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° Forward-backward asymmetry in tt production and a color triplet diquark A
e Diquark couplings of A in up-quark processes
e Leptoquark induced processes: Ald

@ Light A in GUT setting
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° Forward-backward asymmetry in tt production and a color triplet diquark A
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Introduction: tt production in hadron colliders

Experimental data and QCD predictions

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

oM = (6.30 +0.197%3L) pb

[Ahrens et al, 2010]

0P =7.5040.48 pb
(G exp.2008) oS = (7.463%) pb

[Langenfeld et al, 2009]
Th and exp in good agreement.

o Forward-backward asymmetry (tt frame)

N(Ay > 0, mz) — N(Ay < 0, mg)
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A myz) = s Ay = —
o) = KAy > 0. me) + N(By < 0, me) o

[CDF, Phys.Rev.,D83] NLO QCD
Arg = 0.158 + 0.075 0.058 +0.009 (1.3

ﬁit >450 GeV (1.30) See previous talks by CDF
Acg =0.475 £ 0.114 0.088+0.013 (3.40)  nd DO
ASYI>T = 0.611 + 0.256 0.123+0.008 (1.95)
§: —daa

o + i>m“<§ > < O(a?) interference between
02F + + tree-level gg — tt and two-
o vy gluon exchange [Kiihn, Rodrigo]
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Introduction: tt production in hadron colliders

A plethora of proposals

warped models Djouadi et al, Bauer et al

Extra gauge bosons
o W/ Cheung et al
o Z' Murayama et al
o asymmetric left-right W’ Barger et al

@ s-channel axigluons Kiihn 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

For reviews, see Gresham et al, PRD83; Aguilar-Saavedra,Pérez-Victoria,1107.0841

. and talk by Susanne Westhoff J
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Yukawa couplings of A = (3,1,4/3)

Yukawa couplings of A to uii or £d pairs

,,,,,, A ——---- A
8ij - _
['A :7’1 Cefoe u,-aPLuﬁ, Ac + Y,j e;PLC{,-g A: J > >

d

(Couples to R-handed fermions)

@ Antisymmetric color contraction 3 ® 3 ® 3 enforces antisymmetry in diquark couplings
8ij = —8ji
_c
€abcUja Uy, = 0
@ Leptoquark couplings Y are arbitrary
@ g and Y, when both present, violate baryon and lepton number
@ Dimension-6 operator mediating proton decay is absent
~ Fzgyyklaiﬂjékdl

mA > 384 GeV ; 1st generation leptoquark [ATLAS]
A 394 GeV ; 2nd generation leptoquark

o Contributions to tt in the u-channel via gy
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A and tt production in hadron colliders

i pb]

Partonic level cross section

Partonic cross-section (u-channel mediation)

do®(3) _ dodly(3) | oulgel® mis 4+ (mi — ) | | |ggel® (m} — 0)?
dt dt 983 m — &

. -R00GEY
60 . "
w© )
/
Ag, m=300GeV
Ag, m=800GeV -
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@ Mild enhancement of o by A

48782 (m3 — )2

AXSM interference term

i 2
t=(pu — pt)

N 2
o= (pg — pt)

_ A1 m=300Gey

L M=500G,,
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o A enhances Arg-well above threshold




A in tt production

Hadronic cross section and global FB asymmetry

,;lpbl

o Convolute partonic distribution with PDFs

§=xpps, B =t — md) 4+ m?
do) S ACY o) i soth
m — Z / dxq / dxox1 X2 T (X1)f / (Xz) d cos 0 2 dt(cos 0)
ol —a,g 0 X0 t(cos 0) = —s(1 — cos 08¢)/2 + m2

o We use CTEQ5 PDFs and rescale our results in each bin of m;; so that our LO QCD results
match with the reference NLO QCD [Frederix, Maltoni]
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@ Mass ma and coupling gyt are positively correlated




A in tt production

Correlating gyt and ma

@ Green contour = 1o agreement
with o4

@ Blue dashed line = 10 Arg

From tt production constraints
(global AFB)

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

mpa
1 TeV
Perturbativity only for light A.

300 400 500 600 700 800 900 1000
s, [GeV]

Tension in the high m;; region. [Gresham et al, PRDS3)] <

Need large coupling, gut ~ O(1). Together with other couplings gc:, gue FCNC effects in the
up-quarks are possible. J
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Outline

e Diquark couplings of A in up-quark processes




[Dor¥ner, Fajfer, Kamenik, NK, PRD82]
o Only gutgl contributes because of antisymmetry of g — pure short distance diagrams

t

RN

He = C6Qs, Q6 = (rY" cr)(URYLCR),

u

Co(ma) = (gutgl)?h(m2/m3) h(x) = —x? 4+ 2xlogx + 1
64m2m2% (1—x)3
@ Rich data on D-D mixing
1Dy 2) = p|D%) + q|D°)
Hrag X = (0.59 £0.20)%,  y = (0.81 £0.13)%, = THZTL
2010 ‘q/Pl = 0~98t%',11€)p ¢ = —0. 051+% 1111%—, J Myp/T1g = —|Myp/T1ale!®

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 gct

@ A only contributes to Mj»

o Fit of x12 and ¢1» observables [ x12 = 2|Mi2|/T, ¢12 = arg(M12/T12) ], assuming x12 < X;5°
[Gedalia et al]

@ 20 upper bounds
x12 < 9.6 x 1073, x12| sin ¢12| < 4.4 X 1073
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@ Using the known value of gy::

Phase dependent bound from ¢ constraint, g is of order < 103 J
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Search for resonances in dijet mass spectrum at Tevatron — g

+ crossed diagrams

o @) o) | Ll P aslgel? o (mh —d
dt dt 481382 (m2 — 0)* + 13 983 (m2 —0)>+T13

We regularize on-shell poles by A width

TaoulGeV]

200 ¢
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mylGeV]

2 2 22
i|> (ma — m
(A tq) = lgic|* (ma — m¢)

167 m3

@ Comparable to exp. bin size in
dijet invariant mass

@ Compare hadronic cross section
against CDF measured spectrum
[CDF,0812.4036]
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Search for excess in single top production at Tevatron — g

iA‘. o Conservative approach: compare only A
; contribution with the experimental error of the

//.\\ cross section o1 = 2.76f%’?3 pb [cpF
u, ¢ c,u .

|8 8ucl® (3+ b Wi : 0
= _ Su e require Ac1; < 1 pb at 95% CL
48782 (1 — m3)>+ T3 i 1t ¥ ° J

+ s—channel

do_uDHtE

dt

18671

Coupling guc of the order < 0.1. J

2 .
single top
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e Leptoquark induced processes: Ald
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A as a leptoquark

Introduction

e A =(3,1,4/3) couples to down-quark and leptons

Y liPLdf A right-handed fermions
o Affected processes at tree-level
YiYe - -
A a " bi H
_ = i Prlu)(djv, Prdi
didi—e; Eb+ 2m2A ( a7y Fr b)( iYulFR r)

o LFV meson decays to leptons,
semileptonic decays
K® — £l', Bysy — 04/, B — X £7¢~ . s . .

e pu—e conversion on nuclei ; ! PN

o semileptonic LFV 7 decays . ; s - :
T en®, T — eKs,. .. : 1

@ Loop processes:

e ex, Amg, Amy, , sin 23

e anomalous magnetic moments

oo

o LFV radiative decays
n—ey, T = uy, T ey

o Decay width of Z — bb

Enough observables to overconstrain unknown complex parameters Yj;

EPS Grenoble, 23.7.2011
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A as a leptoquark

Anomalous magnetic moment

A = —iet(p', s )M u(p, ),

F: y
= Fy" + 72m2 o™ qu + F3o™" quys + Fa(2mg” + a°+*) s
w

au = (g —2)u/2=Faq’ =0)

@ SM (QED + hadronic vacuum polarization + weak) Vs. experiment
aZxP = 116592080(63) X 1073 [Bennet et al]
aM =1.16591793(68) x 10~ [Jegerlehner]

= Sa,=a"P —aoM = (2.874£0.93) x 10°°

I3 “

o A loops provide aﬁ > 0:

53
\
EN N
)
=3
Y
Y

A 3mH

a, = T6n2m, [Y,uil® [@afa(xi) + Qufu(x)] x = mii/mZA'

i=d,s,b

Can A explain the (g — 2), anomaly?
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A as a leptoquark

Global fit of leptoquark couplings

@ Upper bounds (LFV processes, rare decays) + nontrivial constraints (e.g. ay, €k, sin 23)

@ Global fit of 31 observables with 9 moduli and 9 phases of Y,-j couplings (+4 CKM parameters)

o x? = 3.5(@10degrees of freedom)

N <1.3x10°0 <22x104 < 6.4 x 103
Y1) e | <a2x 1073 U1.8,26] < 4.2x1073U[1.8,2.5 < 1.7x 1073 U [1.8,2.5]
< 4.9x 1073 < 0.39 < 0.41
| — 5
o o
(g — 2) tension is relaxed
and requires large element in
0.2F the second row.

=

3 _

= 002 CP violating phase in Bs—Bs
mixing or Alg stay at the SM
level.

0.02 0.2 2. L] L]
|Yus|
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Recapitulation

Scalar A = (3,1,4/3) can explain the observed Arg excess in tt

@ Provided its mass is around 500 GeV and coupling to ut is large:

ma
1 TeV

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

Remaining diquark couplings have to be small
@ D-D mixing measurements imply g < 4 x 1073
@ Single-top production cross section implies gyc < 107!
e H
g~ L]
]

Leptoquark side of A can explain the muon magnetic moment

o While keeping rates of LFV and FCNCs below the observed level.
o It is a second generation leptoquark and decays as A — ud, us, pb.

Y~ |0 or | or |
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Direct searches and mass constraints

g
RS
g o8 ATLAS
Pair production S %7
= 08 \s=7Tev
@ LEP bound: ma > 105 GeV fLm:QSpb"

— = i + i} (Exp)
= uujj +uvii (Obs.)
DO (1 f

@ ATLAS 2nd-gen. LQ: ma > 380 GeV for
B(A — pg) > 0.7 (estimated from gut, Yyuq)
[poster by Carolina Deluca], [1104.4481]

------ CMS (34 pb™)
[hep-ex/1012.4033]
|

L L L.
- SOO 250 300 350 400 450 500

M [GeV]
Associated production with t or

@ LHC cross sections of At are comparable to t

F] SYRTYPYTTY AYTA SN FOVRY PUPYNIRTRI IOVSL FOVTLONIT:

0

production
v
100 1
101 1
= —  Tevatron
% L ——  LHC@5TeV - |
E R ..
k1 LHC@14TeV Perturbativity bound from (g — 2),
0.1 1 )
2 _m™A
2imd,sb | Yuil” = (6.45+2.09) % (400 GeV)2
ook - & o From Y,,; < V4 it then follows
my, [GeV]
mpa < 560 GeV
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@ Light A in GUT setting
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GUT model

Scalars in SU(5) GUT

avoid additional fermionic reps or nonrenormalizable op ) [Georgi,Glashow]

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

5= (\UDa WT) = (17 2} 1/2) 52 (37 17 _1/3)
24 = (5, %3,X(32), X(3,3), 224)
45 = (A1, ..., 06, A7), Ag = A

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 Fermionic 24¢ = (ps, p3, .. .) in order to have type |+IIl 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

(¥1);(10%8);(55);4575%, caprse(Y2);(10%7);(107);452¢
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Proton decay and unification

The most pressing constraints are
o unification of couplings at Mgyt

o proton stability, 7,_, ro.+ > 8.2 X 1033yr: Mgyt should not be too low, as well as masses of
particles mediating proton decay

2
mp T 2 2 2
M~ sz ZAi|Oé|2(1 +D+F) %[ASR + 4Ag] iRy = (23(11)/20,9/4,2)
= X,
Mzsmi<Meur ai(myi1) “*L(R)i/(zyzgmjgml biy)
Asumy = 1 ()
i=1,2,3 | itmy
e Wy, Az, and As should be heavier than 1012 GeV
@ pg must be above 10° GeV to accomodate BBN constraints
o We find that range ma € [300 GeV, 1 TeV] is consistent with unification and proton

stability. [backup]

@ Increase of proton lifetime by factor of 6 would rule out this scenario.
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Yukawa sector

Mass terms:
1 Phenomenologically well known
Mp = —Yivg— EYSV; couplings:
17 . Y = E} 1D}
Me = 3V vs— =Y v RTLVR
2 g =2V2UL(Ys — YU
T T
My = 2V2(Ya— Y )vis — V2(Ya+ Y )ws

Going to a flavor basis, where rotations CKM

and PMNS matrices stem from rotations in u; s (GeV)

and v, sector: 030
i 1 045
dl
Efmgee = (75; Y3Djvs — Yis),
0.40]
. 1 _ _
dl
MIEDy = (—EE); Y3D}vs +3Y vas), Zoss g
0.30)
EfmEPE — MEPE DS = —4Y vs 025
0.20]
@ We apply the constraint on scale =0 0 o e 500 550
megut = 1016 GeV.
. . . <52x10°0 <12x1074 <20x103
@ Randomize unitary matrices Eg and Dg and vz € | < 4.5 x 107 <13x1074 [0.6,2.3] x 103
. . . . . -5 -3 -3
test if obtained Y is compatible with <3.6 X 10 [3.2,3.5] x 10 1.7 < x10

phenomenological constraints
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Scalar (3,1,4/3)

@ As a diquark, it can satisfy both Arg and o constraints in tt production, if g is &~ 2.

@ As a leptoquark, it provides positive contribution to (g — 2),, if Y,.q are large.
.

Complementary constraints

@ D-D mixing and single-top production require guc < 0.1 and g,: < 0.001

~ ~

@ LFV and FCNCs in the down-quark and charged lepton processes together with (g — 2),, guarantee that
1 is coupled strongly to exactly one of the down quarks Y),q.

Y~ (0 or | or | |
L] L] L ] L ] [ ] [ ]
v

Direct observation prospects

@ Second generation leptoquark, A — pgq, or A — ut

@ Mass already constrained to a narrow window ma = 380 — 560 GeV

Present in realistic GUT framework

@ Member of scalar 45-dimensional representation of SU(5).

@ Y, g are, together with vy5, responsible for mass matrices of u, d, and ¢

@ Phenomenological constraints on Y result in fixed, small, value of w45 ~ 0.1 GeV
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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
=123 i

o 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
I~ 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

1620
% 1615 E
5 16.10 3
s =
2 16.05 sl o — proton decay bound on p
m
A
1600 ‘ ‘ ‘ ‘ ‘ ‘ 15,65, ‘ ‘ ‘ ‘ ‘ ]
300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000
my (GeV) my (GeV)

@ Also the octet A; must be light = need to suppress Y;

o 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)

180

1751

17.0

165

15.0

my =200 GeV

my =102 GeV

log,o(m)
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