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SM: Inclusive Asymmetry at the Tevatror
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* mixed QCD#EW interference included: factor 1.2KYhn, Rodrigo / Hollik, Pagani%

* prst contribution to the antisymmetric cross#section is a loop e&ect, brst contribution to
the symmetric cross#section is tree level: asymmetry normalized to LO cross#section

* stable to NLL threshold resummations !one per mil shift$Aimeida,Sterman,Vogelsang%

* NNLL threshold resummations $Ahrens,Ferroglia,Neubert,Pecjak, Yang%
Not expanding the asymmetry inxs: the asymmetry decreases 29" at NLO IK factor",
but only by 5' at NLO+NNLL

* Full NNLO !NLO for the asymmetry" on#going $Bonciani, Ferroglia, Anastasiou, Czacon ...%




Taken from S. Leone, Moriond EW 2012

A, of the Top Quark

[ V. Ahrens et. al., July 2011
arXiv:1106.6051v1 (2011)

[ W. Hollik and D. Pagani, Parton |€V€|

l arXiv:1107.2606 (2011)
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Arg dependence on Moar

$S. Leone, Moriond EW 2012%
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Model Building Craze




The basic problem:
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s#channel exchange
F]

G Is color octet for LO interference with QCD

with Lesv = @ G(g)" + 93" !'5)0h

00 2 q t
Arp x (6 —Mg)g,40,
Need axial coupling; Oaxigluon.O For positive asymmetry need one of these:

* light axigluon: would be visible inM:».-: need to hide, new decay channels to enlarge the

width $Marques Tavares, Schmalz / Barcelo, Carmona, Masip, Santiago%

* signlg? o™= — 1: vector#axial couplings non#f3avor#univergalrario, GR / Frampton,Shu,Wang / Djouadi,

Richard / Bauer, Goertz, Haisch, Pfoh, Westho& / Bai, Hewett, Kaplan, Rizzo / Zerwekh /Hewet, Shelton, Spannowsky, Tait, Takeuchi
Haisch, Westho& / AguilartSaavedra, Perez#Victoria, ...%

* squared of the BSM amplitude dominatedarge vector couplingSrerrario, Rodrigo%

Also: colored scalars do not generate an asymmetry in the s#channel,
and a ZO lor SM Z" in the s#channel does not interfere with the LO QCD amplitude

Seriously constrained by ttbar and dijet cross section at LHC
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t#channel exchange

$Jung, Murayama, Pierce, Wells / Cheung, Keung,Yuan / Cao, Heng,Wu,Yang / Barger, Keung, Yu / Cao, McKeen, Rosner, Saughnessy, Wagner / Berger, Cao, Chen,
Li, Zhang / Bhattacherjee, Biswal, Ghosh/ Zhou, Wang, Zhu / Aguilar#Saavedra, Perez#Victoria/ Buckley, Hooper, Kopp, Neil / Rajaraman, Surujon, Tait/
Duraisamy, Rashed, Datta, ...%

$Shu, Tait,Wang / Cao,Heng,Wu,Yang / Dorsner, Faifer, Kamenik, Kosnik / Jung,Ko,Lee,Nam. Aguilar#Saavedra, Perez#Victoria / Patel, Sharma / Ligeti, Marques

Tavares, Schmalz, ...%
Qa P Q F
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* Alarge FB asymmetry requires large [3avor violating couplings

e Relatively light ZO and/or WO: 0!200#700 GeV", or O!1TeV" colored scalars

* Like sign tt, very constrained at Tevatron and LHC




Minimal Flavor Violating 'MFV" Models

* For t#channel exchange and for s#channel exchange with not too light
particle or not#too#strong interaction need Ravor violating couplings

* Low energy FCNC processes require unnatural tuning of parameters

* Avoid problem by including Bavor dynamics into models: MFV

* Absent Yukawa couplings, the SM has large 3avor symmetry:

Gr=SU@B)o! SUB)y! SUB)p(! SUB)L! SUB)E)

* Introduce new Peld!s" with couplings that respect this symmetry
* Assume all Ravor violation is from Yukawa couplings

* For massive vector belds: non#renormalizable, take as e&ective Peld theory




MFV Scalars
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MFV Scalars

Include tt
coupling for
SUB). SU@2). U1)y URB)us ! URB)p: ! U@B)g, Couplesto s#channel Ag;
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MFV Scalars

Include tt
coupling for
SU@3)e SU2)L U(1)y UB)us ! UE)p, ! UB)q.  Couplesto s#tchannel Ag;
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MFV Scalars

Include tt
coupling for
SU@3)e SU2)L U(1)y UB)us ! UE)p, ! UB)q.  Couplesto s#tchannel Ag;

T also uc: tree level
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MFV \ectors
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Scalars example: models coupling teuk, as 3!bar" or 6 of color, respectively
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Scalars example: models coupling teuk,

Scalar field IX

i
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Vector IV g,IVo Vector IV g,IVo
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Low Energy Constraints on MFV Models

* For this conference will concentrate on Low Energy constraints !additional
constraints from LEP, EWPD, Tevatron/LHC single#top, dijets, etc"
* Mixing gives most severe constraints. Parametrize by:

CL
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To get an idea of how this goes, consider vector models 1#IX.

Only one operator contributes for these models; parametrize by

: HZP B = Mz(Ytthth) (&1 H*b)?, ! ’HNPK = Mz(ytvts V)2 (&1 Hsp )2,
v

#
| Hy = |\/|2(y BVipVen)2(aLt fup)? ! He T = Mz (Vo) 88c A1 st 8Ll
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Results, in next slide, use
ly = YIYy,! b = YIYp and ry = my, /my
Also Cs=1,

and  Acc = contribution from box diagram with new charged vectors
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02 (07 25)7 i, 2)” 4 (et ]! <!2"!;!>2+(!;+!;!>21!1!;

4r g 12r3 12r3 4r 2 12r2 re

yukawa supresse

universal
hs ~ hd

Complex
universal
phase




Comments Isummary for vector#beld models":

* Universal models: lllso, IV so VIII so X s0:
* ha = hs, SO to account for both as NP e&ects need highy and low/;
* h, easily accommodated, with(zi/0.1)(1 TeV/ My) = 1
e modelsVIIl s, IXso additional RavorMy dependence can giva, '# h;.

* Yukawa#suppressed models:

® |so Vso: ys2#suppressed
e to account for NP needMy #100 GeV, i~ 1, yp~1
e predict negligible hq = (s /ys)? hs.

* X36: ys#suppressed
* hy easily accommodated, with(zi /1)(1 TeV/ My) ~ 1

(new operators contribute, enahced)

® predict small but non-negligible iq = (ya/ys) hs

* Loop#only models, Vlk,, Xl 36:
* ha~= hs, because of MFV assumption

® contribution to 4, can carry new weak phase

* Explain Arp and B mixing anomalies at the same time?
* |f any on! specibPc model is to bt both !'with mixing from tree level" need

couplings to both#quarks andi s, b#quarks
* select models that couple to doubleQ; anddr or O, again: Ill, IV, VII, VIII, IX, X

* X contributes negatively toA4rz
e others, as you saw, are OK Ibetter with this yearOs data"
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Story with scalars models similar:

but no time today




Spin#, spind ... why not spin2??




Massive Spin-2 States

e Complex massive spin-2 particlég,{ could arise
from many dierent contexts: resonance of QCD,
KK modes of graviton, or a four-dimensional thec
of massive gravity.

e h,, propagate 5 degrees of freedom. The

propagator is of the form

| "a s L Mgt T Vap
= + —
M) = (2 ( 2 2 3

Kk,

a few slides stolen from P. Uttayarat NOTE: this is not MFV!!
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Coupling to Fermions

o hy couple to the Oenergy-momentumO tensor.

e We will concentrate on implication of massive spi

states onA%;.
o Dimension 4 coupling;hfg;q;
» 1,] are Bavor indices. Other indices are suppressed.
» Similar & ect to color-singlet scalar exchange which h:
been much studied in the literature.
Flavor violating coupling to top quark Is constrained tc

be small from same sign top production at LHC.
We will ignore this coupling in the rest of the talk.




Dimension 5 Coupling

@ We will focus on couplings between u and t pair
which are the most relevant ones for A}:%,

Ls

4,cguttL(' L Yy,

I

=+ 4fgut("“t|_ RS- t! Muchy +hc

+(u! t)+(L! R)

y

@ We will ignore diagonal coupling, ie. take guLlSR) to

be small.




Flavor Constraint
SU(2). relatesgh, = gk
which is constrained by
Bq-B4 mixing.

e This diagram contribute to the 4-quark operator
the form @ ~,b. )(8.~"b ). Dimensional analysis
yeilds

05Ot mg
f2 M2

e It is suppressed by the smallness of bgpth(as In
the same-sign top case) and the ramng/ M.




Arg rises withMi; (pre-Moriond 2012)

gR|/f =2.36(TeV)' !, M = 350 GeV

0.6+

|

0.4-

%-(EE O'Zf

0.0r

1 0.2-




t@ dil erential cross-section

lgR|/f =2.36(TeV)" 1, M = 350 GeV

100
t

10

d! /dM 4¢[fb/GeV]
|_\

o
=




Arg post-Moriond 2012

fua]
L
<L

0.6

gR/f =1.1 TeV ', M =200 GeV
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LargeAgs In high mass bin
Oiu = 9 = Gix/10 = 3g;]

g2l Tev' V"

Allowed parameters conbdence regions ! I'and2o !

Regions disfavored by constraints from same#sign tble", EWPD!red",
lwidth of the top constraint is under the blue for this set of parameters”
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Brief Summary

Producing large Ag typically requires large RBavor non#universal couplings
Simple rationale for naturally evading of FCNC constraints: 3avor symmetry

Constructed all possible !e&ective" theories of sp#r # Ravor symmetric
Pelds with Ravor breaking dictated by MFV

Bottom line:
I no model does perfectly in btting Ag and total cross section/spectrum

I some models also accommodate mixing anomalies, but typically are
Ravor universalAq = h"

Model of spin#2 have inherently stronger dependence on kinematic variables

I Can bt very well even very large asymmetries

I Need to incorporate Ravor coherently into such models

The End




As the last speaker...

On behalf of all the participants

Our deepest gratitude to

Giulia Riccilardi
Crisostomo Scilacca

Guglielmo De Nardo
Mario Merola

for organizing a wonderful, successful workshop
In such a beautiful setting

(and for inviting us!)




FB asymmetry in the SM

$KYhn, Rodrigo, Moriond QCD 1998, EW2012%

* |In QCD brst arises at orderas:

I Interference of ISR with FSR q Q

LO for ttbar+jet

negative contribution to ttbar+l1 jet i

q Q
(a) (®)

I Interference of box diagrams with Born ——{000000)

l+soft" 1 ‘

positive contribution to ttbar 'no jet"

(©) (d)

I Flavor excitation lgg channel" much Q
smaller i}
}_§< . ””}@@?\<
I Color factor (d2b¢)2: pair in color singlet q

q

I Loop contribution larger than tree level:
top quarks are preferentia"y emitted in th!
direction of the incoming quar#




EW corrections

QED: same diagrams as QCD replacing a gluon by a photon

QCD to QED relative factor:

%UIH L

Counting quarks lignoring PDFs, which only slightly modify this":

fQED B 4f, QED | f QED

~ 0.18 -O'H>-0#)&

quED+fdQED

FQED _ - ~ 0.13 -001"1JB




weak !Z boson" correction

Winyux S %@6 V( S

C_| e
B N U wsxg%6

® Strong cancellation between up and down quark contributions

* \WWeak Sudakov logs $Manohar, Trott%: at md@s02-0.03




