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@ Forward-backward asymmetry in tt production and colored scalars




Introduction: tt production in hadron colliders

Experimental figures against SM predictions

o Cross section measurements at Tevatron (/s = 1.96 TeV)

0P =7.0+0.6 pb oM = (6.30 £0.19743L) pb

CDF exp,2009 Ahrens et al, 2010
In good agreement.

o Forward-backward asymmetry
do3(s,cos 0)
(Jo = 1) dcos 0 25T

Are(s) = a(s)

Is measured to be above the SM prediction by ~ 20. Recently confirmed at high m;; by CDF. J

Partonic level: O(a?) interference between
tree-level gg — tt and two-gluon exchange
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Introduction: tt production in hadron colliders

A plethora of solutions

o warped models Djouadi et al, Baver et al
o Extra gauge bosons

o W/’ Cheung et al
° Z/ Murayama et al
o asymmetric left-right W' Barger et al

@ s-channel axigluons Kiin et al, Frampton et al, Chivukula et al
@ R-parity violating MSSM cao et al
@ t-channel color triplets, sextets shu et al, Arhrib et al

@ colored unparticles chen et al

Many (realistic) models J




GUT solution

Scalars in SU(5) GUT

Dorner, Fajfer, Kamenik, NK, PRD81

(want to avoid additional fermionic reps or nonrenormalizable operators) Georgi,Glashow

Non-SUSY SU(5) should contain 5 and 45 scalar representations to provide viable fermion masses J

5= (Vp,Vr)=(1,2,1/2) ®(3,1,-1/3)
24 = (X5, X3, X(32), X (3,3) T24)
45 = (A, ..., N6, A7)

@ 24 breaks SU(5)
o Matter fermions reside in 10; and 5; representations, i = 1,2,3

10; = (1,1,1) & (3,1, -2/3) @ (3,2,1/6), 5 =(1,2,-1/2) & (3,1,1/3)

o Another fermionic 24 = (pg, p3,...) in order to have type I+Ill seesaw v masses
@ 45 contains scalars, which contribute to tt production at tree-level, and is present in many GUT
models

Yukawa couplings of 45 to matter

(Y1);5(10°7);(55);455%, €apryoc(Y2)j(10%7);(10¢7);452¢

It has been known scalar diquark can enhance Agg (Muravama), which is present in 45 as
Ag = (3,1,4/3). Also suitable is color octet A = (8,2,1/2).
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Scalars and their couplings to up quarks

Color triplet diquark Ag = (3, 1,4/3)
Yukawa couplings of Ag to up-quarks are antisymmetric in flavor — antisymmetric color

couplings enforce antisymmetry in flavor

Lag =V2[(Y2)jj — (Y2)jil €abe TiaPrufy A (Note that exscZu; = 0)
+ ()Y &PLdS Ag, + Hee

Diquark coupling Y, leptoquark coupling Y1

In mass-basis, Yukawa couplings retain antisymmetry
d=22[uj v e=-d a

@ Baryon and lepton number violating, however antisymmetry in turn forbids dimension-6
operators mediating proton decay

1 ii -
kl= = =
~ ng Yl u,-ujekd,
MA
6

o Contributions to tt in the u-channel
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Scalars and their couplings to up quarks

Color octet A1 = (8,2,1/2)

@ Charged and neutral states — A?A and AIrA

@ Richer set of interactions — charged and neutral currents

A~ C N 0A% As A~ C
—V2(V1); d T, Cd,,; A = 2(Y2); ul; T, Cuy; A

T A o C pAx AS [ TTA ~ C A+A
— V2(V1)j uy; Ty Cely Ay 2(Y2)y” dyy Top Cupy Ay

Light A; and Ag not dangerous by themselves for proton decay
In GUT, they can affect proton lifetime indirectly by lowering the unification scale Mgyt J
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Color triplet Ag and octet A in tt production

Partonic level cross section

Triplet Ag partonic cross-section (u-channel mediation)

i, ¢ t _
T~ dog®(s) _ dofiy(®)| oulad’[ mis+ (mi—0)° | |g"* (m}— o)
i N [ i 48782 (m2 — )2

dt dt 953 mA6 -0

//‘\\ A xSM interference term
uc 7

. dafa(é) dol3,(3) Jr2(y5|g1‘7r\2 m?s + (m? — 1)? . lgf|* (m? — %)

[ dt dt 2783 my —t 18782 (m3 — )

t t t dt _
gt = a(vgt — vy gt = ay/(vgt — vid)2 4 (vdte)2 8

o Neglect interference between A; and Ag
o Consider mass range 300-1000 GeV for A1 6
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Color triplet Ag and octet A in tt production

Partonic level cross section and FB asymmetry

Examples of partonic cross sections and FBA
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o Aj reduces Arg

o Stronger enhancement of o by A;
@ Ag enhances it well above threshold

Towards Arg enhancement
Ag tends to correct Agg in the right direction, whereas contributions of A, if light, must be

suppressed.

@ Model independently this can be arranged.
o In GUT model we have a freedom to reduce Y7 couplings of A;
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Color triplet Ag in tt production

Hadronic cross section and FB asymmetry

@ Convolute partonic distribution with PDFs

5 = x1xps, t=xpx(t — mt)+mt
do(s) 1 1 doP?’ @) do(s) _ sy/1-— am? /s do(s)
dt = Z / dxy / dxo X1 X2 T f;:(Xl)f;,/ (XZ) d cos 6 2 dt(cos 0)
pop'=q,8" "0 o t(cos 0) = —s(1 — cos 63¢)/2 + mf

o We use CTEQ5 PDFs and rescale our results in each bin of m,; so that our LO QCD results
match W|th the reference NLO QCD Frederix, Maltoni
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® Mass mp, and coupling gi* are positively correlated
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Color triplet in tt production

Correlating g¢* and mpg

From tt production constraints

4t — 0.9(2) 4 2.5(4) 26
641 = 0.9(2) + 2.5(4) 2%

Perturbativity only for light Ag.

We need large coupling, g¢* ~ O(1). Together with other couplings g¢*, g¢© FCNC effects in the
up-quarks are possible. J
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e Charm processes — D—D mixing, dijet and single top production
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D-D mixing

Color triplet Ag contributions

Dor3ner, Fajfer, Kamenik, NK, PRD82

o Only g{gf™ contributes because of antisymmetry of g¢ — pure short distance diagrams

u t c u

Het = C6 Qs Q6 = (GrY" cr)(TRYLCR),
(g¢"gs™)>h(m/my,)

2 2
647 ma,

—x2 +2xlogx+1
(1-x)3

s h() =

Co(mag) =

o Data on D-D mixing is rich, interpretation in the SM not straightforward.

[D1,2) = p %) +q|D%)

my = mp
x=(0.5940.20)%,  y = (0.81+0.13)%, A
HF, .
la/p| = 0981015 4 — 005179112 J ISR L Gati kL)
p (kK= [n]o0)

o CP violating phase in mixing is small, consistent with the SM

o Prediction of x is long-distance dominated in the SM
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D-D mixing

Extraction of g§*

@ Ag only contributes to My»

o Fit of x12 and ¢12 observables [ x12 = 2|M12|/T, ¢12 = arg(Mi2/T12) ], assuming x12 < X35

Gedalia et al

@ 20 upper bounds
x12 < 9.6 x 1073, x12| sin ¢12| < 4.4 x 1073

§

X12 |Sin ¢ 12|
g

- w = arg(gst/gl")

g

0.000]
0000 0002 0004 0006 0008 0010

X12

@ Using the known value of g¥:

Phase dependent bound from ¢ constraint, ggt is of order <1073 J

o Constraints from ¢ — w7y penguin diagrams with Ag are far weaker
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Search for resonances in dijet mass spectrum at Tevatron — gg'

+ crossed diagrams

o o a2 (2 A
do_élu—rcc(g) B do_;;\r/]—)cc(g) |g6ucl4 32 B aslggc‘Z u (mAﬁ — LI)
dt B di 48782 (5 _ \2 933 > \? 2
(mAa - u) + rAe (mAs - ") + rAs

We regularize on-shell poles by Ag width
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@ comparable to exp. bin size in

dijet invariant mass

@ Compare PDF-convoluted

hadronic cross section against

CDF measured spectrum
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Search for excess in single top production at Tevatron — g¢'°

Ag o Conservative approach: compare only Ag
j contribution with the experimental error of the

//.\\ cross section o1 = 2.76t%“i’g pb (coF)
u, ¢ cu :

do_uﬁHtE |g6ut*gé.lc‘2 (§ + 't‘_)a
= =- W ire A 1 % C.L.
7 4 G- m T e require Ao <1 pbat95 % C J
6 6
+ s—channel
10
Coupling g¢ of the order < 0.1 J
02 .
single top
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Recapitulation

Scalar triplet Ag = (3,1,4/3) alone can explain the observed Arg excess

@ Provided its mass is below 1 TeV

@ Provided its coupling to ut is large, and correlated with ma

mAG
1 TeV

lget| = 0.9(2) + 2.5(4)

Remaining couplings have to be small
o D-D mixing measurements imply g&tSax 1073
@ Single-top production cross section implies g¢¢ < 102

- O

@ Particular structure of g matrix

O

o Does not depend on the underlying model
o Is ma, <1 TeV a viable SU(5) GUT scenario? J
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© Light Ag from GUT point of view
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Proton decay and unification

The most pressing constraints are
o unification of couplings at Mgyt

@ proton stability, Tp—ymlet > 8.2 x 1033yr: Mgyt should not be too low, as well as masses of
particles mediating proton decay

mpy
2 4

Asi(r) = H
2123 i

e Wy, Az, and As should be heavier than 1012 GeV

@ pg must be above 10° GeV to accomodate BBN constraints

2
2, 12 2« 2 2
M~ Alle|*(1+ D+ F) TEU: [ASg + 4A5] Ry = (23(11)/20,9/4,2)

Mz <m;<M, Mz<m;<my .
z=m="6euT [ai(mlﬂ)}n(m,—/(zj biy)

Oc,'(m/)

We determine upper bound on Mgyt for ma, € [300 GeV, 1 TeV], while requiring unification
and satisfying the above constraints. J
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Proton decay and unification
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@ Also the octet A; must be light = need to suppress Y

@ Whole region ma, € [300 GeV,1 TeV] would be excluded if proton lifetime was larger by
factor 6




Proton decay and unification

log,o(Mgyr/ 1 GeV)
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Direct searches

@ LEP bound: mag > 105 GeV
o LHC production cross sections of Agt and AgAf comparable to tf production
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Conclusions and perspectives

Model independent study of octet A; = (8,2,1/2) and triplet Ag = (3,1,4/3) scalars in o,z and
Arg

A1 aggravates the discrepancy in Apg whereas Ag coupling to ut should be g{* ~ 1

°
o Can be realized in SU(5) GUT model, where A; and Ag should be light
@ Proton decay lifetime could soon rule out GUT scenario (6 X 7p)

@ Simple structure of Ag couplings to up quarks allows to constrain them in D—D mixing and
top quark physics

@ gp structure implies the upper bound on vas (Dorsner,Fajfer, Kamenik,NK, PRD82)

Study underway of Ag leptoquark couplings Y7 to d{. Interesting signatures in
o Down-quarks FCNCs (e.g. Bs—Bs mixing Dighe et al)
o lepton flavor violation (e.g. p—e conversion)

® ae, ay
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