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with B. Grinstein, M. Trott, J. Zupan, arXiv:1102.3374

s MFV, flavor octet vectors, t-channel dominance

# New strong interaction realizations with M. Trott and J.
Zupan, in progress

s composite (v/, ', t") weak singlet up quarks,
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Flavor and the top-antitop
forward-backward asymmetry



Issues for NP explanations ofd .

For M,z > 450 GeV CDF measures:

SM —I—O‘NP SM O‘NP

—0p B
All = ﬂW+HW—g§ﬁﬂ%P = 0.475 £0.114

" —1.940.5 pb

SM theory predictions for M,z > 450 GeV:

A Lo = 0.088 +0.013 (3.40 discrepancy)

OtNtLO+NNLL = 2.26 £0.18 pb Ahrenset al

CDF inclusive A% . measurements: A%, (SM) = 0.058 4 0.009

L 0.417 4 0.16 (dilepton),  0.158 + 0.074 (lepton + jet)
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agP < 0 = NP interferes with SM




Therefore, s-channel explanation requires color octet vector

® Al £ 0requires gt # gt g1 # g% = "Axigluon” or "Chiral gluon”
® FCNC's are an issue, e.g., DY — D9 mixing

® no s-channel M,z bump, no excess in high M,z bins, dijets = large My, ~ 2 TeV
-Susanne Westhoff’s Slovenia talk

® moderate App < 0.2 achievable



Low mass t-channel explanations have appealing features:

=

® vectors, e.g., Z’ and W', with masses of a few hundred GeV yield large A?B,
increases with M,z, as observed -Jung, Murayama, Pierce, Wells "10

® simultaneously, good agreement with measured spectrum at large M, ; -Gresham,
Kim, Zurek '11; Jung, Pierce, Wells '11

& forlarge M,z, NP t-channel top production more forward

® CDF's acceptance decreases rapidly at large rapidity

. t.z B . .
£ smaller impact on A% ; due to courser M,; binning

Low mass Z’, W’ have some problems

® 7’: same sign top production
® W’: single top production

® large 7/ —u—tor W —d — t couplings = FCNC's are an issue



Minimal Flavor Violation: Flavor Symmetric Models

® Quark sector formally invariant under the flavor group
Gr=U(3)g xU(3)u xU(3)q
if Yukawas promoted to spurions, Y| ; = VQYu,dVJ,d.

® \Weak scale NP models are then in MFV class if invariant under G .

® Y/ , and possibly new flavor diagonal NP phases, are only source of FCNCs

® constrains possible flavor structures, e.g., for QQ bilinears, insertions
Q(Y,[Y.)"Q allowed, QY] (YY,)"Q forbidden

e.g. brsy ~ Vi V¥

® relaxes tensions between FCNC's and weak scale NP

o -
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To address problems mentioned above consider models for A’?B that

=

® do not contain additional breaking of the SM flavor group G beyond the Yukawa
spurions

® contain new fields in non-trivial representations of G

® have O(1) couplings to the top and light quarks



Vectors in MFV

® Motivated by nice features of vector t-channel models

® There are 22 vector representations satisfying the MFV hypothesis

(not all relevantto A% )

Case | SU3). | SU(2)L | U(l)y | SU@B)yz X SU(3)pyp X SU(3)g, | Couplesto
Lo 1,8 1 0 {10 dry*dp
Is,0 1,8 1 0 (1,1,1) arY* uR
i P 1,8 1 0 {1.4,1) QLY QL
Wes 1,8 3 0 (1,1,1) QL1 QL
Vs,0 1,8 1 0 (1,8,1) dry* dg
Vig,o 1,8 1 0 (8,1,1) apY* up
VI o 1,8 1 -1 (3,3,1) drY* ugp
Vil 1,8 1 0 (1,1,8) QLY QL
IXs,0 1,8 3 0 (1,1,8) QLT QL
Xz6 3,6 2 -1/6 (1,3,3) dr " Q%
XI3 ¢ 3,6 2 5/6 (3,1,3) IpY* QS




® Simplest possibilities are the SU(3)up flavor octet color octet or color singlet vectors

|7 coupling only to RH up quarks T

L = ugy"V"°ur + MFV corrections
® color octet: V¢ = VP TATE
® colorsinglet: V7 = VATA
t — channel (Vf — iVlf’)(fR’y“uR) o
s — channel Vf(ﬁR'y“uR + cpyHcr — 2tgrYHER)

® color octet: t£ production t-channel dominated

® color singlet: s-channel larger than for color octet = problematic for M,z bump and
dijets at Tevatron

® MFV corrections split t¢, tq, and gq couplings, preserve SU(2)y,, symmetry

® Flavor symmetry = no like sign top or single top production;
negligible FCNC'’s: D° — D° mixing

—p. 1



At and do/dM,; for the octet of color and flavor
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A%EB and do(tt)/dM,z, for two different values of (my, \/AqqA33, A\¢3, FV/?j%V)i solid red
(300 GeV, 1,1.33,0.08); dashed blue (1200 GeV, 2.2, 4.88, 0.5). Inclusive AtFtB = 0.171In
both cases

® CDF rapidity acceptance corrections (in progress) should eliminate M,; > 600 GeV
spectrum excesses for light vector example

® Tevarton, LHC dijet constraints: do not require flavor symmetry breaking for light
vectors; large breaking (A\qq < A43) for heavy vectors

—p. 1



Strong interaction realizations:
compositet”s, flavored colorons



© o o o

°

The set-up

can we build models with composite flavor octet vector mesons?
can they naturally only couple to right-handed up quarks?
QCD provides a beautiful example of flavor octet composite vector mesons

add asymtpotically free SU (V) g "hypercolor" gauge interaction, with strong
interaction scale Ao ~ 1/2 TeV

add SU(2), singlet, vectorlike, SU(3), "flavor triplet” of hypercolored quarks
(wr,, wr,) (1 =1,2,3), and new hypercolored "flavor singlet" scalar S.

They transform under SU(N)gc x SU(3)c x SU(2)r, x U(1)y as
model A :  wp, g, (N,1,1,2/3), S(N,3,1,0)

model B:  wr, r,(N,3,1,2/3), S(N,1,1,0)
with Lyp = hij URiwWLiS + h.c. + uy ij Wiw;j + mg‘SP

up is the usual flavor triplet of RH up quarks (ug, cgr,tr)

—p.1



Lnp = hij UR; wri S + h.c. —i—,uwij Ws W —i—mg|5|2

® imposing MFV = h;j = hdij, fiw;; = Hw 0ij
® MFV corrections = h = diag(h1,h1,h3), po = diag(p1, p1, p3)
® u, << A, lkewu,d, sinQCD
® hypercolor sector only couples to the right-handed up quarks
® due to choice of representations for w, S (hypercharge assignments)

$ Therefore, SU(3)y, symmetry of £ p could be an accidental consequence of
an SU(3) g horizontal gauge symmetry, under which all quarks are triplets

® Spontaneous breaking of SU(3) i (flavons) in the UV could generate the quark
mass and mixing hierarchies via a Frogatt-Nielsen type mechanism

® Atthe weak scale could have the SM (or MSSM) + new hypercolor sector = MFV

o

® Flavor structure of the resonances would hint at horizontal symmetry solution to the
quark mass hierarchy problem!

—p. 1



® variationon Lxp :  add gauge singlet scalar, N,

Lnyp =htigwr S+ hc +nNow+ +us NS*S +m? |S|? + mA |N|)? + ...

#® dynamically generate w current masses via SU(N) i condensates,
(Gw), (§*8) #0 = (N) #0 = pw #0
® SU(3). breaking alignment of condensates can be avoided via the new terms

NN ow + +pus NS*S

® could "supersymmetrize" in order to protect scalar masses; or could imagine that the
scalars are themselves composites

o

—p. 1



Hypercolor resonances andA?

consider model A:  wr,., wg,(N,1,1,2/3), S(N,3,1,0)

® the lowest vector meson flavor 8+1 "nonets" (a=1,..,9):
P4 o lvw] vectors; af ;. |ww] axial-vectors

® (Lw) # 0 breaks global chiral symmetry
SU(3)L X SU(3)R — SU(3)V
= flavor octet of pions 7%, ., heavier n%; ~

® mass scales: scale up from QCD

e Y mewe [Nuc S’ o, [Nic

Motivated by vector flavor/color octet analysis of A%

® mllY ~300—500GeV = fHC ~35—60GeV(Nyc =3)

® AW ~AnfHC ~ 450 — 750 GeV

—p.1



vector meson - quark couplings

_________ + <pa|@,y,u Ta (.U|0> ~ fpmpel“b =

p, a1 couplings to up quarks: AV p% @ T v u + At af uT*y* 5w, With

)\V ~ h2 fpmp )\A ~ h2 falmal

5 5 for mg >> A
mS mS

® observed A, = p—u—tcoupling A = O(1)

® h perturbative = m?s << A? Naive dimensional analysis (NDA) implies

A~ h? % or h = O(few)

—p.1



$ m, << A = modified resonance picture, includes SU(3)y, flavor triplet of weak
f singlet vectorlike up quarks, with masses of O(m,) or O(1/2 TeV) T

W Swi], d[Swa], t'[Sws]
® ¢ production via exchange of p%, a¢ and large U{Ri — upr, Mixing
t‘l
S~
> 1! "> $* 5 m2 >> A

AN

a )

\} {\ % A j:s mg << A2,
/\ I41 ? |

Las L Wy
.-..-_-5 -------- 7 = mﬂRiu’Li via (u}|@; S*|0) = V2 !

—p.1
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p* — u; — u; couplings via exchange of composite’s

(ul|@; S*|0) = V2 fu, @}, with f, ~ f, = T
[uR, (L,L.)>Phys =cosOp, (L;) |Ur; (L;)) —SinOr, (L, |ule (L))

/ /
. w; . ~ uimui
sinOpR, N\/§hiM , sinfr, NﬂhiM—2

/
u’. /
1 u,

my,; are ordinary up quark masses, M, are composite up quark masses

(A
using Vector Meson Dominance (VMD) to estimate the p® — u) — u; and af — u, — u;
couplings

—! ma o, a =!/ma W@ / ~ Mp ~ May
gv py W Ty u' 4+ gaaf, W T Y 50 = gy & , gA R
g g V3 fo V'3 fay

p* —u; —u; and a — u; — u,; couplings follow from v’ — w mixing (¢, ~ 1):

/ /

a Wi d Ujg )\A a
/\,};a :c,,,ahihj? - Mj -0 (h?f—p) ~ 0.2h2, N m 1;%
pe u; u;. MpJp

-

AV ~1 = h = O(few), as expected from NDA



At and do/dM,; from the flavor nonets p?, a¢

® for simplicity, consider SU(3),, limit (rather than SU(2) x U(1) ) :

® degenerate nonets mpa = myp, Mqa = Ma,
® degenerate couplings for AV and A4
$ in SU(3)yy, limit no s-channel contribution: no "w — ¢" mixing

® our results do not yet include exchange of the P-wave vector meson bound states
of the scalars, V# [S*S] (work in progress)

& a flavor singlet color octet, and a flavor singlet color singlet

& expected to be very broad, e.g. I'/M ~ 50%, dueto V — @) u;

® analysis of Model B is also in progress: exchange of

® vector meson flavor nonets which are color octets p®?, and color singlets p®, and
their axial vector partners

® avery broad P-wave color and flavor singlet vector meson bound state



® Model A example: exchange of p® flavor nonet vector mesons (m, = 300 GeV;

® My, spectrum:

(fb/GeV)
S

[HEN
T

blue = SM

dU/tht
o
=

400 500 600 700 800 900 1000
Me (GeV)

® AU (M > 450 GeV) = 0.40, Al (M < 450 GeV) = 0.02
At - (inclusive) = 0.21

® expect the CDF rapidity acceptance correction to bring the true excess at large Mg,

Into agreement with the measured spectrum

® checked that Tevatron and LHC dijet contsraints satisfied
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On the compositeu’’s

The new composite quarks can be quite broad! Due to decays to ordinary RH up
guarks and HC pions, 7%, e.g.,

/
u; — wh+t

using NDA for the couplings of the 72 to the u'’s
O (4) ﬂ’RiT%wbuij = Iy /M, = O10%),

compared with =~ 1% for the top quark

quark masses ~ 1/2 TeV

detection at LHC via u — t + ¢
® Model A: the 7@ are color singlets, decay to light quarks 7% — u; u;

® Model B: the w¢ are color octets, flavor singlets also decay to two gluons

Production mechanism:
® u, ul:viaQCD + p?, af exchange

/
(A
_/ . -
® u; u;:via p®, af exchange

=
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Electroweak Symmetry Breaking

can identify the new strong interaction with technicolor (TC): SU(N)gc = SU(N)rc

the low mass scale m;’fc ~ 300 — 500 GeV favored by A?TB, or the correspondingly

low hypercolor decay constant ¢ ~ 30 — 50 GeV, is suggestive of a low scale
technicolor scenario - Eichten, Lane

Example: Bosonic Technicolor - Simmons (non-susy); Dine, A.K., Samuel
(supersymmetric)

® supersymmetry stabilizes the masses of fundamental scalars, e.g., higgs
doublets, or the scalars S introduced earlier

® Technicolor triggers electroweak symmetry breaking, induces VEV'’s for
fundamental MSSM Higgs doublets, H*, H¢ via Yukawas to SU (2), breaking
technifermion condensates (techniscalar condensates also possible)

L =hyHYTU + hgHTD + ...

(TU) = (TD) m 4wF}c = (H") = ho(TU) /m¥pu, (H*) = ha(TD)/m7,,

Higgs masses m%;. ,m? , > 0!



Bosonic Technicolor continued:

® ordinary fermions receive masses via MSSM Yukawas to the Higgs VEVs:
yt (HY) tt + ...

® W, Z receive masses both from technicolor condensates, Higgs VEV's
v? = (246 GeV)? = Fiq + (H")? + (H%)?

® require perturbative yukawa couplings (y¢, h,, < 1), and a light higgs doublet
(precision electroweak data)

# Top mass favors a small TC pion decay constant, e.g., FX'¢ ~ 30 — 70 GeV, and
(H*) ~ v

® no susy little hierarchy problem

® low TC scale fits nicely with strong interaction scale for A}?B

® Dbulk of W, Z masses come from Higgs VEV’s

® models combining TC and a strong interaction explanation for ATIQE_B are currently
under investigation, including alternative realizations in which quark masses are
generated via mixing with composite quarks , with a direct connection to A%



	�lue small Plan
	Flavor and the top-antitop forward-backward asymmetry
	�rown small Issues for NP explanations of $A_{FB}^{t �ar t} $
	 
	 
	
ed underline {�lack small Minimal Flavor Violation: Flavor Symmetric Models }
	
ed underline {�lack small Vectors in MFV }
	
ed underline {�lack small $A_{FB}^{t�ar t} $ and $,dsigma /d M_{t�ar t},$ for the octet of color and flavor }
	Strong interaction realizations: {�lack composite $t^prime $'s, flavored colorons}
	�lack underline {�lue small The set-up}
	
ed underline {�lack small Hypercolor resonances and $A_{FB}^{t�ar t}$}
	small vector meson - quark couplings
	
ed underline {�lack {small $
ho ^a - u_i - u_j $ couplings via exchange of composite $u^prime $'s}}
	�lack small $A_{FB}^{t�ar t} $ and $,dsigma /d M_{t�ar t},$ from the flavor nonets $
ho ^a $, $a_1^a $ 
	 small On the composite $u^prime $'s 
	small Electroweak Symmetry Breaking

