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Summary

| Introductlion: |

N=4 Ad$/CFT: Strings <> Long ops.

® Point-

like strings <> BPS ops.

e String excitations <> insertions

e | ong jstrings <> spin chains

N=1 Ads

RCET

e AdSsk Xs ; Xsis Sasaki-Einstein
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P |

e

e Massless geodesics and
long pperators

Matdhing of R and flavor .chargc& |

. Extendéd strings .(Qualit_ative).

Eff. action appears in f.t. and is
similgr but not equal to %trmg: slde

LIPS .

® Masc less geodesws and long
‘operators

Métc’hingbf R and flavor charges.




N=4 SYM < II B on AdS;x §°

Strings?| Long operators <> Strings
(BMN, GKP) an. dimension <> Energy

Frolov-Tseytlin: Long strings

Minahan-Zarembo: Spin chains
Bethe Ampsatz (BFST)

X=¢1H ¢ ;Y=05Hi ¢4; O=Tr(XY...Y)

Long chains (J—>0) are classical

S =J H jcosé) g;-— j; J.(é‘l_,jr 5)2}

n =(sin@cosg, siné sing, cosH)
Sefr: Action of spin chain and fast strings.

(M.K.; Riyzhov, Tseytlin, M.K.; ...)




Strings als states of A=4 SYM on
RxS

The opetator O = > ¢; [ Tr(XY...Y) ];
maps to a state of the field th. on S’

State: delocalized and has a large
number of particles (X and Y).

QM. : [) = cos(6/2) exp(i /2) |X)
~ +sin(0 /2) exp(-i ¢/2) 1Y)
Wé can gse Vvi= [y (0;, 0;) to

construey: O =Tt (vivavs V)
(Cohererjt state)




6-0 Ordel ed set

looks like
a string

%
Internal
space

0 =m/2

Strings are useful to describe states of

a large n

imber of particles (in the

large N limit)




o _ds‘ﬁ_”.:: dx?[l4],+ dr’ + 1’ .dX52

5

CY_- cone |

PutD3 :b anes at P 0 and take near

. hﬂI‘lZOI‘l ] mlt

+dXs® , AdSsx Xs

g .'tmifo_ld): _K.l'ebano.\'f-Wi_tteﬁ -

'G‘Luntlett, Martelll, Sparks,Waldram

Benvenut}, Pranca, Hanany, Martelll, Sparks |

L.Paci_ b

.Cﬁetit_ﬁ,- Lu, Page, Pope; Benvenuti,

M.K.; Frapco, Hanany, Martelli, Sparks,
. Vegh, Wedht: Butti, Forcella, Zaffaroni




Th!

ds® = ~[dy +cos0,dg, +cos6,dg,
9

s éf[daf +sin@d¢’]

_.YEE_(Gamtlett, Martelli, Sparks,Waldram)
ds’ = w(y)lda+ f(y)(dy -cosO) ]’
i 1—?62’- (16> +sin* 0 d¢?)

2

dy

:
6p(y)

a-3y +2y°

3(1—y)

y.=lepF3g-ar* -34° Vap)

- Q(gy) (dy —cos@dg)

¥ V= ¥

p(y)=

If o — PBl= 6 o + y ; only p(y) appears.




Pomnt-likp strings

massless geodesics

[dz(-0,0.+g,,0,x°9,x")

a0t drd - 0

; Pt:-ﬁ:\/_/i K

A= (32

) QR VU = 2P0 - (103) Py
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Dual gayge theories o
_ (Benvenut], Franco, Hanany, Martelli, Sparks)

 Example] Y~
L

/H \\
S il ol S :

5

_ 5 ' 4 il Attt ]
| Periodic fep.. (Hanany,Kennaway, Franco,
Vegh, Wedht) A .

SU(2)
.

It




Operatorg of maximum and minimum
slopes can be identified with the
geodesicd at y=y; and y=y>

R-charges and flavor charges match.
(Also: Bergnstein, Herzog, Ouyang, Pinansky)
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- Small F1
Qogurt)
No

N

~ Quantize]

i

Bl = :

5A=2n, 8Qxr=0, 8P,=0, 81=0

' -:_Alsb_(JﬁfP"():.ﬁAizn_? SQ'R:O,,- SP&‘.:O;._SJ_—;H o

 Agree Wl

~ and SU(;

th quﬁntuni _numbers of U(I ) |

) currents => weidentify =

~these non-BPS g-eodesicswith insertions

| ot the;CI_iI

rents.

1

\ctuations (BMN, GKP, Gomis-



Extended Strings

' 'We Consi_c
such that ¢
- approximg

Effective

er closed extended strings
ach point moves

tely along a BPS geodesic.

st Y

We introd

action for such sfringsi
4+~ g drided + S (dy + 4.dx')?
c B +9(_ y+d,de)

ice a coordinate ;=\ - 3t

7 =—didy, + 4,dx) + g dride

_ 3
1 N2
Holgy, + Addy )
e | :
Now we upe ansatz: t—-K71T




and take the limit:
deX =0, Keree , K. X fixed.

We get a teduced action:
1 ' i 1 . i~ '
S=- jxﬂarwl +A4.d.x )——gﬁaax d.x
3 12

In our case:

QR{[[B,WI 9,8~ (1— y)cos69d, ¢]
ATT

(0,))°
i a 7 (o)
9 O [(1 y)( 1 p(y)

+p(y)[agﬂ ~cos® am} } '

2

A7
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Examplelof T

(An geiox-’a,' Pando-Zayas,

MK, :Str

Seff,':J"“
: X

A

F1eld theo

hssler et al. )
_[ cos@, ¢ +cosd, @,

fl@y7.)+ @, )]}

y:

Tr(ABABAB.. ABAB) SU@wSUI2Y

+ , = doublg

|, Tr (A*B°A°BY)

.FUI|

+
B A

X

A

/;,-n -

L
LABA

&
+
tof SUR)
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o Y(G) — sfope(o); B: conju.gatle of y '
Do s

. Effectivelmodel: (max and min slopes)




Hah gl 1-Pini)

Coherent $tates:

0= o exp(ipci'l)ai) U(Qt:' ¢f ’ Wf ) Ll
T pzi exp(iPJZ)ai) U(Qf’¢i’Wf) Lz

B Pl=1 py tpy

The cohergnt state action is

8= [de[im{0P,|0)~ [dz (OH|O)

which gives:
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' S=Qﬂ{[[af'/fl—*yafﬁ—(l—y)cos‘»@ar«?} .

47T

2

a2k

where

~ instead of | p_(y) -

(9,)

1 {(1 ~ )@, +

O, p(»)

+ p(y){aoﬂ ~cosé 3{;@"]2}}

a-ay +2y°
3(1— )

It is interepting that a string picture (and

action) for the operators emerges from the

~ analysis.

PVl ={Ys - YI(Y V)
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Metﬁc: (Cvetic, Lu, Page, Pope)

.
1. .

ds2=(1dwR+AJ
. 1

4. % a0 —3af+3xyd¢+é+3ﬁy—3x~3xydw
b (6794

b

2 :- 2 J e + i
ds w2 de +f(x)[1 Ydg+* yd;y)

& o ko )54
pz dv? g(y)[of—xd .——ﬁ—-:—{d. )2
e e |

p*=atB-ya-B)-2x
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_Fleld Thedry: Benvenuti, M.K.: Franco,
Hanany, [v"a: telli, Sparks, Veg,h, Wecht:
Butti, Fordella, Zaffaroni

A B
Example: 1Y T =1L 7/




In general |

P Ep n
gives L7
| Using a-njax one can compute the R-charges
and the ceptral charge. Everything matches.

- The paranjeters can be mapped from one

descriptioh to the other.
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Long chirgl primaries:

i

A 1 f..f:.i.:. ) Y
e \
- - —— - 1 o = e
: Bl 1 ' [ 1
it i - A
T | i L i iy
Bt i
k] :
e R Q
i,
L “ I r V
-
1r I :'s-l..-:' r 15 : ; l
AT i i i
4 ) A | . 1 f
| . A A 4 1
'

Q

H

can be mached to geodesics at the “corners”:

1] o

. |

T

i
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Cdnélus-i_ Ons
v
i.Masslless BPS geod. <> Chiral primaries.
e Non-BP$ geodesics <> Cuﬁent insertions.
@ Extende-i strings <> Long oper'aiors.

. EffeCtiw action emerges in f.t. Similar bilt
- .nc.)t _equail. t 0 .bulk eff. action.

[Palr

e Found dual gauge theories.
. Matchegl BPS geodesics with long chiral

primarigs.
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