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iy v notabout a N+1 flavor
protfectlon mechanism un
< gmnonrchuc > RS

Ouwflene:
« what v Flavor Trwvtality?
o my =2.1TeV (1 diof) covusistent w/EWPTy
c no <Wttle CP probhlem > & no- FCNCs

o exciting new collider(s)) plhrenomenology



Flavor Triviality in RS
ie. RS w/out flavor



RS in a (chest)Nutshell
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Anarchic RS

all YU,D ~ O(1)

by

solves Hhe SM flavor puzzle:
(withe Cquup ~ O(2))

My p ﬁ/Q YU,D fou)D

VOKM(J ~ J&oQi/ /Jaij

1-2¢ (K1/2)
1/krtr, (c=1/2)
(2c-Dexp]~(2¢-1) krtr,] (e>1/2)

where:  f?=




from flavor anarchy to triviality

flarvor puzzles are not necessordy related
to- the TeV scale.

eq.éi/QJ'Q—i/ J
e
wiat f we guwe we on e split fernmuon +
RS-GIM wleas unv RS?

ey|~O(2) = Np> 1034 TeV!  (eg from e
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Flavor Trivial RS

Uv YU,D WMW
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WL_)O(/)S/)(\/[__)IQ’R / (WR)C/R)
: /e/)HJT c/zl/Z :L O 0
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GF :SU(3)Q X/SU(B)U X/SU(3)D X/SU(B)L_ X/SU(B)E

«flayon» scalars : @y (34,3 0) & Pe~(3,,5¢)

« SM flavor puzzle solutow postponed to-the UV,
wiere GF — ApPProy. SU(Z)Q X/SU(Z)U wSU(Z)D X/SU(S)L X/SU(B)E
« hWierarchical Y <«<spdined > to-the IR by the P’y

« ol Lea, but w/ SM o e IR Rattazzi & Zaffaroni '00
(note: flavor sym force to- embed all 3 g-gen. un custodial reps:)



EW Precision Tests (in RS)
Anarchy Vs. Hierarchy



EFT entr’acte

* OLep ® <O>gm (1+0yp) — ‘ngl <1072 (precision tests!)
* Notwralness : Ayp~ TeV — EFT
« 20 (D=6) optratory <« measmnred > QLEP1+2:

gaunge prop: BWH’L\/\/WH, H’LDMH‘ (- S,T)
vertew corr. o (FY*AHDH, (Forr*HAH D, H  (Z - ff)
1y . ()Z;, IAVED (]752 Yuf2)s ()Z; M Hfy) (Jzz “Yuf2)  (ee— ff)

(+3rd. gen: quark effects: SU(3)>—SU(2)%xU(1)?)
« EWPT futting procedure:
Lymatel your beloved UV plysics to Ly
2) covustrain sy fundamentol paroameters (Ayp,..)
w? x?*-Uke analysis.

X?=2 (<0> - Oep ), (%) (<O0> - Oep);




EWPOs in anarchic RS

(v<<mKK = <H>=perturbation)

May et al. ‘O3

[++] KK = Z «cousing»
[-+] KK = non-SM broken gew.

vZ o [2+] VP

no- WBH?2! ovdy arises @O(v/my,)*
T[++] + T[_+] ~ 0O SU(Z)\/ at work

fF=wd s, brse,m,t
-Q5f

[++] KK 2 Quf(fy? ~ kerer, %) e =
[-+] KK : Qg fp2= O

]L:b/L (QZ:Q[—+])
_sz/
[++] + [-+] = orcr

ohligue vertex corr. <> ST shlft

PLr ot work

—  expr suppressed, no 4!



EWPOs in flavor trivial RS

[++] KK = Z «cousing» (v <<mKK — <H>:P’WW/)
[-+] KK = non-SM broken gen.

W KK W.,B

f = M/,O(/R,S/R;C/; b’R5 CroMroTR
[++] KK 2 Qf(fip? - korcr, #)~ Qo ff?
[+] KK : Qg fip? ~ O(2)

frenptdysbr (Rz=QRr-)

-Q,”
[++] + [-+] = P r also at work




Loop corrections to EWPOs

radiotwe covr. are umportont! May etal '03/Carena et al. 06

* T&Z,, ,, ore finite to- all ordery (cvstodial SU(2), » P z)
¢ S iy L-loop finite 5D for bulk H

'H

(5D)NDA
~  gs Y B, W H® ~ finite !
W B s s Puv '
3 -1 + -1 +5/2+5/2+3 =6

H |



Loop corrections to EWPOs

radiotwe covr. are umportont! May etal '03/Carena et al. 06

* T&Z,, ,, ore finite to- all ordery (cvstodial SU(2), » P z)
¢ S iy 1-loop finite 5D for bulk H

'H

(5D)NDA
2 4 2
y o > ~  9s Y5 B, WW H™ ~ Log A, !
= -1 + -2+5/2+5/2+3 =5
H,
suppressed (ay it showldl) for perturbative Y,
(nmmeritcally ~< 20% correction)

« otiher loop corr. ave wnimportant
(supressed. by smaller Y's or gaunge cowplings)

| we add rad. corr. from 2KK-levely @1 loop |




Loop corrections to EWPOs

WVo=5/3,2/3,-1/3

by,




¥ fit results

o we (re)did e EWPT ff for anacihic RS (most precise to- date):
@26: MmKK > 4.6 (3.9) TeV for 1(3)dof
— U the celebrated anarcihvice RS model visible ot LHC?

° FLa/V'O'V TVM/{ZILQ ﬂ/k VVVKK)C/-{—)%)C/Q?,)C/Q(,)C/M,{/)C/O{,{/)OL_JO@ (6 WWWW

We fund: FTRS provides o better fut o the SM (w/my =3.9TeV)
X2/ Aof) o =219.9/232 ~0.95 ~<& (x2/Aof) prpg = 217.3/223~0.97
= 26 lower-bownd o my, > 2.1 (1.7)TeV  for 1(6)do-f

WY/ sweet-spot povometers:
Cos =0, ¢ RO.47, ¢, =0.6, ¢4, ®O.51,
¢ ®0.48,¢,%0.5,¢,, ~-0.5, ¢, 0.7

w, sghtly prefers compositeness




X2 fit results

2 2
Xmin — XSM

W mass 37 0.12

7 line shape & lepton Apg 2.47 —2.74
Z pole b&c quarks

st hadronic charge asymmetry

W mass . .. .
Lt"}?ltd_rllll_“’ ]TH_Fl'dl‘lZEit-lull ilh’_“."llllllf.’t-l'll'_'ﬁ

Z pole

Deep inelastic scattering —0.12

Z. pole b/c quarks

Atomic parity violation 3.28 0.11
2

total Ax LEP2 hadronic cross-section —0.97 —1.00
LEP2 mmon pair 0.03 —0.03
LEP2 tau pair —0.03 —0.0m
OPAL electron pair —0.02 < 1072

L3 W pair —0.11 —0.06

7 pole s quark 0.09 —0.02

LEP2 ee—bh 3.2¢ T —1.47

LEP2 ee—ce —0.10

Total 4




Improved naturalness?

need to- Ut Hhe modlel to-a PGB Higgsy ~ SO(S)/SO(4)
— no LitHe Wierarchvy problem

here my, o Log/\, bt can estimate my, fune—~tuning by:
FTKKz (V/W/KK)Z (G-WMWW\@ VV\/I,VW*O')C)L‘QH VV\KK, V\'O‘f'/\)

FTug ~ 10% (2%) for flavor trivial (anarchic) cose

buwt low my, hay a price = sersituity to- oy
FT. = |ologmyy/dloge] *(=01) - |Alogmy/Aloge] ™ (ac~g7/16m2)

FTey g ep ~ 5% (20%) for flavor trivial (anarchic)

how- fo- combine Hrem?? Lefs take Hre product
— FTRS <«<seems» asy unnatural ay anorchic RS, bt my ~2TeV!!!



Flavor & CPV Physics
FCNCs+EDMs



RS flavor structure

Agasie et al. 'O4
G =SU(3)4 »SU(3), »SU(3)p »SU(3), »SU(3)e

Spuriony : YU,D ~ (3QJ~%UJD) & Cqup ™ (3>°g>Q,UJD
FT leads to- ~ SDMFV exparsion (Randall& Perez ‘O7):

(Ravor universal, (=Q,U,D) Nso

Co = Sols+ Bl YoYU+ BoP YoVl + O(Y%)
Cup= Xupds+Pup YELJ,DYU,D + O(Y4>

Y.~ O(1) so higher powers of Y, are important — G(eneral)MFV!
(Likewise for the down sector Uf Y, ~ O(1) (<large tand in SUSY)

GMFV v d-sector comes w/ o new CPV plrase (dimumon anomaly?)



Flavor trivial flavor physics

Co = Sols+ Bl YoYU+ BoP YoVl + O(Y%)
Cup= Xupds+ Pup YZ,DYU,D + O(Y4)
MU,D =~ V’/'\/i F_C';Yujpr’-u)p

NDA — o, ~ O(1) bt carry different <« PQ-Uike > clrarges
wnder vartouws U(1)sy — hierarcihies among themwm are notural)
Low-tanf: Y <Y, = wup alignument : [M,Y ]=0

- YU = AU) YD = \/57\D VV'/ \/512 ~ va ) \/513).23 ~ VQVWW
(rq = fas/fo1~2-3)

(+ RH cvwrrent rotation ~ Wvou)y/va)

lawrge tonf: Y ,~O(1) - more wwolved , but gualitatively He
same + new CPV plase!




FCNCs

o approx. SU(2)sup = noi=1,2 FCNCsy — no ¢, problem
(ex suppressed by rp*mymy /my?)

o fAavor changing Huoughv 3% gen ondy — By, maxingy

0,= (TQ’L yHol) (TQ’L Yud)
O4= (brdy) (brd)

Cam=g* 2/ (v E) VNV [feqs™ feai?T?
Camg™ 2/ v P (VaV ) (i /) (r® =Dl fes® ~feal’] Ufn? ~fei’]

Clow-tonfp: C, dominates - flavor+EWPT: my, >2.4TeV (1dof)



EDMs

~ aligned w/ My - real !
(simudarly, no- Weinbherg op:)

e
- OLW = ¥ Y_{,Z '8 szﬂ/z
1 61t* Iy, *

~ 0.47 dEXP  finel

(Hg and TL are evenn smaller)



combining EDM+¢, in anarchic RS

n-EDM bound : myy > (3.6TeV)Y (from s-EDM) NEW!

o+ €K bound : myy, > (8.5TeV) g*/Y  (bulk higgs, B=0)
Gedalio et al. ‘09

combining them + optimizing the overadll Y scale ylelo:

My > 9.6TeV (for Y~2.2)

there B a big <lttle CP problem > unv anarchue RS!



(Extraordinary!)

Collider Phenomenology
@ Tevatron & LHC



FTRS ultra-visible @hardron colliders

« BEST RS stgnature = KK-glnon production
suppressed un anarclhic RS
v G I(Gﬂl@ thwough «<r-p maixing>)

- g :g*( 1 _ fZ)
W krtr, 197 T 40 0(1) i FTRS

Py
rouwglhdy speaking:

@7(14)TeV LHC : Gy = 0.04(6)f in anarciic RS w/ my=4.6TeV

However, thanks to- PDFy 1 Gy & G,/ v >

@7(14)TeV LHC : 6y = 3(500)ph! un FTRS w/ my =2.1TeV

— FTRS cowld gwe a ~103% events by the end of 201.1!!
« FTRS other signature = flavor gounge bosonsy @~TeV



top forward-backward asymmetry @tevatron

e AFB‘@ODF = (1581'72(%0%'_"17(54:;%))% (#r%z{'fm/mz/)
wihile Aggismenco = (5.810.9)% — ~20 deviation

g» ISR/FSR nferference
«  mpossiple to- generate Agg v anarciuic RS:

>/rmm-< M glnon/ KK -glnon untferference

V-9-GH = gu(vy, +¥sty) = Arg|rs X M 04

/, O 0 = O v anariic RS (f2,,55~ O)
= fea” = fear®V2 | 4 2 0(1) i FTRS (f2ep~ 20-1)



top forward-backward asymmetry @tevatron

PRELIMINARY

Mygg = 1.7TeV
Mgy = 2.1 TeV

0.3

... bt FCNCy erdnanced by (9%/3)>~4 andl mKK>>2TeV

solution, make YD>>YU — down alignment [Mp,Yp]=0 — no- FCNCs
(bt no- 2 anomaly)



An excess of high-pjets @CDF?

#jety around my,, CDF Run Il Preliminary

Midpoint R=0.7, 400 < ;-'1‘“ <500 GeVic, 0.1 <11 < 0.7,

pl* = 100 GeW/ie, m'™® <100 GeW/c?, 5 =4
T MET

observecd : 103
SM expected : 75
+/ - ?2(syst)

— ~36 dervtatron
blesseo last nigit !

©
>

@
e
=

dN
jet
jet dm

L

G (pTr400GeV) < 54 flp @95%CL

FTRS @1.7(2.1)TeV — 6, (pracoGev) = 24 (9) fo! (w/ ¢, =0, 9°=69,)

no- hope uv anarcihuice RS, my, too hugh !



Planar Flow

how-to- separate NP from QCD eventy w/ havd jets?
— look ot energy distri: w/un the high—p4 jety: planar flow-

b 4 (myy ~ ""‘%yy)
y (radiated) g
v/’9 ' o
top jetsy

LO QCD jets (PF ~ 1)
(PF<< 1)

CDF Run Il Preliminary
Midpoint R=0.7, 400 < p'r"‘ =500 GeV/c, 0.1 <™ <0.7,

140 = m'™ < 200 GeV/c?
———— Data (all jets)

Systematic Uncertainties
........... QCD, Pythia 6.1.4
wan ttbar, Pythia 6.1.4

CDF looked @jets
w/ 400 < p+ <500 GeV

-
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—
o
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-
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04 05
Planar Flow'!




Planar Flow from FTRS

KK contribuwtion : my,=2.1/1.7, TeV g7/9,= 6, ¢, ,=0)

Planar Flow (R=0.7, 400<p”'<500 GeV/c, 140<m’*'<210 GeV/c?,n|<1.0)
e

S ---m=-== QCD jet

0.12 . QCD+top jet(SM)

QCD+top jet(FT with M =2.1 TeV)
0.1 KK

—a— QCD+top jet(FT with MKK=1 .7 TeV)

!
PN NS ——
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Planar Flow™ (Pf)




Like-sign dimuon anomaly

2%
0670' B"’d’ b N+ - N--
- ; i
X 7/% ASE o RO Uf cpv
+

* Asljepp = (-9.57+2.51(stat2 1.4 6(syst))x 1O
W{’M/L@/ ASLISM ( 2— 3+05>X/10-4 — 35.20 OL@VWV\/

* f confirmed — need new CPV sowrce beyond KM piase!



hy

Like-sign dimuon anomaly

: : . A s :
NP contripuwtion to- B, miging: Mlyz :MizlsM [T+ gerpp(lo, )]

0.7/
05
o.4i
02

0.1

CL

P
P4
) ,,/f/

===-(0.9973 |
-= 0.9545-
0.6827

ya

15

20
Ligeti et al. ‘10

25

doto. fovorsy CPV v B!
need O, to- dominate over O,
w” ¢, =0.49, ¢z = 0.35

OK withun 26 !



Conclusions



Summary

o updates on anarchuc RS:

— most precise bouwnd. from EWPTy @ my  >4.6TeNV (nwvisible @LHC?
— bigger «<little CP problem > : fromw nEDM+e, my >9.6TeV

« deconpling flavor from TeV scale provioes:

- =2TeV KK-glnwon wltra visiple @LHC (possibly by ‘12)

— Umproved naturolness? (need to- look at pGB-higgs, but promissing)

— no FCNCs, no- Little CP problem

— WWWW)%V o anomaly, o Apg asymmetry,
planar flow, #lhugh—-pT jety @Tevatron

are we already seeing RS?



Thank yow !



miscellaneous



