1,1,2), Agr:(1,1,0,2), H:(1,2,+£1/2,0)

We impose some symmetry or ad hoc constraints...
EX) AL =0

The extended Higgs potential required successful SSB
F=dA+ANA, L~TrF*F3V =Ag|H|*+ M, |Ar|* + Mmix|H|?|AR|?,




Prospects of extended SM

* SU@B). xSUR); x U(l)y x U(1)g in M* x Z,x Z, model

A7 H* A%
Arp:(1,3+1,1,2), Agr:(1,1,0,2), H:(1,2,+1/2,0)

We impose some symmetry or ad hoc constraints...
(recently A, model with CCl is constructed)

F=dA+ANA, L~TrF*F3V =Ag|H|*+ M, |Ar|* + Mmix|H|?|AR|?,




Prospects of extended SM

* SU@B). xSUR); x U(l)y x U(1)g in M* x Z,x Z, model

* Ex) The (partial) flat potential 1,=4_. =0
- =

i
:

- '.yl/

F=dA+AMNA, L~TF'F>3V=Xg|H"+a,.|Ar* + Amix| H|?|Ar|?,



Prospects of extended SM

* SU@B). xSUR); x U(l)y x U(1)g in M* x Z,x Z, model

* Ex) The (partial) flat potential 1,=4_. =0

A=A+ ®dy + Adz, !

0 ® 0 0 0 0 A, 0 \
" 0 0 0 0 0 0 Apg
> d + d ’
00 0o |77 |al 0o o o]|” |
0 0 &7 0 0o A, 0 o0 :

If we impose
dy Ndy =dy Ndz=20,77

F=dA+AMNA, L~TF'F>3V=Xg|H"+a,.|Ar* + Amix| H|?|Ar|?,



Prospects of extended SM

* SU@B). xSUR); x U(l)y x U(1)g in M* x Z,x Z, model

* Ex) The (partial) flat potential 1,=4_. =0

A=A+ ®dy + Adz, !

0 ® 0 0 0 0 A, 0 \
" 0 0 0 0 0 0 Apg
> d + d ’
00 0o |77 |al 0o o o]|” |
0 0 &7 0 0o A, 0 o0 :

If we impose
dy Ndy =dy Ndz=20,77

F=dA+ ANAA, LNTrF*F9V=W+AAR!AR|4+W,



Prospects of extended SM

* SU@B). xSUR); x U(l)y x U(1)g in M* x Z,x Z, model

* Ex) The (partial) flat potential 1,=4_. =0

A=A+ ®dy + Adz, !

0 ® 0 0 0 0 A, 0 \
" 0 0 0 0 0 0 Apg
> d + d ’
00 0o |77 |al 0o o o]|” |
0 0 &7 0 0o A, 0 o0 :

If we impose

dy Ndy =dy Ndz=20,77
(22?)

F=dA+ ANAA, LNTrF*F9V=W+AAR!AR|4+W,




Prospects of extended SM

* SU@B). xSUR); x U(l)y x U(1)g in M* x Z,x Z, model

. EX) The (parﬁal) flat pOtentiaI j‘H — j’mix

A=A+ ®dy + Adz, !

0 & 0 0 0 0 AL 0 \
" 0 0 0 0 0 0 Apg

5 dy + dz, \l
o0 0 o |“YTal 0 o oY '
0 0 &7 0 0o A, 0 o0 |

If we impose

dy Ndy =dy Ndz=20,77
(22?)

F=dA+ANA, L~TrF'F>V =)\



Conclusion

* The paper today introduced shows

~
H(x)

— -

—
A ()

-

The Higgs boson

|
A Gauge boson

along the NCG discrete extra dimension

— Yang-Mills-Higgs model in NCG = SM w/ CCl

— The possibility the hierarchy problem is solved in
the context of NCG.



That’s all. Thank youl!






Back up



Differential algebra

Leibnizrule d(¢Aw)=dé Aw+ (—1)"€ A dw

Commutative
* xy=yxt,
o dx*y=ydx*, dyx"=x"dy,
o dx“Ady =—dyndx*,

* Anti-sym. wedge product

Noncommutative
° yz — 1 ;
* ydy=—dyy,

* dyndy = dyAdy,

* fy)dy =dyf-y),
 Sym. wedge product



“Geometry”? (they are just matrices?)

e Gelfand — Naimark theorem (1943)

Set of C functions
on Haussdorff space

orthonormal set
of functionson R

5(z — a)&> eP?
on R

<

1to 1

>

commutative
C* algebra

Infinite dimension
commutative algebra

ipx _ip'x i(p+p)'x

€ € — €

[8721)33, eip’a:] — 0




“Geometry”? (they are just matrices?)

e Gelfand — Naimark theorem (1943

Set of C functions
on Haussdorff space

orthonormal set
of functionson R

5(z — a)&> eP?
on R

<

1to 1

>

Roughly, Algebra w/
complex conjugate

~N

C* algebra

commutative algebra

€

Infinite dimension

ipx _ip'x i(p+p)'x

€ — €

[8721)33, eip’a:] — 0



“Geometry”? (they are just matrices?)

e Gelfand — Naimark theorem (1943)

Set of C functions | “----------- . | noncommutative
on Haussdorff space | *~ C* algebra

nonltol

Infinite dimension
noncommutative algebra

c.f., algebra of functions
on GL(n,C)



“Geometry”? (they are just matrices?)

e Gelfand — Naimark theorem (1943)

Set of C functions
on Haussdorff space

orthonormal set
of functions on® ?

5(z — a)&> eP?

on K °

GEEEEEEEEEED . | nhoncommutative

————————————

nonltol

1,
| 4

C* algebra

Infinite dimension
noncommutative algebra

c.f., algebra of functions
on GL(n,C)



“Geometry”? (they are just matrices?)

e Gelfand — Naimark theorem (1943)

Set of C functions
on Haussdorff space

orthonormal set
of functions on® ?

5(z — a)&> eP?

on K °

nonltol

------------ . | nhoncommutative

C* algebra

Infinite dimension
noncommutative algebra

c.f., algebra of functions
on GL(n,C)

Sometimes, the underlying manifold does not exist.
c.f. The algebra of position and momentum of ordinary QM



B ER EDT—E R

R F=dA+ANA

1F dzt Ndx” + Fle dz¥ Ndy + Fee dy A dy

DO

L = Z—F/\*F A— gA
y= ig

1t KK AR L ARIR T 5 -

EVIAEE - F7’ )\:%, mp = V2 v = gu.

{%%M&Ekbfliz 4,0 19)'Du® + 92 (V21)? - of)?,

s ssgs Ar — A
nf=-5—omhRvy z,=—+L—+ |mz= \/ﬁg'v = v/2my,.

V2
H=RRI (@ tree level) !



B ER EDT—E R

R F=dA+ANA

1

= —F,, dz" Ndz" + Fj,0 dz”

DO

L = —F/\*F A

.L@)

SSBOYIEMER
Ex) B IREN R
J / 0 mode
A+ + A7
00001

15t KK FIfE EEEFR T %%)

{%%M&E&LTIJ:Z 2A,0

sss Af — A
F—oRvy z,=-t_—*
" V2

-

I:J’JTZE'E\/E—?,’ A

1 mode

G&GGGG =" 7

]
Eiﬁﬁiﬁ (@ tree level) !



