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Top Production at Tevatron

® ppat [.96 TeV il
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Top Production at LHC

® ppat/,8TeV Overall view of the LHC experiments.
o ATLAS & CMS
o ~6 fb!/expt
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® Expect ~20 fb"!
this run (2012)

But dominated by gg rather than qq collisions
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Parton distributions
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® uu—tt dominates at Tevatron, gg—tt at LHC
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Standard Model Prediction

® Only qq asymmetric Ty eoenete > <
Y A 0000001

® NLO effect ~5% at 0009900 3
parton level Apg > 0 dominant (low p%
® t prefers q direction N
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y=—1In &
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QED/EVW Contributions
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Kuhn & Rodrigo, JHEPO1(2012)063

+5% from Z° contributions = 23% increase

Bernreuther & Si, arXiv:1205.6580
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Monte Carlo Event Generation

—

-

Hard subprocess
e.g. ull — tt
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Monte Carlo Event Generation

Parton showering
= |ETS
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Monte Carlo Event Generation

Top decays J% [l
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Monte Carlo Event Generation

Hadronization
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Monte Carlo Event Generation

Hadronization
and decays
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Monte Carlo Event Generation

——

Und
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Including Next-to-Leading Order

—

-

Hard subprocess
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Including Next-to-Leading Order

—

-

NLO Hard subprocess
(loop correction)
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Including Next-to-Leading Order

—

-

NLO Hard subprocess
(real emission)
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Monte Carlo Event Generation

NLO Hard subprocess
+Parton showering

= Double counting?? = need matching prescription
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MC@NLO matching

finite virtual divergent

dO’NLQ — ( —|—V((I)B) /ZC (I)B,(I)R d(I)R d(I)B—I—R (I)B,q)R)d(I)Bd(I)R

B+V—/Cd<I>R] A + Rd® 5 ddx

dove = é(@B) AP [AMC (0)+RM%(((IZIZ)¢R) Anic (k7 (P5, PR)) dch]

= Bd®p [Amc (0) + (Rmc/B) Anc (kr) d®g]

Sudakov factor = R dr D
P(no emission —> Awnic (pr) = exp [—/d(DR ue (25, 2r) 0 (kr (5, Pr) — pT)]
above b ((I)B)
PT)
domcanLo = [B +V + / (Rvc — C) d@R] d®p [Amc (0) + (Rye/B) Awmc (kr) dPg|
Z;(R — Rumc) Awc (kT)‘%? d®r \
finite=0 MC starting from one emission

MC starting from no emission

® Expanding gives NLO result

S Frixione & BWV, JHEP 06(2002)029
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POWHEG matching

donvc = B (®p) dPp [AMC (0) + RM%(((IZDJZ)@R) Anic (kr (Pg, Pg)) dch]
dopy = B (®p) d®g [AR (0) + R;@(’Z;R) Ag (kr (D5, ®R)) dch]

B(®p) =B (®p) +V (®5)+

/|

R(®p,PR)

R(®p,®r) — » Ci(®p,PR)

AR (pr) = exp [_/dq)R

® NLO with (almost) no negative weights

B (®p)

d®r

Use exact R in

0(kr (Pp,Pr) — pT)] <— Sudakov factor for

hardest emission

arbitrary NNLO

_ !
® High pr always enhanced by K = B/B =1+ O(as)
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Leptontjets mode

® CDF: 2498 events

® Acceptance/selection cuts reduce asymmetry

“* Lepton and at least 4 jets (inc. | b-jet)
with pr >20GeV/c, |n[ <2 (|nfp <1)

* Missing Er > 20 GeV
® Simulate SM with MC@NLO or POWHEG
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CDF Results
CDF Note 10807

® CDF report a large effect, increasing with tt invariant mass
® SM predicts a smaller NLO effect

¢ MC@NLO and POWHEG in good agreement

e CDF claim Pneo=0.0065

CDF Run Il Preliminary L = 8.7 fb™

<E 0-55—-— l+Jets Data Ay =y — s
0.4:— —— NLO (QCD + EW) tf + Bkg
0.3;— . T A = N(Ay > 0) — N(Ay < 0)
0.2F | N(Ay > 0)+ N(Ay < 0)
b T |
e

350 400 450 500 550 600 650 700 750 800
M, GeV/c?
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CDF data: low vs high mass

M, < 450 GeV/c? M, > 450 GeV/c?
CDF Run Il Preliminary L = 8.7 b CDF Run Il Preliminary L = 8.7 fb”
0 —e— |+Jets Data - Bkg < 450 GeV/c? ' 200 [ —— I+Jets Data - Bkg M, > 450 GeV/c?
S 600 A.. = 0.025+ 0.031 M el e - A=0.2%0.043 ‘
) NLO (QCD + EW) tt [ - R Lo_(gcozg; EW) ti
§ 500 A, =0.018 § 150 | EY)
& it i | TNNE
300 100 |- _+_
200 —+ —+ " 3 | ‘
100 - -+ *
—— | F ——
. 1 - - - A~ I 1 a P 1 l . —l =
R D 0 T 2. 3 O 0 1 2 3
Ay Ay

® No significant asymmetry below Mg = 450 GeV
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Dllepton decay mode

Nis = M- CDF I Prellmlnary
2 det 511" | _pata
d:) 60 — I:lti
> - ==+ 1o error
Ll = DFake
_ [ DY
40 I
B [ WW/WZ/Zz
20—
0

AAUI

obs

=0.138+0.054

AM = —0.022 =0.022

pred

ytop ytbar in Lab

CDF II Prellmlnary

7) 60
= i f Ldt= 51fb
Q "
TR
0 -g-; oot
-2 -1 1 | %
Ay,
A% =0.138x0.054

AM = —0.015+0.023

pred

® Consistent with lepton+jets mode

® Results from 8.7 fb-! coming soon
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DO Results

[+>4 jets| [+4 jets [+>5 jets

Ars (%) 9.243.7 12.244.3  -3.0£7.9
MCQANLO Arp (%) 2.4+0.7 3.940.8 -2.9+1.1
[+>4 jets [+4 jets [+>5 jets

ALy (%) 14.2+ 3.8 | 15.9+ 4.3  7.0£ 8.0
Mc@NLO ALp (%) | 0.8£0.6 | 2.1+ 0.6  -3.8+ 1.2

® Disagreement with SM

arXiv:1107.4995

Top asymmetry

oso- M tE
- [ W+jets
200— [ Multijet

e Data

DO, 5.4 fb!

Lepton asymmetry

B it

e Data

= 3.4 s.d.

[ W+jets
[ Multijet

+ DO, 5.4 fb™!

® CDF Mg dependence not confirmed (?)
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tt

Arr at Tevatron

m NLO (QCD+EW) | CDF,5.3 fb’! DO, 5.4 fb"! CDF, 8.7 fb-1

Inclusive

M., <450 GeV/c?
M., = 450 GeV/c?
|Ay| < 1.0

|Ay| = 1.0
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5.8+ 7.4 19.6 + 6.5 162 + 4.7
47 —11.6 % 1523 (Bk;fu:tfite g  78E54
10.0 475+ 112 (Bkgl.léi bﬁéﬁ )  P6E6T
43 26+ 118 (Bkge.).SIu:t:;lcte g 8BE4T
13.9 61.1 +25.6 21,3 £9.7 433+ 109

(Bkg. Subtracted)

e CDF/DO disagreement?
D. Mietlicki, Moriond, 2012
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NLO+NNLL Prediction

Ahrens, Ferroglia, Neubert, Pecjak, Yang, PRD84(201 1)074004

04 V.0
[ NLO+NNLL /5 =1.96 TeV mmmmm= NLO+NNLL ‘
03 [ NLO 0.4 e NLO |
~ 7  —}— CDFdata
] — 0.2}
S 02 B
00 , < | (—
<
: 0.0
0.1 |
, —-0.2}
oot ] * |
400 600 800 1000 1200 450
Mz [GeV] Mz [GeV]

® Stable w.r.t. soft gluon resummation

® Could still be hard HO effects
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tt inv. mass at levatron

CDF Run Il Preliminary L = 8.7 fb™ CDF Run Il Preliminary L = 8.7 fb™
R F 'R
<§ 600 F —e— |+Jets Data § —e— |+Jets Data
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- - - D E ]
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e CDF/DO in agreement with SM
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normalized distribution

K factor

tt pT
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D@, 5.4 b N
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I Multijet
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“ Melnikov, Scharf, Schulze, PRD85(2012)034025
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at [evatron

DO, Phys Rev D84 (201 1) 112005

(b)

10 20 30

DO, 5.4 b

tt PYTHIA ISR off
W+jets
[ Multijet

e Data

40 50 60 70 80 90 100

Reconstructed tf transverse momentum [GeV]

CDF Run Il Preliminary L = 8.7 fb™

? [
~ 800
% E CDF —e— I+Jets Data - Bkg
c | 4 — [POWHEG+Pythia
© ool _
A . —— [MC@NLO+Herwig
~ -
[ —4— —— Pythia, CDF Tune A
c 400+ .
a>J . —— |Pythia, No ISR
m | -

200

O e g 2 1. .. 1, .. 1. ... /... /..., .
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e CDF/DO disagreement
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tt pr dependence of asymmetry

0ol MC@NLO
' N7 . T MCFM
i + — HH CDF (prelim)
0.11— | _
I'S-\ ~ ]
+ B
5 —
= 0.0 +
= S
< - T—
-0.1—
—0.2— —
_O.3 i | | | | | | | | | | | | | _-I | | | | | | | | | |
0 20 40 60 80 100
tt
pr (GeV)

® Pure NLO (MCFM) has delta-function at pt=0
® CDF data disagree with MC@NLO

® Asymmetry should change sign at ~25 GeV
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Arg in LO Monte Carlos

® [ eading-order Monte Carlo =
Born process + parton showers

® Born process has ho asymmetry

® Hence LO MC has no asymmetry!?

Skands,Winter, BV, arXiv:0512:1466
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Wrong!

0.3 LI LI | | LI | I 0.30 UL | UL | | | | UL | | | UL | | | UL
- —— MC@NLO - - ——MC@NLO, MCFM -
0.2 — 0.25 —
---- MCFM . - § Herwig++ .
B :+: Herwig++ - B I Sherpa 2
0.1 1} Sherpa 0.20 T
|..§\ B ] /I-"\'> B _
+ - - + -
0, 0.0 = 0.15— _
~— - = T — N~— =
Mm N - m | i
Fr [~ ] F N
< [ = _ < _ ‘L
—0.1— e 2 2 — 0.10 |— i
i = Iﬂ% %Iﬁ i % X x |1
= By IIIII I = e . 2 ! =
~0.2 — — 0.05— = 54 L —
_0.3 i L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 ] 0.00 | 1 1 | 1 1 | | | | 1 1 | | | 1 1 | | | | 1 1 ]
0 20 40 60 80 100 400 500 600 700 800
tt
pr (GeV) Mz (GeV)

® |O MCs with coherent showering do!
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What'’s going on?

{ (b)
& - ]
q AR
e
£ONT

® QCD radiation controlled by colour flow
® Backward top = more radiation
® More radiation ==p bigger recoils

—p bigger pr(tt)

Is Top Asymmetry Just SM Physics? 32 Bryan Webber, ETH, Oct 2012



Soft gluon limit

d26 4 /dpr d cos b g 16 (N2 —4) log (1 — Bcosh

— = ~ 0 < cosf <1
2dop/dcosb 2rpr 2N 1 +BCOS«9) ( )

5:\/1_4771% 1—5cosé:pq-pt
§ 1+ Bcosf  DPq- Dz

® Negative asymmetry (for pt>0)

. . as 16 Pq " Pt
® Dipole shower gives 5 —Crlog (pz ,pt) :

i.e. N>—1 in place of N* -4

=P 60% overestimate
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Ars vs pT(tt)

0.3 [

02:_=~= ——MC@NLO

Forward tops N uenM -
B :{Herwig++

Ieft at IOW PT \G\k;; ISherpa —:

= Arg>0 -
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moved to high pt  -o2[- Tt R AL
=P Arp<0

_O.S_IIII|IIII|IIII|IIII|IIII
0 20 40 60 80 100

pr (GeV)
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Inclusive Arg vs m(tt)

® |ess radiation from forward tops
® Sudakov factor is larger: A > A_

® Migration from F to B is smaller: P, < P_,

Aoy = /dULOJAy>O Ay + (1= A)(Piy — Pro) |
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Inclusive Arg vs m(tt)

0.30 _I | | L | L | L
C CONLO. MCFM ] Sherpa coherent
0.25 — . .
- Herwig++ : dipole shower
- ISherpa 9 .
0.20f - _;-'_/ Herwig++ coherent
~ I T T parton shower
\Ej 0.15 y T
z e e QCD loop effects reproduced
< I = 3L .
0.10f ! (approximately) by Sudakov

factors in coherent showering

0.05— = 5HF -
E?TI | | | 1 ® Shows importance of higher
000 e 500 700800 order recoil effects (not yet
Mz (GeV) computed exactly)
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Top quark asymmetry at LHC

e |LHC is a pp collider s no effect??

® No! Effect should increase with Y& (q vs Q)

® SM effect is small

10.00 1 | | | | | |

5.00 —
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1.00 —

0.50 —
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010 __|

0.05 —

|
_——— e ——
|

I
e - — — —
|
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__________

—
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V-

0.01 %
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Top quark asymmetry at LHC

e |LHC is a pp collider s no effect??
® No! Effect should increase with Y& (q vs Q)
® Rapidity correlation should be as shown below

® Top rapidity distribution should be wider

1

Ay =y — yz, Ytz=§(yt+yz)

(Ay > 0) — N(Ay < 0)
(Ay > 0) + N(Ay < 0)
(
(

Aly| > 0) — N(Aly| < 0)
Aly| > 0) + N(Aly| < 0)

Aly| = |ye] — lyr] >0 g Ay - Yz >0

Yt
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tt Ac at LHC

N(Aly| >0) — N(Aly| <0) _
A p— A — — n
“ 7 N(AJy[ > 0) + N(AJy| < 0) yl = lyel =l

<OO-157 ] <O o 'CI'VI'S L L L L L L B
i =1.041b ATLA . B —e— Data 3
det 104 ol 04[50t at \s=7TeV EAG ]
01;—.— Unfolded data ] ’ : I+jets — NLO prediction :

- % MC@NLO B i
0.05j ] 0.05 - _
0 J ® _ E — :
i ] 0 -
-0.05j @ 7] - _
-0.1F = -0.051 7
O 15* N 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ]
o 300 400 500 600 700 800
< 450 > 450 mﬁ [GeV/CZ]

® Much smaller than Arg

Qv Js ® Good SM agreement (so far)

t e EAG = effective axigluon, fits CDF
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Comparisons with BSM Models

A” Mtt Mtt>450 GeV

0_1IIII.|I:III|I%I!I|IIII|IIII 0_15IIII|IIII|IIII|IIII|IIII|IIII|IIII
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| ; . : ‘ v .,_.;%g;
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: -?;\'.:h & B G
L ; o l\"'&'- é-:zz..:-' AN . . *jé&;i
i f A Z W’ S R
e SR . e SNy N
Wi oty N | R Z
Segude'el seot G age; & 200 }\ o .‘&" %
0.05+ P R B F e _| e
y SO G B L
S5 7
o ,

[ | | | | | | | | | |
3
<
| | | | | | | | | | |

sm” ATLAS

0 0.1 0.2 0.3 0.4 0.5 O ©O01 02 03 04 05 06 0.7

Arg Arg

® Not clear that any model is much better than SM
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tE PT & M+ At LHC

> T T TT | T T TT | T 1T | T 1T | T T TT | T T 17T | T T 1T
[0 L ]
31 200 ATLAS e +=4jets (= 1 b tag)
- B -1 ]
- | Ldt=1.04f —+—data .
P f a=1041%"" mc@no—« i
"q:'; 1000~ » W+jets 7]
> 7 Ztjets i
w y Diboson .
800 Il Singletop
N7 Bl Multijets ’
o7 Uncertainty |
600 N .
400( .
‘ :

0 _ A T orererele e 0:0.00.0 9.
0 50 100 150 20 250 300 350

p,(tf) [GeV]

> r T T T | T T T | T T T | L | L | T T 1 | T T 1 | T ]
Q C .
320003 ATLAS e+> 4jets (= 1 b tag) ]
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® - ]
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Il Single top
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ATLAS, arXiv:1203.5015
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® Good agreement with MC@NLO
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Conclusions

® Asymmetry larger than NLO SM seen by
CDF in several independent data sets

® DO also see this but no mass dependence
® DO top pair pralso inconsistent with SM
® HO SM prediction not yet clear (recoils)

® Asymmetry at CDF (not SM) level could be
seen at LHC in this run

® So far no sign of BSM at LHC
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Backup
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Ac vs Arg in various models

0.10 L B :TL [ r r r r [ rr 1]
- : 8 ,
+ e
-
a }ﬁﬁg
O £
: °' : 3 t Z’
005 \&F| L ab . .
& | e . W
> .~‘~'.:.: | \ . 94
?:.:19 X ’:/: ......................... 4| ..
] / g r W
R R G-
oF ' |CMS 4.7 / b o |

TCMS 1.09/ b

- MC predictions from
- | ; 1105.4606, 1107.0841 |
-0.05111:11 111111111[111111111
0 0.1 0.2 0.3 04 0.5
Anew
FB

® NB: A% is deviation from SM (so SM is 0,0)

Adapted from | Aguilar-Saavedra, arXiv:1202:2382
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“Axigluon” model

Ferrario & Rodrigo, PRD80(09) 051701

g,.g

CDF

|

M .
s %= OctetA ‘
“ tf + bk
<05 . |
““E low hig
0.33—< >
0.2 |
: 4:++ B
0.1
- ——
OZ ............ + .............................................
-0'1_I_ IIIII I IIIIIIII IIIII|IIIIIIIIIIIIII|I

I
350 400 450 500 550 600 650 700
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750 800
M. (GeV/c?)

45

sample “Octet A”

9,=0,[ga =3

g9 =-d'a

Mg =2.0 TeV

xsec ratio: o/og,, = 1.02

M;; spectrum ~ compares to Pythia
Model: Parton A; = 0.16 Reco A; =0.08
Data: Parton A, =0.15, Reco A; =0.06

Can fit CDF At data

Mg spectrum will differ
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Axigluon search in dijets

ATLAS, arXiv:1103.3864
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® Resonance bump would be similar to q°

® Exclude 0.6 < Mg < 2.1 TeV
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£’ exchange models
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Is Top Asymmetry Just SM Physics?

Jung, Murayama, Pierce, VVells,
PRD81(2010)015004

Rutherford scattering = asymmetry
Interferes with QCD uu — ¢* — tt
RH coupling avoids FCNC constraints
Data favour light Z' mass, below top
BUT...

* Also get uu — tt

* anduu — Z'7Z" — t*ut*u

=» need mixing so Z' —
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Nonabelian Z’ model

UR tp Jung, Pierce, Wells, arXiv:1103.4835
/ tR
T2, * SU(2)x doublet ( o )
UR tR ® Gauge triplet Z'_, Z (they call W', Z')

® Don’t get uu — t¢ (when unbroken)
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Z’ model asymmetry

® Jung-Pierce-Wells nonabelain model (point A) can fit data:
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CDF asymmetry at LHC?

e |[HC is a pp collider = no effect??

® No! Effect should increase with Y& (q vs q)

® Jung-Pierce-Wells model (point A) s smaller effect (uu only)
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CDF Wijj anomaly

CDF arXiv:1104.0699
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® No anomaly in 7jJ = flavour-changing Z’?
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W’ model

A Papaefstathiou, in prep.

Tevatron, Delphes CDF sim., 5.3 b~ ! Tevatron, Delphes CDF sim., 5.3 inv. fb
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® |ncludes simulation of CDF detector
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