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The best of times

LHC is exceeding expectations

SM Higgs like state at > 5 O, | 25.5+] GeV

/ & 8 TeV searches beginning to corner
the most motivated models

Early casualties*: 4th generation,
fermiophobic Higgs, techni-color, ...

*terms and conditions apply



4th July 2012

We have discovered a new particle
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4th uly 2012

We have discovered a new particle !
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4th July 2012

We have discovered a new particle !

Is it the SM Higgs?

o Quantum numbers: JF¢? SU(2)xU(|) charges!?
o Elementary scalar or composite bound state!
o Part of an extended sector!

o Portal to SM-neutral new physics?

What screens the quantum
corrections to its mass?



Just the SM Higgs
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Just the SM Higgs
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MHiggs
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Just the SM Higgs

Bezrukov et al '12, Degrassi et al "[2
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o very likely meta-stable

o not fully clear if
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meta-stability:
life-time of the SM vacuum is longer
than the age of the universe



Example: SM + Dark matter

Cheung "2
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... think of SM + bino (DM) + higgsino



Example: SM + Dark matter

Cheung "2
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Example: SM + Dark matter

Cheung "12

1
SM + 5mss2 +mpDD® 4+ ysHSD + y5H S D"

... think of SM + bino (DM) + higgsino
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Example: SM + Dark matter

Cheung "12
1

SM + §m5S2 +mpDD® +ysHSD + y5H S D"
... think of SM + bino (DM) + higgsino
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direct searches ok
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Example: SM + Dark matter
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Cheung "12
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relic abundance ok

Higgs instability
scale



Example: SM + Dark matter

1

Cheung "12

SM + §m532 +mpDD® +ysHSD + y5H S D"
... think of SM + bino (DM) + higgsino

mg = 250 GeV, mp = 500 GeV

direct searches ok
(Xenon100)

relic abundance ok

Higgs instability
scale
... very different



s it the SM Higgs!?
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Photons are high, taus are low, WW&Z/Z just about right.

Error bars still sizable. More data is coming in quickly.



s it the SM Higgs!

Vary couplings to Vectors + Fermions:
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A light Riggs is unnatural

V(h) = eA*h? + \h*

For ¢ =4 O(1) (hy = E)\

Need: VE ~ mw /A



SM UV sensitivity
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SM UV sensitivity

1 me ma
Vree — = 2 h2 | hhS | L h4
t th v v

~ (100 GeV)? h? + ...

fine-tuning!

Viz & (15 — 100 + 9.5 ) - (100 GeV)? A2

SU(2 to higgs
2) ° - A =10TeV



e ~ O(1)

<H>=0

generically

‘out we need e ~ —0(1)
(H) = Vehuy (H) ~ Ayv



Which principle can stabilize the
electro-weak scale?

Strong dynamics/ c T |
compositeness! VLM B

Higher Dimensions? SM{) ©>SM

M, ~ vEw  Locality

Supersymmetry!?

Lack of principles! Anthropic! Non-Wilsonian EF T



Let’s look at the data
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LHC summary:
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Rules of thumb

* no MET, mostly w/ SM like couplings

QCD EW
Scalar >2.6TeV > .6 TeV
color octet Higgs-like
Fermion > 700 TeV > | TeV
double prod. (b) single prod. (vector like, v/mq coupl)
Vector > [.9TeV >2.5TeV

RS KK gluon, giy— tt W'/ /"= ee,mumu



Status of SUSY
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MSSM and the |25 GeV
Higgs
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MSSM:

MSSM and the |25 GeV
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MSSM and the |25 GeV
Higgs

t
¢'—).“, /‘-).~s
.

Quadratic term from stop

~N

_Mmixing
i (i)
\Mé 12M§)

more: Haber, Hempfling, Hoang, Ellis, Ridolfi, Zwirner, Casas, Espinosa, Quiros, Riotto,
Carena, Wagner, Degrassi, Heinemeyer, Hollik, Slavich, Weiglein



|25 GeV

MSSM vs. mH
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Colored Susy > TeV !

ATLAS SUSY ¢

arches* - 95% CL L«

colored sparticles

ver Limits (Status: SUSY 2012)

o MSUGRAICMSSNI 0 16p + 5 ¥ E; .. " [isamavevimiasconarabe
2 MSUGRA/CMSSM : 1 lep +'s + E; s, |L=581b", 8 TeV [ATLAS-CONF-2012-104]
S Pheno model : 0 lep +j's + E; iss [L=5.81b" 8 TeV [ATLAS-CONF-2012:109]
3 Pheno model : O lep +j's + E; s |L=5.810", 8 TeV [ATLAS-CONF-2012-109]
2 Gluino med. %" (G—qtx ) : 1lep +j's + E . [E=4716" 7 TeV [ATLAS-CONF-2012:041]
3 GMSB : 2 lep (OS) +|'s + E7 s, |L=47 16", 7 TeV [Preliminary]

2 GMSB:1-21+0-1lep +j's + ET,mlss L=4.7 fb™, 7 TeV [ATLAS-CONF-2012-112]

.............. e BOMa B |1t 7 Tev iamias-cONR 20120721

§—>b'5'i: virtual E)N: Olep + 1/2b-j's + E s
23 g—’—:bbxq_&)/lrtual b):0lep+3 b-j_:s +E s
§ 2 _ g_>l8b>(.1 (realb) : O lep +3 b-! S +E s
53 %etf%éo(wrtualtl 21 lep +1/2 b-!:S + Eq s 1
< E g—tiy, (wrtgjal Tt) : 2I~eP (SS) + _!’S + Eq s |L=581",8 TeV [ATLAS-CONF-2012-105]
S 8 ~ —>tf§<1 (virtualt) : 3 lep +j's + E
g % gjtfiLgvirtual t) : 0 lep + multi-j's + E s [£=58 fb™, 8 TeV [ATLAS-CONF-2012-103]
g—tty, (})/irtual t):0lep+3b-j's +Er

________________ Gotly, (realD) : 0lep + 3 'S + Er s

bb,b,=b%, : 0 lep + 2-b-jets + Er s |L=47 1™, 7 TeV [ATLAS-CONF-2012-106]
$£ S _ bb, b1—>tZ; 13 lep +j's + Ep g |L=47 17,7 TeV [ATLAS-CONF-2012-108]
‘é § ot (vgy light), t—>bij 12lep +Ep o |EEAT fb™, 7 TeV [CONF-2012-059] 135 GeV
@ S t,L (light), t_:bij ~;01 /2 lep + b-jet + ET,miss L=4.7 fb':, 7 TeV [CONF-2012-070] 120-173 G
‘q;)) % ,t.t., (heavy), l—>% :0lep + b-!et + ET‘miss L=4.7 fb_1, 7 TeV [1208.1447]
S 8 E(hea"y)’l_’tx :1lep + b-jet + E; oo |L=471b", 7 TeV [CONF-2012-073]
B tt (heavy), t—>t§1 12 lep + b-jet +E7 s [F47 fb™, 7 TeV [CONF-2012-071]

.................... t(GMSB) - Z(—ll) + brjet + E_ |E=2 b’ 7 eV [1204.676]

s “%E e~ |':1L’ —>I%m 2lep + Er s |L=47 fb_:,7TeV [CONF-2012-076]
L I v Fh ] i o
— 3l(lvv)+v : . =4.71b", Y

‘c: --------- AMgéX(zdlrect i? palr pr>(§1d) -:-Ib'ng-l-i\./gc’im )i{sf " |L=47 1b™, 7 TeV [ATLAS-CONF-2012-111] 2
g § Stable g R-hadrons : Full detector |t=4.7 fb”, 7 TeV [ATLAS-CONF-2012-075]
'E’ -% Stabl’g? R-hadrons : Full detector L=4.7 fb:, 7 TeV [ATLAS-CONF-2012-075]
Sa Metastable g R-hadrons : Pixel det. only [L=4.71b"7TeV[ATLAS-CONF-2012:075]

....................................... GMSB : stable T . |L=A7 15", 7TeV [ATLAS-CONF-2012-075]

RPV : high-mass eu
E Bilinear RPV : 1 lep +j's + E; 6
o BC1RPV :4lep + E; s

__________ RPV %, —> qqu i + heavy displaced vertex_

5 Hypercolour scalar gluons : 4 jets, m; = m,, |L=4.6b", 7 TeV [ATLAS-CONF-2012-110]
% Spin dep. WIMP interaction : monojet + E; s [£=4.7b7,7 TeV [ATLAS-CONF-2012-084]

L=4.7 fb™, 7 TeV [ATLAS-CONF-201 2-(184]
..................... . I I L1 1111
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Colored Susy > TeV !

MSUGRA/CMSSM
Pheno model

c1lep+js+E

:0lep+js+E

Pheno model : O lep +j's + E

Gluino med. %" (§—qfx) : 1lep +j's +E; .

GMSB : 2 lep (OS) +j's + E7 s
GMSB:1-2t+0-1lep+js+E

T,miss
T,miss

T,miss

§—bby, (virtualb) : 0 lep + 3 bej's +
G—bby. (realb) : 0 lep +3 b-j's + E 1 ies
Gt (virtualT) : 1 lep + 1/2 b's + Ep e,
§—>tfz10 (virtualt) : 2 lep (SS) +j's + E s
il (virtualD) : 3 lep +J's + Er e,

G—tly, (virtualt) : 0 lep + multi-f's + E e
g—tly, (virtualt) : 0 lep + 3 b-j's + E1

~

................ gty (real®) : 0lep + 3 b-j's + Ey s
bb,b,—=b7, : 0lep + 2-bjets + Ey e,
bbbty :3lep +j's + Ep e
it (very Iight),t—>bij :2lep+E
T (light), b : 1/2 lep + brjet + E;
it (heavy), L—>t§; :0lep +b-jet + E; s
1t (heavy), t—ty 1 lep +b-jet + E;
tt (heavy), t—>t§1 :2lep + b-jet + E i
Tt (GMSB)* Z(—ll) + b-jet + E
A Sy ARy
A Lo X, Iv(V)=lvy 2 lep +
________________ o, Bl(hvv)+v+2%)

T,miss

T,miss
T,miss
d.) : long-lived
Stable g R-hadrons : Full detector
Stablg? R-hadrons : Full detector
Metastable g R-hadrons : Pixel det. only

Bilinear RPV : 1 lep +j's + E; 6
BC1RPV :4lep + E; s

RPV ;Z? — qqu :u + heavy displaced vertex
Hypercolour scalar gluons : 4 jets, m;~m,,

Spin dep. WIMP interaction : monojet + E

Fermi scale

L=4.8 ib™, 7 TeV [ATLAS-CONF-2012-072]

T,miss -

..... T,miss -

L=4.7 fb™, 7 TeV [ATLAS-CONF-201 2-(184]

ATLAS SUSY ¢ arches* - 95% CL L«

colored sparticles

ver Limits (Status: SUSY 2012)

| | | L L
L=5.8 fb", 8 TeV [ATLAS-CONF-2012-109]

L=5.8 fb", 8 TeV [ATLAS-CONF-2012-104]
L=5.8 fb”, 8 TeV [ATLAS-CONF-2012-109]
L=5.8 fb", 8 TeV [ATLAS-CONF-2012-109]
L=4.7 fb", 7 TeV [ATLAS-CONF-2012-041]
L=4.7 fb™', 7 TeV [Preliminary]

L=4.7 fb", 7 TeV [ATLAS-CONF-2012-112]

L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-105]

L=5.8 fb”', 8 TeV [ATLAS-CONF-2012-103]

L=4.7 fb”, 7 TeV [ATLAS-CONF-2012-106]
L=4.7 fb™", 7 TeV [ATLAS-CONF-2012-108]

L=4.7 fb”, 7 TeV [CONF-2012-059] 135 GeV ass (m(:Me45 GeV)
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L=4.7 fb™, 7 TeV [CONF-2012-076]
L=4.7 fb™', 7 TeV [CONF-2012-076]
L=4.7 fb™, 7 TeV [CONF-201

L=4.7 fb”, 7 TeV [ATLAS-CONF-2012-111] 2 W )
L=4.7 fb”, 7 TeV [ATLAS-CONF-2012-075]
L=4.7 fb™, 7 TeV [ATLAS-CONF-2012-075]
L=4.7 fb”, 7 TeV [ATLAS-CONF-2012-075]
L=4.7 fb”, 7 TeV [ATLAS-CONF-2012-075]
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L=4.6 fb™', 7 TeV [ATLAS-CONF-2012-110]
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Where’s susy hiding!?

Compressed spectra (— Tattersall)
R-parity violation (— Hajer)

Natural Susy
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Natural EVWWSB & SUSY’

* valid for MSSM NMSSM, ...

Do not want tuning in (Higgs mass)?

2
mHiggs

2

= —|u|*+ ...+ om3

Dimopoulos,
Giudice/



Natural EVWWSB & SUSY’

* valid for MSSM NMSSM, ...

Do not want tuning in (Higgs mass)?

2
mHz’ggs

2

= —|p|®+ ...+ om7
Higgsinos

Dimopoulos,
Giudice/



Natural EVWWSB & SUSY’

* valid for MSSM NMSSM, ...

Do not want tuning in (Higgs mass)?
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Higgsinos
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stops, sbottomy

Dimopoulos,
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Stops (sbottom) + Higgsinos

M. Papucci, . Ruderman, AW

........ b .. tp
b/
___________________ ) ’
. ?D t o
t H:: _
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[:'IO

Stops can act as “sbottom” (bjet+X) !

Chargino-neutralino splitting irrelevant for present searches
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M. Papucci, . Ruderman, AW

Stops (sbottom) + Higgsinos

Left—Handed Stop / Sbottom
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Right—Handed Stop
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LHC surpasses Tevatron:

Strongest bounds from jets + MET




First Results for Direct Stop Production

tt, production: t,— b+§z* ';z-—> w+5° . (BR=1,m. <200 GeV); t,— t+x (BR=1, m. > 200 GeV)
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First Results for Direct Stop Production

T, production: T, b+x., ¥, W'+, (BR=1, m, <200 GeV) T, > t+7, (BR=1, m. > 200 GeV)
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kinematic variables with endpoints for background
arXiv:1203.4813 Bai, Cheng, Gallicchio, Gu

°

Spin correlations and rapidity gaps

€ near ruture (according to
Top-tagging boosted tops from stop decays
* arXiv:1205.5816 Kaplan, Rehermann, Stolarski
t e O rl Sts arXiv:1205.2696 Plehn, Spannowsky, Takeuchi

MET and My shapes

arXiv:1205.5805 Alves, Buckley, Fox, Lykken, Yu

estimated reach with 20/fb @ 8 TeV
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Higgs precision impact

glue, photon

Q
> glue, photon

stop contribution
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Higgs precision impact

glue, photon

Q
> glue, photon

stop contribution
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Higgs precision impact

7&8 TeV LHC data & Tevatron
glue, photon

Q
8
> glue, photon

stop contribution
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Degenerate squarks?

to appear soon with
M. Papucci, |. Ruderman (LBL Berkely)
G. Perez, R. Mahbubani (CERN)

Squark-gluino-neutralino model, m(i?) =0 GeV
I;'ZOOO_II I} I§||=‘I|I;:|II|I‘\III|IIII|IIII|IIII_
[0) = i | \ ATLAS Preliminary _
9 B : b \‘-\ Combined ]
% 1800 | , \ mmmm CL observed 95% C.L. limit —
g B ' \y--- CL, median expected limit |
v B I, ---\‘-\‘ ----- Expected limit +10 ]
< 1600 i [ J-ATLAS EPS 2011 —
8— B -.

N | A
1406
1200 |~
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800 [ \\ ~ Ogysy = 100 1B
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Do the |st & 2nd gen’ squarks
have to be degenerate!

8 dof

® Because of flavor constraints?

~ 7 ~ 7 Not really.
(U,d)[” UR, dR7 4

(C7 S)L7 CRy SR
(372)1/6 (371)2/3 (371)—1/3

Assumed spectrum in ATLAS/CMS plots



Fully degenerate



8 dOf (aad)La (57 §)L
({La CZ)L) ﬂRv JR? »
(¢,8)r, Cr, SR dr.
aR) ER

Vertical splitting,

Fully degenerate MFV & no flavor issues



Flavor dynamics: alisnment

Dynamics (e.g. U( | )noriz) generates hierarchies in

masses & mixings. Consequence: partial alignment
with SM

(QLQ1) e LT UG
Lihr




Flavor dynamics: alisnment

Dynamics (e.g. U( | )noriz) generates hierarchies in

masses & mixings. Consequence: partial alignment
with SM

(QLQ7) (TRuR) 4 ViYy
NP

Yy V!




L eft-handed (O, ): erther aligned with up or downs

Right-handed (ur, dr): can be fully aligned

e IR E



L eft-handed (O, ): erther aligned with up or downs
— limited splitting
Right-handed (ur, dr): can be fully aligned

— any splitting

e IR E



Back of the envelope estimate

Cross-sections roughly scale like ~|/m”é.

Example: 8 light squarks — 2 light squarks

Shift limit only by ~ 41/¢ — 1 ~ 25%

— €00 naive!



Dedicated study
needed

® Production cross-section can be flavor
dependent if gluino is not fully decoupled
through p.d.f’s (u vs. d, sea vs. valence)

® Experimental efficiencies for light squarks
efficiencies have thresholds and current
limits are on the thresholds



Squark searches

M. Papucci, . Ruderman
G. Perez, R. Mahbubani, AW

Effect of the efficiency threshold:

efficiency 1 Cross section
L T T I T T T I T T T Bl 10 ; N "\\ T T I T T 3
~ CMS 4.98 fb~! Hy =1000-1200 GeV | I 8 squarks |
1071 ' Hr > 500 GeV . 1o 4

~ ~
\\\\\ =
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\\\\\\\\ I squark -
\\\ _
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mg =50 GeV -
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Effect of the PDFs
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Effect of the PDFs
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Effect of the PDFs
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Valence squarks

can still be < 400 GeV



Motivation to go beyond SUSY?

| Take anomalies (charm, top Ars, B2 Kpi...)
) at face value and run with it.

2) Strong EVVSB vs. the hierarchy problem:
composite Higgs, TC, Randall-Sundrum,...
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| Take anomalies (charm, top Ars, B2 Kpi...)
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2) Strong EVVSB vs. the hierarchy problem:
composite Higgs, TC, Randall-Sundrum,...




strong
sector

Why is the Higgs light! 4,

Kaplan; Agashe et. al 1

G-GC’

Higgs as a pNGB .

minimal example
SO(5) = SO(4) ~ SU(2)L x SU(2)r

No pure composite effects,
vanish due to NG symmetry

)\2

2 2
myp, ~ 1672 Acomp

NG symmetry broken by
elementary-composite couplings:

A< 4



0: misalignment between gauged SO(4)
and SO(4) preserved In the quantum

corrected vacuum

Tree level: gauge SO(4) aligned

b = o T/ f

/0\
0
0
0

\1/

@ |-loop <pi> =0 *f

( 7))
sin(m/f) x | 7
\i* )
\  cos(n/f)

$
gauged SO(4) (v(y

Higgs
( M
sin(0 + @)/ f) X @Al
\1/

/

\ cos(0 + h(x)/f) )

eaten by W, Z1



Higgs fit ATLAS/CMS/ Tevatron

a:\/l—f

1 —(14+n)&
Q Cf — 1 B g
Montull/Riva

see also: Espinosa et al, Carmi et al,
Azatov et al, ...




Implications of mp= 125 GeV

Agashe et. al n
Coleman-Weinberg potential n
| d4 , Das et al '6/

_ p Sh =sinh/f

— _ 1 H _n H Sh S111
Viauge(h) = 3 / 2m)1 %8 ( o(p) + 1(19))

p2
o(p) =5 +1alp) . hip) = 2|1a(p) — Ma(p)]

[d*p11,(p)/To(p) < oo  require Higgs dependent
term to be UV finite

Pomarol et al: Marzocca



Implications of mp= 125 GeV

Agashe et. al

Coleman-Weinberg potential mr
| ) , Das et al '6/
S .
Vgauge(h) — 5 /(271_)4 10g (HO(p) + Zh Hl(p)> Sh = Sl h/f
2
Mo(p) = 5 +1a(p) . Th(p) = 2(Ma(p) ~ Tha(p)]

[d*p11,(p)/To(p) < oo  require Higgs dependent
term to be UV finite

‘\/\/einberg sum rules’ Pomarol et al: Marzocca

lim II;(p) =0, lim p°II;(p) =0

D2 —00 P2 —00



Minimal contribution (need at least two resonances)

fmim?,

o)
(p? + m2)(p? +m2))

[T (p) =



Minimal contribution (need at least two resonances)

fmim?,

P
(p? + m2)(p? +m2))

[T (p) =

Analogously for SO(5) fermionic contribution
Pomarol et al; Marzocca
i 2 2 2\
Ne |mi momg, M
2 | f2m2 —m? 2 2
i Q1 Q4 Qs ) |

similar result in deconstruction:
Matsedonskyi et al; Redi et al

5=4+ 1|  with EM charges 5/3,2/3,-1/3
Q4+ Q

m2 o

— solve for mp = 125 GeV



Light Higgs implies light fermionic top partners

m, =25 TeV , f =500 GeV

20 I =0 1y,

A A 2y gsg%@“

My [TeV]
on
|

115 125 135 145 155 165 175 185

Myiggs [GeV]

Contino et al 0/, Matsedonskyi, et al "2 ; Redi, Tesi 12; Marzocca et al ; Pomarol, Riva |2



Light Higgs implies light fermionic top partners

m, =25 TeV , f =500 GeV
25 . .

20 =0 1y,

A A 2y gsg%@“

My [TeV]
on
|

051 | ATLAS: T3

115 125 135 145 155 165 175 185
3 471/, 7TeV

[GeV]

MHiggs

Contino et al 0/, Matsedonskyi, et al "2 ; Redi, Tesi 12; Marzocca et al ; Pomarol, Riva |2



Three ways to flavor

Bilinear: ETC, conformalTC

Dimopoulos, Susskind
Holdom

Luty, Okui

Linear: partial compositeness
D.B. Kaplan
Huber
RS with bulk fermions
Agashe, Perez, Soni, ...

Total compositeness

ex: minimal RS
Rattazzi-Zaffaroni
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fﬁf—— =

D1m0poulos Susskind.__ T theorems

—— red Y ,
lﬁlﬁ!u?vo RychkoV et al ‘08

Linear: partial compositeness
D.B. Kaplan
Huber
RS with bulk fermions
Agashe, Perez, Soni, ...

Total compositeness

ex: minimal RS
Rattazzi-Zaffaroni



Three ways to flavor

Bilinear: ETC, cONFOrmalTC s

o

DlmOpoulos Susskind. ;. = theorems

= red Y ,
ﬂQ‘éﬁuf“vo Rychkov et al '08

Linear: partial compositeness
D.B. Kaplan
Huber
RS with bulk fermions
Agashe, Perez, Soni, ...

—

="Rattazzi-Zaffaroni



Three ways to flavor

Bilinear: ETC, conformalTC

Dlmopoulos Susskind, ., e Biliss=

re

7

Linear: partial compositeness
D.B. Kaplan

Huber
RS with bulk fermions
Agashe, Perez, Soni, ...

Total compos1tenesf u‘e RS

=2 p},

—;‘f"'
— =

Rattazzi-Zaffaroni



Partial compositeness

Fermionic operators can excite |
composite fermions at low energy: OlaIx)=Af

Analogous to photon-rho mixing e
Br(rho = ete-) ~ |07 TN
e+

Linear couplings imply mass £ = ¢ i@vy + x(i@ — m.)x + Af x + h.c.
MIXINGS:

rotating to mass eigenbasis: (‘D) = (Cf)w Sin¢> (‘b) tanp = 2
X siny cosp) \ x M,



It makes sense to invoke MFV
RS realization: Csaki, AWV et al;

RGCII/AW Delaunay et al; da Rold; see also
Barbieri et al
Y. R
€ERYp
qr UR
9p
1
Observed m; €ER = g_ > 0.1
P

Predict sizeable effects in right handed quarks
q of all generations

Q

P all possible resonances (Ex. massive gluon)

Q q




Mixing

LHCI14 will tell
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de Vries, Redi, Sanz, AW, in prep.

ATLAS dijet angular searches
[ATLAS-CONF-2012-038]

Dijet resonance search bounds
ATLAS 8 TeV 5.8 tb— 1 [ATLAS-
CONF-2012-088]

Vector resonance mass

similar plot from CMS



Light Fermionic Partners
deVries, Redi, Sanz, AW, In prep.

Two decay modes
q q
e R
q
g P ~
q

L = ﬁjg Qo+ 199Gy, three-body

chromo-magnetic (loop)

Both decay modes suppressed
and result In a narrow width



Search strategies

O O O O

O O O

QO O O

deVries, Red, Sanz, AW, In prep.

Four jet analysis CMS / TeV 2.2 tb—|
[CMS PAS EXO-1 [-016]

optimized for pair production of
two heavy resonances

Six jet analysis CMS / TeV 5.0 tb—|
[CMS-EXO-11-060]

Currently recasting analysis &
designing dedicated search



Conclusions

® Three main options after Higgs discovery:
1) SM 2) SUSY 3) Composite pGB Higgs

® |n the next years, naturalness is on trial:
stops or fermionic top partners!?

® Flavor trivial composite Higgs is very
visible, survives EWPT with large
compositeness: expect discovery/exclusion

by LHC | 4



Outlook

LHC parton now

luminosity

G. Rolandi, private comm.
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Light Fermionic Partners

affects dijet exclusions
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~lavor transparent
strong sector

w/ Michele Redl
arxiv: | 106.635/[hep-ph]

See also:
Rattazzi-Zaffaroni 'O/
Cacciapaglia, Csaki, Galloway, Marandella, Terning, AW. 0/
Barbier, Isidori, Pappadopulo '08
Delaunay, Gedalia, Lee, Perez, Ponton ' |


http://arxiv.org/abs/1106.6357
http://arxiv.org/abs/1106.6357
http://inspirehep.net/author/Cacciapaglia%2C%20Giacomo?recid=760553&ln=en
http://inspirehep.net/author/Cacciapaglia%2C%20Giacomo?recid=760553&ln=en
http://inspirehep.net/author/Csaki%2C%20Csaba?recid=760553&ln=en
http://inspirehep.net/author/Csaki%2C%20Csaba?recid=760553&ln=en
http://inspirehep.net/author/Galloway%2C%20Jamison?recid=760553&ln=en
http://inspirehep.net/author/Galloway%2C%20Jamison?recid=760553&ln=en
http://inspirehep.net/author/Marandella%2C%20Guido?recid=760553&ln=en
http://inspirehep.net/author/Marandella%2C%20Guido?recid=760553&ln=en
http://inspirehep.net/author/Terning%2C%20John?recid=760553&ln=en
http://inspirehep.net/author/Terning%2C%20John?recid=760553&ln=en

Rattazzi-Zaffaroni Model: JHEP 0104 (2001) 021

SUB)L ® SU(3), ® SU(3)4

qr, = (3, 1, 1) e — (1,3, 1) drp = (1, 1,3)

MFV realized If flavor symmetry is broken by two
bifundamentals:

Y, = (3,3,1) Y, = (3,1,3)
All quarks are composite, severe constraint:

m, > og, leV



Composite sector Is trivial w.rt flavor

A\ . .
Flavor ALd  ARd All flavor violation comes

>

Invariant from the external mixings.

Yu X )\Lu )\Ru

Yd X ALAARd



Composite sector is trivial w.rit flavor

A\ . .
Flavor ALd  ARd All flavor violation comes

>

Invariant from the external mixings.

Yu X )\Lu)\Ru
Yd X ALdARd
Simple realization of Minimal Flavor Violation:

mixings ~ SM Yukawas



* | eft-handed compositeness:

Aru X 1d, Arg < Id SU(3)F

_|_

ARu X Yu s ARd X Yd Ly,Lp,U.D € 3p

* Right-handed compositeness:

)\Lu X Yu )\Ld X Yd SU(B)U X SU(S)D

_|_
Apo x Id, ARq o< Id Ly,U €(3,1) Lp,D €(1,3)



* | eft-handed compositeness:

Aru X 1d, Arg < Id SU(3)F

_|_

ARu X Yu s ARd X Yd Ly,Lp,U.D € 3p

* Right-handed compositeness:

ALu X Yy ALd X Yd SU(3)y @ SU(3)p

_|_
Apo x Id, ARq o< Id Ly,U €(3,1) Lp,D €(1,3)

Mixing of one chirality of

MV ight quarks Is large.



Flavor bounds are automatically satisfied.
No EDMs are generated to leading order.

L EP bounds,
I'(Z — bb)
_ — 21629 + .00066
Nz Sw)
I'(Z — qq)
R, = — 920.767 + .025
"TI(Z - pp)

Modified couplings strongly constrained

ORr . 09Lu 09 Ru

+ .11 + 1.28

— .

0GRy 0
O9Lu < 002 IRu 01 ILd o1
JLu JRu gLd

) )
ng_+.O4 JdRd

Ry, 9Lu 9IRu Jgrd 9Rd

0GRd

9dRd

< .02



Flavor bounds are automatically satisfied.
No EDMs are generated to leading order.

L EP bounds,
['(Z — bb)
Ry = = .21629 4+ .00066
" T T(Z = qq)
- IN(Z —=qq)
R;, = F(Z ~ ,LL,EL) = 20.767 £+ .025

Modified couplings strongly constrained

0GRy ) )
4 11298 4 g 9g%9Ld | 1y 2IRd
Ry, 9Lu 9IRu Jgrd 9Rd

— .

SgRY 5 5
%L _ 002 %01 ILINE 001 2IRNE 02
gLu g U g g

protected reps




Similar bound Is found from unitarity of CKM

Vial? + Vs> + V|2 =~ 1 — .7

Viual? + [Vius|? + [Vis > = 9999

5gLu
9Lu

- .0012



LH COMPOSITENESS:

YZ20? |
0g ~ Sy smgpg
Jo)

%910 _ 09 . Sin pr, > 35

9dLu mp

Strongly constrained and only possible it tR 1s composite.



RH COMPOSITENESS:

No bounds from LEP!

Main constraint from recent di-jet searches,

2T
£4—Fermi — F (QL”)/'UJQL)Q LHC A > 6 TeV
2
9 . » i - COMPOSITENESS . o 2 1 m,
477[;% i @un (Tha" ths Ths Ve P S P S (STeV)

Large or full compositeness is still allowed with m, = 3 TeV



It RH quarks are fully composite: MFV follows
automatically from the flavor symmetry.

(Only two possible mixings with strong sector).



LHC phenomenology

|) Proton is |/2 composite!
2) Decay patter 'n change






Spin-|: gluon, electro-weak; flavor resonances

! q g p
0
>’W +
q q

9pgq = g(sin® ¢ cot  — cos® p tan 6)

First term easily dominates for RH compositeness.



o(pp = p) [fb]

Gluon resonances:

anarchic vs. composite RH (sin=

1) (sin=0.8)
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Cross-sections > O(10) larger.
Decay into light generation can
be iImportant.
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L HC/ bounds already relevant:

o(pp = p— qq) [fb], LHC7
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L HC/ bounds already relevant:

o (pp - p— qq) [fb], LHC7,0.81 1/fb
'Ol /10000, 7 2200 200 >

Di-jet bounds 35/pb

compositeness

04 h
Atlas-Conf-201 1-08| 1500 2000 2500 3000 3500 4000 4500
Bump search 810/pb my(GeV) gp =3

Expected signals in di-jet.



L HC/ bounds already relevant:

sin(dp
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sin(ug)

0.6 -

Di-jet bounds 35/pb
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CMS-EXO-11-015 1500 2000 2500 3000 3500 4000 4500
| /Tb m(GeV) 9gp — 3

Expected signals in di-jet.



LHC 14TeV
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Atre, Azuelos, Carena, Han,
Ozcan, Santiago, Unel ’| |

C searches could probe fermions up to | TeV.
C 14 will erther discover or exclude the model.




Right quark partners produced by resonance exchange.

Twt(Pp = p — ¢i"q;) [fb], LHC7
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3-4 |et final states.



