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- In holography, U(1) gauge fields are | _
usually not dynamical in the boundary \ v

theory.

. Bulk local symmetry = Boundary global
symmetry

. On the other hand, the double-trace
deformation i1s utilized to make the
boundary gauge fields dynamical. Bulk Boundary

Diffeo. Lorentz

.........................................................................................................................................................

. | revisit and review this method.
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Rolographic dictionary

. In asymptotic AdS, fields (e.g. scalar) behave as
d(2) = 29720 4 284 4 ...

The leading term I1s non-normalizable mode, Its coefficient Is source.
The sub-leading term 1s normalizable mode, Its coefficient is VeV.

(called standard quantization)

. |n some cases, both terms are normalizable.
Then, one can consider alternative quantization.
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What does "normalizable”™ mean?

. That i1s In the sense of Klein-Gordon inner product,

Y. :spacelike surface

n* timelike normal

(@1, P2) Z/Z\/gzén“(ﬁ%% — ©20,,P7), {

. Consider mode expansion & = e*g(r)

(@17 @2) :(Qﬁ)d_lé(d_Q) (]22 _ El)(wl _|_ w2)€i(w1—w2)t/d7,, \/g/g?t¢>{¢27
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Strum-Liouville inner product

. In simple cases, the bulk integral becomes SL inner product

(¢1, P2)sL = /drw(r)qﬁf(r)qﬁz(r)-
SL problem is given by

% (p(r)%) + Aw(r) — q(r): ¢(r) =0, X:eigenvalue.

. We can evaluate It by

(Gmr Bt = 1 p(r) (D1 (P)&(r) — Du(r) (1)
™m n a
Wronskian

W (Pm, ¢n) := &p, (1) by, (u) — & (u) Py (u)
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Scalar fields In AdSd+1

. Let's consider a basic example: massive scalar in planer AdS_d+1.

1
S — 5 /ddaz vV —¢ [—(5’¢)2 — m2¢2] ,
,—dt® +dz; |+ du”

2 __
ds® = L >
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A massive scalar field in AdS,1 obeys
220%¢ — (d — 1)20,¢ — m*¢ — k*z°¢p = 0.
The SL coefficients read
A= —k? pz)=2""% q(z)=mz Y w(z) =27

The asymptotic expansion 1is

b(2) =227 (bo) + 270 + 276y +0) v \/ - m”.

Note: When 2v € Z, logarithmic terms must appear in the expansion.
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A regular solution with spacelike momentum

B(z) = 2" C2Y2 K, (kz), k= \[niikik;.

The leading contribution from the AdS boundary becomes

p(Z)W(¢>{, ¢2> 2 ZQ_QV —UV ] —V 2 1—2v kaQ—V o ]{;1_’/]{;5
— ki ki1 2 I'(v)]'(— cee S
—k? + k2 Cl 2(1 — v) 1Ry T ()" + k2 — k2 vI'(v)I'(—v) +

For norm (¢, = ¢,)

= { gk TP+ D T () 4

This term diverges it v>1.
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In more general form,

p<Z)W(¢>{7¢2) 1 291 (())¢é()) 2V

B — k2

(0) ,(v) _ ,(0) ,(v)
k2 TR —2(1_V>Z 1 (I Dy 1 ")

This term diverges it v>1. = \/Cf -2

Reca“ ¢(Z) _ Zd/Q—l/ (¢(O) + 22¢(1) 4 22V¢(V) 4 .. ) |

In this sense, ¢V represents non-normalizable mode.

(The contribution from another side (horizon) iIs finite.)
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\Vlass winaow

- (12
The condition for the convergence: = \/ -m2L2 < 1

. . . d d2
Scaling dimension: A = 5 +\/4 - m2L2.

. . . d?
Reality condition = Breitenlohner-Freedman bound T m*L? > 0
d? d?
< m*L? -1
# T <mL? < -

(Bulk) mass window for alternative quantization
~ unitarity bound in CFT
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Mass window for various spin

Scalar Spinor Vector
méL2 m?pLQ 2 12

m2L? = A(A — d) m43L? = (A —1)(A+1—d)

w‘
e N
p—t

Unitarity bound violated No range allows
Note: The bound depends on spin. alternative quantization
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Notes

. Holographic models require holographic renormalization by adding

coutertems.

. In the case of nhon-normalizable modes exist, the counterterms

must Include kinetic terms.

. It one considers the KG inner product of this kinetic term, It
precisely cancel the divergence of bulk inner product.

. However, such a prescription leads to ghosts.
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Gauge fields iIn AdSH



. 1
Bulk action: Sbulk Z/d5$ VvV —9 (_Z /M/F'LW) :

1
Counterterms: Sct :/d4az Vv —" (—Zlog( ‘ )anFm"> .

Uct

k2

- - u
Asymptotic expansion:  Ap = ap (1 -5 u® log

)+6mu2_|_....

Uex

Variation of the renormalized on-shell action:

d4]€ ) m 9 1 Ut m )
6(Sbulk =+ Sct) — (271_)4 25 (k) + k 5 T lOg y 8! (k) 50477’2/ (_k)
Response Source
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The double-trace deformations

For this, we additionally consider E.g., Mauri, Stoof [1811.11795]

| _
Sﬁn — /d4~7; 4)\fmnfmn + amjgt 9 fmn = UOnmOn — anam-

Total variation:

L _
0(Sren + Shin) = /d4a: (vafm” + II" + ngt> Oy, + 0 e |
—0 (imposed) VeV Source
1 1" .= 553ren.
New external source: J%, = —=0,, f™" — II". o

ext )\
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We can rewrite It in terms of the gaige invariants:

—ka S I 1 Ut
T _iw S L 1 Ut
7 1 2 Z S Z L 1 Uct 1

where
Z1 = 1wAz(u) + ik, A(u), Zo =1iwA,(u).

By solving J,,, = 0, we obtain

1 2z 1 Uet
— = | - log .
A k2 —w? b)) 2 Uex
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AdSS

. . . 1
The solution in AdS5 is uH D (uy/w? = k2) w? —k2 >0, w >0,
Zo =Cx L uHP (un/w? —k2) w?—k2>0, w<0,
uKq(uy/k2 —w?)  w? —k2<0.

For spacelike momentum, we obtain

1 o 11 k2
— = OZ Uect 0g —.
\ YE g Uct 5 g2

Similar issues:

For given k, we find real-valued A.
Hofman, Igbal [1707.08577]

Implying tachyonic mode under some values of real A.
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The same problem exists
In the case of RNAdJSD.

The constant u, gives

Jjust a vertical offset of
the plot.
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Ad-hoc fix”
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If we set u,, =2e7 /| k]|,

we can remove the
unstable modes.

. k-dependent scale
INn counterterms?

. Still unstable for finite
momentum.



Gauge fields In AdS4



SAdS4

In Schwarzschild AdS4, one can obtain

11
A dw

o-

S J So, It Is stable for positive 4.

5 But, it Is iIndependent of T.
10 f s the zero-T limit safe?
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summary

. The dual-operators of the gauge fields always violate the unitarity
bound.

. As a result, the leading term Is always non-normalizable.
. For AdSb, the logarithmic divergence appears.

. I[N practice, we observe tachyonic modes, whose frequencies
depend on the arbitrary cut-oft scale.

. After all, is this pathological?
ls there a way to fix these problem?
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