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Importance of flavor at
high pr

Flavor can...

® Hide new physics: searches are optimized to
the flavor trivial case

® Render new physics more visible, but not in
the channels we are studying so far
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Jose Canseco JoseCanseco
higgs boson is lighter than i thought. Could it also have no limits in
dimension or time. think about that
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Colored susy

ATLAS SUSY S| arches* -

95% CL |
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colored sparticles

)wer Limits (Status: Dec 2012)

MSUGRA/CMSSM : 0 lep +j's + E; s [L=581b7,8Tev [ATLAS-CONF-2012-1L9] v g =I'§ mass
MSUGRA/CMSSM : 1 lep +j's + E; ;s [L=5:81b", 8 TeV [ATLAS-CONF-2012-104] gq=gma
o Pheno model : 0 lep +j's + E; ;. [L=5:81b", 8 TeV [ATLAS-CONF-2012-109] g mass (m ( ) <2 TeV, light) ATLAS
2 Pheno model : 0 lep +j's + E o [L=5815" 8 TeV [ATLAS-CONF-2012-109] g mass (m@) <2 Tev, Ilghtx ) Preliminary
S Gluino med. %" (G—>af) 1 1lep +j's +E, . ASS (m(x;) <200 GeV, m(;") =3(m(; 1+m(@)
& GMSB (INLSP) : 2lep (OS) +j's + E; gmass (tanf < 15)
2 GMSB (@ NLSPG%G:\/IZ(J + N1LISeIF3))+ I's + ET mice g mass (ianf >20)
@ ino YY + mass (m(x) > 50 GeV) — - -1
§ GGM (WInO NLSP) v+ Iep + ET ,miss fl_dt = (21 130) fb
= GGM (higgsino-bino NLSP) :y + b + ET s 1SS (M) > 220 GeV) Is=7.8TeV
T,miss ~ 1 ’
GGM (higgsino NLSP) : Z + jets + E o [L=5:81b", 8 TeV [ATLAS-CONF-2012-152] 690Gev QT (m(H) > 200 GeV)
________________ Qlje_l}/_l't_lno LSP : 'monojet' +E ... [£=1051b", 8 TeV [ATLAS-CONF-2012-147] 645GeV. F ~ scq (m@G)>10" &v)
e g—>bb>{j (virtual b) Olep +3b-'s + E , [E=1281b"8TeV [ATLAS-CONF-2012:145] 9 mass (m(x ) <200 GeV)
S —tf 1(V|rtual 1) :21ep (SS) +j's + E e, |L=5816"8TeV [ATLAS-CONF-2012-105] S (@) <300 GeV)
s £ 9= P J Tmiss 4 8 TeV results
g S —>ttX1 (V|rtual t) 3lep +j's + ET miss | L=13-0b”, 8 TeV [ATLAS-CONF-2012-151] SS (m(y, )<0 300 GeV)
© 3 9—>ttX . (virtual 1) ; 0 lep + multi-j's + E Tmiss | =58 10", 8 TeV [ATLAS-CONF-2012-103] 1.00 TeV ass (m(x,) <300 GeV) _
soe 9"“% ,jwr_tu_alt)_ :0lep + 3 b-j's + -E-T,-miss- L=12.8 fb", 8 TeV [ATLAS-CONF-2012-145] 1.15TeV ) mass (m G )< 200 GeV)
. bb, b,=by, :0lep +2- b-Jets + E; pigs |L=12:81", 8 TeV [ATLAS-CONF-2012-165] 620GeV. b mass (X") <120 GeV)
E é N bb~t2 —t7 3 lep + 'S + Ey s |L=1301b", 8 TeV [ATLAS-CONF-2012-151] 405Gev’ b mass (mc) m(x )
3% it (light), t—>t3;( 1/2 Iep (+ b-jet) + ET miss |L=47 67,7 TeV [1208.4305, 1209.2102167 GeV  Mass (m% =55GeV)
IS tt (medlum) t—>bX 1lep + b-jet + ET miss | L=13:0fb”, 8 TeV [ATLAS-CONF-2012-166] -350GeV. t Mass (my,) = OV, m(x) = 150 GeV)
g § it (medlum)o, t—>bx :2lep + ET miss |L=13-0 6", 8 TeV [ATLAS-CONF-2012-167] 160-440 Gev. t mass (mG B0 GeV, m() m(y;) = 10 GeV)
,g’ 8 t,t—=ty 1 Iep +b-jet + E; oo |L=13.01b", 8 TeV [ATLAS-CONF-2012-166] 230-560 GeV. t mass % =0)
S T, 1=ty : 0/1 /b Iep (+ b-jets) + E o [L=4.7 7,7 TeV [1208.1447,1208.2590,1200.4186] | S50MEEIGEVN t mass (m
____________ T (natural GMSB) - Z(-I) + bret + £ " GEEW Tmass (115 <m() b0 Gev)
- . LT |_>|X0 2lep + Eq igs |47 fb”, 7 TeV [1208.2884] | mass (m&:’) =0) _
= 3 KKy X1—>Iv(lv)—>lvx :2lep + ET miss |£=47 o7, 7 TeV [1208.2884] X, Mass_(m () 3 GeV, m(iy) = ;(m( )+m(x ))
w3 _Xz — | vl Jv), Ml |SV\’2 3lep+E Tmlss L=13.0 tb™, 8 TeV [ATLAS-CONF-2012-154] 5ao GeV| ¥ mass m(x L) m(x ), m(x )_o m(Iv) as above)
___________________ o ______(_) 13lep + Epys [L=130 tb”, 8 TeV [ATLAS-CONF-2012-154] 140. 5 GeV X mass  (mx;) = mil), m(x°) = 0, sleptons decoupled)
S DII’eCtX palr prod. (AM%B : long- Ilved X, X, mass (1<l )<10n
g 8 Stable g g R-hadrons : low B, By (full detector) ass
ém % Stable T R-hadrons : low f, By (full detector)
s3 GMSB : stable ¥ 3
........ %,.7>.99u (RPV) :u + heavy displaced vertex (0.3x10° <A, < 1.5x10°, 1 mm < o < 1 m,§ decoupled)
LFV: pp—>v +X, v.—e+u resonance V,Mass  (1;,=0.10, 1,,,=0.05)
LFV : pp—v_+X, v.—>e(u)+t resonance mgss (A31=0.10, 4, 5,5,=0.05)
> Bilinear RPV CMéSM Tlep+7j's+Eq e #2TeUl) = g Mass (et g, <1 mm)
S X1X ,.’,X1~ WXQ %0 weuv :4lep + ET’miSS L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-153] 700 GeV Y, nl MG o) >300 GeV, 1, 0r k., >0)
ILIL’I —>|X X —>eev eM\’ 4 |ep + ET miss L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-153] 430Gev | mass~ (m(x1 00 GeV m(I )= m( W=m(l), A o, OF Ay, >0)
....................... G- qdq.: 3-jef resonance pair . g mass
Scalar %Iuon 2-jet resonance pair |L=4.6 o™, 7 TeV [1210.4826] sgluon mass (incl. lif#8rom 1110.2693)
~ WIMP interaction (DS, Dirac ) -'monojet' + £_ BT fb“,sl'rev M O A i e IIW; fc S (m, <80 GevI limit of<687 Glevlfolr |38 | e
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Colored susy > eV !

colored sparticles

ATLAS SUSY S({ arches* - 95% CL | »wer Limits (Status: Dec 2012)

""""""" MSUGRA/CMSSM : 0 lep + | j SYE. L_sslfb BTIeV [ATLAS-CONFI-Z(:12I-1L9]
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T,miss ‘L =g mass
MSUGRA/CMSSM : 1 lep +j's + ET miss | L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-104] g=gma
Pheno model : 0 lep +j's + E; ., |L=5:81b" 8TeV [ATLAS-CONF-2012-109] g mass (m ( ) <2 TeV, light) ATLAS
Pheno model : 0 lep +j's + ET:miSS L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-109] g mass (m@) <2 Tev, I|ghtX ) Preliminary
Gluino med. %" (§—>a@") : 1lep +j's + E, . ASS (m(x;) <200 GeV, m(;") =3(m(; 1+m(@)
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GMSB (T NLSP) : 1-2t + 0-1lep +]'s + ETmlss
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................ , Gravitino LSP : 'monojet’ + Ev ;e
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Inclusive searches

L=5.8 fb”, 8 TeV [ATLAS-CONF-2012-152]
L=10.5fb", 8 TeV [ATLAS-CONF-2012-147]
L=12.8 fb™, 8 TeV [ATLAS-CONF-2012-145]
L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-105]
L=13.0 fb™", 8 TeV [ATLAS-CONF-2012-151]
L=5.8 fb™, 8 TeV [ATLAS-CONF-2012-103]
L=12.8 fb™, 8 TeV [ATLAS-CONF-2012-145] ) Mass (mfx ) <200 GeV)
L=12.8 fb™, 8 TeV [ATLAS-CONF-2012-165] (xo) <120 GeV)
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bV, m(y ) 50 GeV)

OGeVm() m(y )=1OGeV)

T,miss

T i
tt, t—ty 11 Iep +b-jet+ E ::zz L=13.0 fb", 8 TeV [ATLAS-CONF-2012-166] % =0)
it t—>t 77 1 0/1 /b lep (+ b-jets) + E . |L=47 fb™, 7 TeV [1208.1447,1208.2590,1209.4186]
T (natural GNISB) Z(—ll) + b-jet + E 30 GeV)

............................. R s s s s T miss -

1, |_>|X 2 lep + ET miss |1=47 fb™, 7 TeV [1208.2884]

> g 0%"){_1 _>TV(|V)—>|VX<D 2lep + ET miss |E=47 fb™, 7 TeV [1208.2884] I GeV, m(iv) = ;(m(x ) +mix, )))
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Natural EVWSB in times of austerity

Barbieri/Guidice
Fine-tuning of (Higgs mass)? MISMNMSM, ..
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Natural EVWSB in times of austerity
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Direct stop searches
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mz — MLSP < 30 — 40 GeV

Delgado, Isidori et al.
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Limit on squarks

Squark-gluino-neutralino model, m(i?) =0 GeV
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Naturalness requires
split squarks

M
dof (ﬁ,J)L, in, dp,
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Splitting via RGE?

Papucci, Ruderman, AW ’| |

Splitting via renormalization group does not help

3 |-loop, LLog
2 2 2 2 2 ) y
5mH ~ 3 (mQS — le,Q) =~ 5 ( Us mUl,g) tanl3 moderate

N

Higgs fine-tuning = RGE mass splitting




Splitting via RGE?

Papucci, Ruderman, AW ’| |

Splitting via renormalization group does not help

5 3 |-loop, LLog,
5mH ~ 3 (mQS — le,Q) =~ 5 (ng — mUl,g) tanl3 moderate

Higgs fine-tuning = RGE mass splitting

— Flavor non-trivial susy

breaking!




SUSY & Flavor

Flavor Bounds (K, D, B, Bs mixing, ...) controlled by

1 * ~ 2
(533)MM — m_g Z(K%)ia(K%)jaAmqa




SUSY & Flavor

Flavor Bounds (K, D, B, Bs mixing, ...) controlled by

(05;) M = mig ZKKJ(@)M(KJ@);JAT%(?@

mixXing matrices



SUSY & Flavor

Flavor Bounds (K, D, B, Bs mixing, ...) controlled by

(59 ninr = 2 Z(Kq K@);ﬁ%@mga]

mixing matrices mass splitting




SUSY & Flavor

Flavor Bounds (K, D, B, Bs mixing, ...) controlled by
1 ~
CANEES -3 (IRIIHE Sl

mixing matrices mass splitting

(m=1TeV)
q ] (@%)MM <53j>
d 12| 0.03 0.002
d 13 0.2 0.07

d 23| 0.6 0.2
uw 12| 0.1 0.008




SUSY & Flavor

Flavor Bounds (K, D, B, Bs mixing, ...) controlled by
1 ~
CANEES -3 (IRIIHE Sl

L —

mixing matrices mass splitting

(m=1TeV)

q 1) (5gj)MM <57?j>

d12( 003  0.002) large mixing

d 13| 02 007 meanispllttl?g
<<
d 23| 06 02 must be

w 12 0.1 0.008




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!




Left-handed (O ): erther aligned with up or downs

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

R R



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

— any splitting

R R



~ (avd)L
8 dof (@, d)r, (¢ 8)L Ur
dr

(@,d)L, @r, dg, (,3);
R dr, 3r $p
aR) 6}% 5R
Degenerate Minimal Flavor Anarchy!

msSugra, CMSSM,
PMSSM, ...



Collider 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 through p.d.f’s (u vs. d, sea vs.
valence)

® Experimental efficiencies have thresholds
and current limits are on the thresholds



Light flavor squark searches

M. Papucci, J. Ruderman
G. Perez, R. Mahbubani, AWV, PRL

Effect of the efficiency threshold:

efficiency 1 Cross section
10 -
CMS 498 fb_| Hy = 1000-1200 GeV 8 squarks
. O S{Uc \
10! Hr > 500 GeV I | squark

1072
W
1073
-4
my = 50 GeV 10
16~ 10-3
200 400 600 800 1000 200 400 600 800 1000

m; [GeV] mg [GeV]



Pythia/MadEvent

+Prospino/NLLfast
+checks with MLM matched sample



simplified Model
available =& CMS

A e
<
Pythia/MadEvent

+Prospino/NLLfast
+checks with MLM matched sample
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+Prospino/NLLfast
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, Atom recast
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simplified Model Signal regions
available = CMS T

a ¢ m,J HT»HT
| Y
Pythia/MadEvent

+Prospino/NLLfast
+checks with MLM matched sample
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simplified Model Signal regions
available = CMS T

P m/I HT7 HT
?Y‘o’m"\/\/
( m\l cee
Pythia/MadEvent
+Prospino/NLLfast
+checks with MLM matched sample

, Atom recast
M E m

II,poiss(s; + b;0b;) gauss(0b;) — C' L
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still be < 350 GeV

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



MFV splitting - flavor trivial light squarks

1600

1400

Sk [G@V]
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S 1000
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effect of unknown
NLO (K=1.5,2)

/ compared to

MadGolem, usually

-~ corrections are smaller
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1800t
' \: O / Olim
CMS |
L=498fb" ! 1
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mg =1.5TeV
=50 GeV

400 600 800 1000 1200 1400 1600 1800
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Collider vs. Flavor for sea & valence squarks

Sea v. Valence

Collider N ‘
constraint
(CMS recast) =
S
s N T
- -~
e VN
N Y
13
g

400 600 800 1000 1200 1400 1600 1800
m,;, = Mg, [GeV]

H.g = C4 (ﬂiﬁ/'uPL Ci) (ﬂjﬁ/“PL C]) : rp >~ 2.0 X 10" Re C1

Assuming full down alignment, calculated w/o MIA



End of Susy



WHAT IS THE MASS TELLING US?

unstable metastable trivial color code

natural unnatural

) .
~
G

K4
73
%)
™4

@ composite Higgs )

C technicol’o:wz

¢ other options?? )

100 150 200 300 GeV

Brando’s talk



Strong EVVSB
(Composite Higgs)

e.g. SO(5)/SO(4) §=v?/f?



strong
sector

Why is the Higgs light! 4,

Kaplan; Agashe et. al 1

G-GC’

Higgs is 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



SILH: Giudice, Grojean, Pomarol, Rattazi

gauged SO(4) (b(y\’@
0: misalignment between gauged SO(4)
and SO(4) preserved In the quantum
corrected vacuum

Tree level: gauge SO(4) aligned Higgs
(o L) Oy
iwdT ) f 0 sin(7/f) X | -3 | sin(6 + h(x)/ f) X (Z)A* /v
¢ =e 0= Tl = 0
0 \w ) \1)

\1) \ cos(m/ f) ) \ cos(0 + h(z)/f) )

@ |-loop <pi> =0 *f eaten by W), Z1






Pre-Moriond 201 3

Montull/Riva



Fermion

Fit to ATLAS/CMS & Tevatron

CZy = Cyy = Cgg = 0 post-Moriond fit: see e.g.
T T T T T T e ] Giardino et al, Falkowski et
al
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20

Scale of strong SSB

Special composite Higgs models

see e.g. Giardino et al

XZ—X§M

' II III[ I]II IITITXITIIT]
'I /.\ /
| , NS
/
| / /
/
------- Q- - - - s ccccccfccccccccccmfocnccnccccnnad
- / _
15 / ,
" , / /
/
' / /
‘ /
! / /
' -/
10 / ,
------- Y L
/
J / /
/
/ o/
, /
- / / / _
' /
------- -7 S U Sy R
/
/ ’/ L
/
/ ,/ o
~
""" ~/ ':/‘10';"/"""""""""""""""""‘
///
R -
L A A L | T T T TR WA S SR T S l

0.0 0.1 0.2 03 04 0.5 0.6
Model parameter &



XZ—X§M

Special composite Higgs models

Scale of strong SSB
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see e.g. Giardino et al

f ~ 500...800GeV



Addressing flavor..

di bilinear
® (lassical Techni-color/composite Higgs )<H>
failed, post-modern conformal TC 4
qi

distavored by CFT theorems

><H )

® ull compositeness excluded by LEP q;

® Partial compositeness: q;
()

linear

(H)
dj



Addressing flavor..

bilinear
® (lassical Techni-color/composite Higgs ) (H)

failed, post-modern conformal TC 1]

distavored by CFT theorems |
(H)

® Full compositeness excluded by LEP ¢,
® Partial compositeness: q;

linear

(H )

dj




Partial compositeness

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

Analogous to photon-rho mixing m<e-
+ - -5 --=-
Br(p —eTe ) ~ 10 oY et

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

Rotate to mass eigenbasis: (‘D) = (Cf)w Sin¢> (‘b) tan o — 2
X siny cosp) \ x M,



AdS/CFT inspiration: conformal strong sector

iNnduces small mixings Randall/Sundrum, Grossman/Neubert,
Gherghetta Pomarol,Contino/Pomarol
UV Agashe et al, IR

u,d,c,s,br tr, QL




AdS/CFT inspiration: conformal strong sector

iNnduces small mixings Randall/Sundrum, Grossman/Neubert,
Gherghetta Pomarol,Contino/Pomarol

UV Agashe et al, IR

u,d c,s,br tr, QL

Resonances
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AdS/CFT inspiration: conformal strong sector

iNnduces small mixings Randall/Sundrum, Grossman/Neubert,
Gherghetta Pomarol,Contino/Pomarol
UV Agashe et al, IR
€(tr)
u,d,c,s,br tr, QL

: 4 . : ' » . . . - |
A ST P St P SRR vt Ve e, ). $ L el T 5 VoS N - i Yy B {7 \ . 4 b
- SR ol ods . paaes b - e ) _— s Nt K - L Bl A Ty Al Sl [ e
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Pl S X 4 | - A % e v | ol & \ il '8 Al a8
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Csaki/Falkowski/AVV, Casagrande et al, Agashe et. al, Buras et al. ...

Yukawa

sin 0y, gpsinfy, (H)sinfg, ~ my

SianR dR FCNC
g Mg
~ SdLSdLSdRSSR ~ ’U2
S7,” sind, in 6 : I
L Psn o sp GIM-like protection

... almost works A, =10°TeV — m, 210 TeV



Csaki/Falkowski/AVV, Casagrande et al, Agashe et. al, Buras et al. ...

Yukawa

sin 0y, gpsinfy, (H)sinfg, ~ my

SianR dR FCNC
g Mg
~ SdLSdLSdRSSR ~ ’U2
S7,” sind, in 6 : I
L Psn o sp GIM-like protection

... almost works A, = 10" TeV m, 2 10 TeV



£Yukawa — 6qQLOq _I_ E’u,/u’L(Qu _I_ EddLOd

ij i _j
Yo ~ €,6,9

Yukawas
Vi ~ el
L V 92 : :
AF=1 626%9'0 X W X 165_‘_2 qZO'MVUJGMV
I,
g2
 J k¢ i3\ (A
AF=2 €€ € EG X m—'OZ (G v*d?) (G y,d")

I



Flavor Constraints

€k m, < 10 TeV
b — s > Jp _ V
My & 7 X (10 — 15) Te
7
d, m, 2 —jp X (20 — 40) TeV
T

Agashe et. al; Csaki, Falkowski,
AWV:; Buras et. al.; Neubert et al;
Isidori et. al, ...



Partial compositeness not the full story

Strong sector must have some flavor

degeneracy:

\ 4

U(l)e xU(1),, xU(1);

U (2) 3 Barbieri et al, Redi,
Cacciapaglia, Csaki, Terning, AWV;
SU (3) Redi, AW



Tension with FCNCs and CP: MFV
Red| / AW H previous attempts: Csak, AW et al;

Delaunay et al; da Rold; Barbieri et al

Invoke MFV l sin 0,

y, 9 \

sinfr g, universal




Tension with FCNCs and CP: MFV
Rech/AW H previous attempts: Csak, AW et al;

Delaunay et al; da Rold; Barbieri et al

Invoke MFV sin 0,
y, 9 \
sinfr g, universal

Lower limit on universal compositeness:
1

. 1
observed mip»: sinfp & — ~ -
9o 8
0 q
Q o]

I— —




Tension with FCNCs and CP: MFV
Rech/AW H previous attempts: Csak, AW et al;

Delaunay et al; da Rold; Barbieri et al

Invoke MFV . sin 05
QI — e — Ur

Y, I \

sinflr g, universal

Lower limit on universal compositeness:

. 1 1

observed mip»: sinfp & — ~ -

9o 3
Predict large effects in right-handed ; Qx4
quarks (and all possible resonances). 0> g




LHCS8 limits

de Vries, Redi, Sanz, AW, in prep.

go o(pp—p—qq) [pb] ATLAS 8 TeV
X

=sin(¢ra)

Sin(¢Ru)

S
W

0.3} ]
1000 1500 2000 2500 3000 3500 4000

m,[GeV]

Vector mass

similar plot from CMS



LHCS8 limits

de Vries, Redi, Sanz, AW, in prep.
go o(pp—p—qq)pb] ATLAS 8 TeV
X

ATLAS dijet angular searches

> >
L 25 aL,rYqLR

q

q

=sin(¢ra)
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S
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1000 1500 2000 2500 3000 3500 4000

m,[GeV]

Vector mass
similar plot from CMS



=sin(¢ra)

Sin(¢ru)

S
W

0.3}
1000

LHCS8 limits

de Vries, Redi, Sanz, AW, in prep.
o(pp—~p—qq)pb] ATLAS 8 TeV

< S S :
@)
——

0.4}

ATLAS dijet angular searches

i
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3000 3500

Vector mass

4000

[ 2T

L 2
A2 4L.R7Y 4LR

q

q

Dijet bump search

ATLAS 8 TeV 13 fb— | [ATLAS-
CONF-2012-148]

q

Q|

similar plot from CMS
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o(pp~p—>qq)pb] CMS 8 TeV
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Octet width vs.
fermlonlc partner mass

06 i I : /
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Light Higgs => light fermionic top partners

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

2.0_- =0 1y, gﬂg
A A 24 gsg%@“
'%' !
= 15
! L
X
-
1.0
0.5 i

115 125 135 145 155 165 175 185

Myiggs [GeV]

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



Light Higgs => light fermionic top partners

m, =25 TeV , f =500 GeV

25

20

My [TeV]

1.0 |

1.5

=0 Ty

A A 2y

\.

115 125
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185

J

MHiggs

[GeV]

ATLAS: Ts3

4.7 1/tb, 7 TeV

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



Light Higgs MFV connection

Redi et al
3000 . o
2500 ¥ %"::. .::..'
> 2000 ) é:,”
% 1500 W

Recalculated Higgs
potential for RH -
compositeness

140 160 180 200 220
my[GeV]

£=800, grho =3



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



4 22 1 2 23 g\ _/a
Fchromo(Q — qg) — gas/i SRu_5 |Tqg — My
"Q
g
( aQ Q 2 Q 9 ! ! 9 !/ 9
= IXEOP +IXER) D (I + xR P
q/
6ms — 3mZm? —m$  mi(m? —m2)  m?—m?2
N p QP Q p\"""p Q p Q -
Fg_body(Q —qd'7) ={ X { QO% + m% log m% if mg <m,
6 2,4 6
O mQ—3QOp+2mp 0012 0012 .
K ( o X0 + X2 if mo > m,
(4.2)
q
Q q




Iwo body vs. three body

Log|I'(Q—q 9'q)/T(Q—qg)]

1.0 K/
' 3

=sin(¢rq)

Sin(¢Ru)

500 1000 1500 2000 2500 3000
mo[GeV]



Search strategies

O O O O

O O O

QO O O

deVries, Red, Sanz, AW, In prep.

Four jet analysis CMS /7 TeV 2.2 tb—|
[CMS PAS EXO-11-016]

optimized for palr production of
two heavy resonances

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



Recast of RPV 4jet
search CMS PAS EXO-11-016

_ Ttim/0np CMS 7 TeV

O O g O

1.0_‘ |

0.9}

Four jet analysis by
CMS /TeV 2.2 b—|

o
00

o F:
—lowever, optimized for o7
pair production of two
£ 0.6
neavy resonances =

o
W

0.4:-

0.3}
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molGeV]



1400F

1200F

1000F

priGeV]

600f

400F

200F

Dedicated search

Average jet pr

Q

800F

— spectator jet
--- jet from Q
---- jets from p

Q Q9 O

.
amm=
________
amm=
--------
---------
L
.-
R
.

0 1000 2000 3000 4000

e Require four jets with |n| < 2.5 and pr > 150 GeV.
e The leading jet must have a pr larger than 500 GeV.

e The other three jets must combine into an invariant mass of more than 1500 GeV.



Dedicated search
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0 H, (GeV)

triplet pr{GeV]
e Require four jets with |n| < 2.5 and pr > 150 GeV.

e The leading jet must have a pp larger than 500 GeV.

e The other three jets must combine into an invariant mass of more than 1500 GeV.



Conclusions

® Flavor can hide or enhance visibility at high
bt

® |n the next years, naturalness on trial:
reaching critical sensitivity for scalar/
fermion partners

® MFV composite Higgs is very visible, EWPT
ok with large compositeness: expect
discovery/exclusion with LHC |4



