Holography:
a tool for the LHC
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Use Holography




e ano a holographic model of haodrons.
Erlich, Katz, Son and Stephanov. PRLIS (2005)

Chiral symwmetry breaking from five dimensional spaces.

Da Rold and Pomarol. NPBRF21 (2005)

(nterpolating between Low and high energy RCD via a 5-1 YM meodel.
Hirn and sanz. JHEP 0512 (2005)

A Negative S paraweter from holographic technicolor.
Hirn and Sanz. PRLIF3 (2006)

The Fifth dimension as an analogue computer for strong lnteractions at the LHC.
Hurm and sanz. JHEP???
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Holography works
e

we apply Lt to

"

Explore the pheno




We have checlkeed that

Hologyaphy

Works for

RLCD




Hu. .. let’s see...

what do we kRinow about 4D RCD?

many things, but in particular...
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Hu. .. let’s see...

what do we kRinow about 4D RCD?

At high energles scale invariant, except NP 0{@ namlies, Conoensates

(GG),(qq) ... #0

OPE expa NWSLOWN

Mops(Q) ~ Nelog(Q), 258t aetddl

Global symumetries of RCD? Chiral Symmetry

_ SU(Ny)L x SU(Ny)r
broken by <qq>
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Let’s try the stmplest thing tn 5D

Scale lnwvartant — AdS

ds® = w(z)?(dz? — dz?)

then 2 — AZ Q%Q/A

Q Conformal
Lnvaritance

Q) ~log(Q)  AdS

LVarLance
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Let’s try the stmplest thing tn 5D

Scale lnwvartant — AdS

But wait!
| thought thadictionary had an entry

“weak in 4D, strong in 5D”

RCD at high energles Ls weak, right?

v

NO 5D wen l@tg cm/qsted descrlptlom




But before Letting it go and golng

howme...
We use the correspondlence J,u = qVuq <— A'u

the actlon Ls 5D YM

S = f \/§d533 (F]%/[N)




But before Letting it go and golng

howme...
We use the correspondlence J,u = qVuq <— A'u

the actlon LS 5D Y'M, ano we Lose control when h.o.

“weak in 4D, strong in 5D”

ln reality, “at scales around A v stuele!”

g\ All that goes for the ‘t Hooft coupling,
we're still in the large-N !




But before Letting it go and golng
hone...

BUT

I AdS/CFT all the computations are ON-SHELL
D?F ~ F

S=[gdz FJ%/IN—I_fz:zIR d*x Fi,/

n general A, fields may They may see a

couple to other fields - ditferent effective

meetrie

Cuble terms DO receive corvections  FS |, (DF )2

A2 [ A4 FI...
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Scale lnwvartant — AdS

RUArk condensate

—\ 2
asg]é]> >Oés <qq>2 26
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Scale inwvariant — AdS
Ruark condensate — s bulk scalar

Chiral symmetries —  Bulk gauge symmetries

SU(Nf)L X SU(Nf)R

VM,AM 0.4 LM 0
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Let’s try the stmplest thing tn 5D

Scale invartant — AdS
ruark condensate — s bulk scalar
Chiral symmetries —  Bulk gauge symmetries

Chiral symametry breaking . bulk scalar couplings

AM Couples to X(Z) ~ 23




Let’s try the stmplest thing tn 5D

Scale invartant — AdS
ruark condensate — s bulk scalar
Chiral symmetries —  Bulk gauge symmetries

Chiral symametry breaking . bulk scalar couplings
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Let’s try the stmplest thing tn 5D

Scale invartant — AdS
ruark condensate — s bulk scalar
Chiral symmetries —  Bulk gauge symmetries

Chiral symametry breaking . bulk scalar couplings

5D parameters 5D wmodel tn AdS

(A, B, ll) X(Z) Chavoeod wnoer the bulik

4D parameters 1 SU(Nf)L X SU(Nf)R
and Mx chosen to

X(z) = Az + Bz3

f7r7 Mgy, <QQ>
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Awnd the vesult Ls...

Agreement
to the 10% |

A

it ls a 3pt function!
4% Erlich et al PRL95 (05)




Even though RCD Ls NOT

Supersy AVALEYLE

(very) Lavoe NC




Even though RCD Ls NOT

Supersy AVALEYLE

(very) Lavoe Nc

BUL seems to be quite conformal

Substitute X(z) bg Newmanin, Dlrichlet BCS

and the agreement Ls still

157

Hirn & Sanz. JHEP 0512




News from last 2 Yyears

You can apply tHolography to RCD

anol Lt worlkes!







Holographte Technicolor

Hirn & Sanz. PRL95(06)




Let’s start again,

5D model L AdS,

UV brane g (R brane




Let’s start again,

5D model Ln AdS, LR bullke

SU(Ns)p x SU(Ny#)r 4D Custodial symmetry

N

Agashe et al.

Csaki et al.




Let’s start again,

5D model in AdS, LR bulk, some X (2) ‘s

SU(Ny)r x SU(Ny)r

AS Ln RCD

Couple tddys  andns




Awnd here Lt Ls,
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5D model in AdS, LR bulk, some X (2) ‘s

SU(Ny)r x SU(Ny)r
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Does Lt meamn We can oo
whatever, and get whatever?

APPa remttﬁ,

YES

(n detatl,

NOT VeaLLg




wWhat arve the rules?

1. What‘s the valid appmxlmat’wm?
Always large-N

(weak coupling in 5D)

No Localized kin terms to ptag with




wWhat arve the rules?

2. NDA for the condensates

NDA Background flelds=—s Natural potential
X(lp) ~ 7=
0 lo

How many of these condensates X;'s we have to
take Lnto account?

XdNZd




what are the rules? g . oq 2z2¢
w(z) (1 " 2d(d—1) 124

Z
1 . towards IR

2. Coefficlent Lrvelevant as d grows




What are the rules? At the end of the day...

1. Large-N (5D weak coupling)

2. Pheno relevant condensotes

Jus‘c Low ol

03,05 ~ O(1)




Technical po'w\,t




Technical po'w\,t
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S Now we Rinow the rules

Let’s Look at the
phenomenology




?" 5D model dual to Technicolor?
°
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?" 5D model dual to Technicolor?

Problem with the S parcmeter!

m

1

S= +3 (log (& - %)) = -0.13+01(PDG)




?" 5D model dual to Technicolor?

Problem with the S parcmeter!

2 %)) = —0.134+0.1(PDG)




?" 5D model dual to Technicolor?

Problem with the S parcmeter!

what's typleal value for S in TC? (rescaled RCD)

N
Stree

47
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?" 5D model dual to Technicolor?

Problem with the S parcmeter!

Wwhat's t@p’wat value for S tn TC?

Stree ~

what's the value tn pure AdS?

Csakl et al.

> ()

Barblerl et al.




?" 5D model dual to Technicolor?

Problem with the S parcmeter!

/ Low N




?" 5D model dual to Technicolor?

Problem with the S parcmeter!

1. S decreases

OB IN 2. blg IR kin terms




?" 5D model dual to Technicolor?

Problem with the S parcmeter!




?" 5D model dual to Technicolor?

Problem with the S parcmeter!

/ Lot N

Stree — % > O == “flat” fermions




?" 5D model dual to Technicolor?

Problem with the S parcmeter!

/ Lot N

N

Stree — E > O §>”{Lat” {éVVVL(:OVLS Flavor ”S




?" 5D model dual to Technicolor?

Problem with the S parcmeter!

/ Lot N

Stree — ﬂ > O §>/’{Lat” {8\/%(//0%&

47
\ RCD-LLke amnswey?




what's the value of S in HolRCD?

w

Gauogephobic Higos

X (z) aovqsLesJust
to the Axial




what's the value of S in HolRCD?

S Ls positive S varles with the

ano oroler axial conolensate
3/4 pl

Gauogephobic Higos

X (z) couples just
= tothe Axial




Wittem's

positivity <:

conditlon




value/sion of S tn HolTC?




value/sion of S tn HolTC?

L 248 Sepice bgj

AnY SENSL @wdd

lth S=07?




Things that DON'T work

A0S

AdsS+oaxial
condensate

RLCD
“foctorization”




Things that DON'T work

A0S

AdsS+oaxial
condensate

RLCD
“foctorization”
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p(z) X(z2)
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Neutral, couples Charoed,
to gravity EWSE



A sbmple thing that DOES work

p(z) X(z2)
|

Neutral, couples Charoed,
to gravity EWSE

Nown- 2
tﬂCM50VLLCﬂ ﬂ v > O

0i:0€.<0 0§>0




A sbmple thing that DOES work

p(z) X(z2)
|

Neutral, couples Charoed,
to gravity EWSE

Now- 2
tﬂCM50VLLCﬂ ﬂ vT > O
Oﬁ — 0?} <0 OX > ()

4

oy < 0,04 > o0y



oy < 0,04 > o0y
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Consistent with
negative S ano
Witten's
positﬁv’utg
condition

oy < 0,04 > o0y




’IIIIII

Consistent with
negative S ano
Witten's
positﬁv’utg
condition

oy < 0,04 > o0y




f we can't predict S,

what con we odo?




f we can't predict S,

what con we odo?

Covrelations }fw/ega\t&\\/e S anot

spectrum, couplings...?




Fovr exa mpt@,

Either
degenerate or
verted (axial
thewn vector)

S=0 lLne




Holography tested on RCD

Rules of the game:
'LW@@—N
‘NDA for condensates

uadvatie qua WELELES

Rich Pheno (wealetg couplent
600 GeNV-1 TeV reSonances)




coquosite H

Gauoephooie H




anol a technteal polt/bt

from RCD to TC...

SU(Ny)r x SU(Ny¢)r
SU(2)L X U(l)y D

UV sources now
DYNAMICAL!

//

4

In QCD no dependence on lg
but TC different



