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Top Production at Tevatro

e pp at 1.96 TeV il
e CDF & DO = el

Booster Vs=1.96TeV
o ~5 fbl/expt S35l CPF— = Pmy pg
NN - = -
B | Tevatron
» 40,000 :t-t psourCe / :’ Main Injt;:—cfof . .':
“\\ . & Recycler e
t — Wb R
W —elg, ity — 1 + Z # Fermllab pp Tevatron Coi"'laer?f
(W — 7v,)

W — ud,c5 — jj
= tt — bbll + I (5%), tt — bbljj + F (30%)
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Top Productlon at LHC

TS S
uverall

e pp at 7 TeV Overall view of the LHC experi
e ATLAS & CMS
o ~2.5 fbl/expt
e !47~160 pb
=» 400,000 tt

e Expect >5 fi¢
this run (2012

Butdominated by gg rather than gq collisions
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Standard Model predictic

e Only qgq asymmetri R e > <
Y A Q]
® NLO effect ~5% at 00090905
partOn level A" > 0 dominant (low p4
® t prefers ¢ direction N
1 E+p >fmmm~< >mmmr~<
y = —1In ( z)
2 IDES Pz
- EXpeC’[yt > yr A < 0 if extra jet or high pfz’f

N(Ay >0) — N(Ay < 0)

o o tt __
Ay=y—y; =p A N(Ay > 0)+ N(Ay < 0)

> ()
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Lepton+jets mode

e CDF: 1260 events,Il.e.~10% acceptance
e Acceptance/selection cuts reduce asymme

*+ Lepton and at least 4 jets (Inc. 1 b-jet)
with pr >20GeV/c, |n| <2 (Infy <1)

* MISSINgEr > 20 GeV
e Simulate SM with MC@NLO event genera
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MC@NLO matching

Pnite virtual divergent
donLo = _B (@B)+v‘(<{3) - / e cb;,%{]% dd dq>3>$ (Bp,Dp)dds ddy
= _B +V — / Cdo R] d®p + RdPpdPp vB\ogrg) gg:se prI]Earrsliessgggce
doye = B(®p) ddp [AMC (0) + RM%(((I();;)@R) Anic (b (@5, ®R)) dch]

Bd®p [Amc (0) + (Rvmce/B) Amc (kr) dOg] \Sudakov form factor

(no-emission probability)

d! MceanLO = [B +V + / (RMC — C) d(I)R] dd g [AMC (O) + (RMclB ) JANYTe (kT) d(I)R]

eﬁ(R — RMC) AMC (kT) d(I)B d(I)R v
Pt \——

MC starting from no emission

MC starting from one emission

@ Expanding gives NLO resy S Frixione & BW,JHEP 06(2002)029

S Frixione, P Nason & BW, JHEP 08(2003)
Asymmetry in Top Quark Pair Production 8 Kyoto MC Workshop, Sept 2011



CDF Results

arXiv:1101.0034

e CDF reports a large effect, increasing with tt invariant mass

e SM predicts a smaller NLO effect

e MC@NLO and MCFM in good agreement

0.6 — F}-( CDF data signal
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tf Invariant mass distributio

—— data
e, {f + bkg
s " background

Events / (15 GeV/c?)
S
|
<
2

e No sign of bumps or
other anomalies

e 2/3 of events below
Mi = 450 GeV

e 10% disagree with Sl

e Claim 3.4 st.dev. abo
SM at M > 450 GeV
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NLO+NNLL Predictior

Ahrens, Ferroglia, Neubert, Pecjak, Yang, arXiv:1106.6(

04 0.0
[ NLO+NNLL /5 =1.96 TeV mmmmmm NLO! NNLL ‘
03 [ NLO 0.4 e NLO |
~ 7  —}— CDFdata
L 02
= 02 s
i | < | —
<
: 0.0
0.1 |
, #0.2}
oo f o * |
400 600 800 1000 1200 450
Mz [GeV] Mz [GeV]

e Stable w.r.t. soft gluon resummatic
e Could still be hard NNLO effects
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CDF data: low vs high ma

5 I:)Aata 0.016+/-0.034 ;-": e
. =-0.016+/-0. : A =0.21+/-0.049
> 50| [ 1 + Bk Mip < 450 GeV | ™) AT Mz > 450 GeV
()]
- A =-0.0087+/-0.034 £ 140 A =-0017+/-0.05
:>: 400 I Background g I Background
w

A =0.00073+/-0.069

—_
N
o

A =-0.024+/-0.11

100

300 ;— ++ s0r —{—+
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()
X=}
QO T T T[T T T [ TTT [ TTT]T
()
—
o
—
N

selection  all M M < 450 GeV/c?> M > 450 GeV/c?

reco data 0.057£0.028  -0.016£0.034 0.21240.049
Mc@QNLO 0.017£0.004  0.01240.006 0.03040.007

e No signibpcant asymmetry belowM 450 GeV
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CDF data: lepton charge

f data (negative lepton) >;: data (positive lepton)
S 70 A = -0.21+/-0.071 S 90 A = 0.21+/-0.066
= {f + bkg M. > 450 GeV | = {f + bkg M,z > 450 GeV
2 0 A = 0.015+/-0.07 tt = £ 80 A = -0.02+/-0.072 tt =~
3 [ bkg $ 70| bkg
50 A =0.019+/-0.16 w A = -0.028+/-0.16

60;—

[ [ = "3 +
0 + +
o et ==

:
t

_l.
+
T

-
o
IIIIII TTTT

1 ©
TTT

3 - 2
Ay|h= Yi= W Ay|h= ViV

selection  all M M < 450 GeV/c? M > 450 GeV /c?

A;;L 0.067£0.040  -0.01340.050 0.2104=0.066
A, -0.04840.039  0.020£0.047 -0.21040.071

Independent data sets are consistt
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Dllepton decay mode

Nis = ‘]l CDF I Prellmlnary

det 51 fb"

ytop ytbar in Lab CDF II Prellmmary

— Data

|:]tt

60—

det 51fb — Data.

mov 7T S —

[ WW/WZ/Zz

a‘
Events

vvvvv L | @ wwwzizz

=~
o
| | | I I I I | I I I | I I

—Y 0 B 2 - 0 1

A% =0.138 £0.054 AY =0.138 +0.054

obs obs

AM = —0.022 +0.022 AM = —0.015+0.023

pred pred

e Consistent with leptos jets mode
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DO Results

TABLE IV. Agy-based asymmetries.

arXiv:1107.4995

0.6

Are (%) ~__Top asymmetry
k= C 7 -1
Reconstruction level Production level §25°_— __Lisy DO, 5.4 fb
I - [ W+jets
Data 9.2+3.7 19.6 +6.5 200 [ Multijet
MCQNLO 2.4+0.7 5.040.1 - ® Data
150
1003
5oL

I 1 3 . - 3
0.4— +CDF data signal — Ay
NCNLO , { : ) Lepton asymmetry
o2 _ 5 108 D@, 5.4 fb™
A 1 o 140 [ WHjets +
} i ] 120 [ Multijet
L L T 100 e Data
Tk .I 80
eog—
I 7 40—
-0.2— —
L - 20
| 1.5 1.5
450 GeV/c? Mg ' ' ' ay,

e Disagreement with SM 0>3 s.d.O

e CDF Mr dependence not conbPrmed
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p+- dependenc

m : — I T T T T T | T T T T | T T T T | T T T T
© 900" D@, 5.4 fb™' [ tt MC@NLO
d>, 800 — + . i ! MC@NLO Dashed: no cuts ]
w = (a) [ Wejets 0.04 — Solid: with cuts ]
7005 [ Multijet [ '
6///// / //;

______

0.01— —
L | 4

0 10 20 30 40 50 60 70 80 90 100 I |

Reconstructed tt transverse momentum [GeV] 000 T a0 It t 60 80 I_r_T_mo_

e DO data disagree with MC@NLO T ']')T" T
e Asymmetry changes sign at ~20 G : — :
o Loss at highpwould enhance =1 — | :
asymmetry oF e I

e What about CDF data? _||||_
T T e T T T e
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Top quark asymmetry at LHC

e LHC is app collidesp no effect??
e No! Effect should increase witlkkYq vsTQ)

e SM effect is small (plots show MC truth for 24b
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Top quark asymmetry at LHC

e |HC is app collidesp no effect??
e No! Effect should increase withk(q vsT)
e Rapidity correlation should be as shown below

e Top rapidity distribution should be wider
1
Ay =y =y, Yir= 5l

N(Ay >0) — N(Ay < 0)

Yt + Yz)

Atf:
Uz N(Ay > 0)+ N(Ay < 0)
A, = Nyl > 0) = N(Aly] < 0)
N(Aly| > 0) + N(Aly[ <0)

Aly| = |ye] — lyr] >0 g Ay - Yz >0

Ut
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SM asymmetry at LHC

e | HC cuts assumed:

+ 1 charged lepton and at least 4 jets (inc. 2 bC
with pr > 20GeV/c, |n| < 2.5

+  MissingEr > 20 GeV

e 4 jet cut reduces gg contribution
BN L L

1000 o cuts LHC 7T€V—E

= |
2.00 — F T 1

______
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1.00 | : | gg —
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0.50 [— S N A SN —]
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e LHC is app collidesp no effect??

SM asymmetry at LHC

e No! Effect should increase witlkk(q vsTQ)

e SM effect is small (plots show MC@NLO for 24b
Ay =y —yr, Yo = 5yt + vr)
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SM asymmetry at LHC

e |LHC is app collidemsp no effect??

e No! Effect should increase withkY(q vsT)

e SM effect enhanced by cut onetill insignibcant

1
0.3 Ay =1y — Yz , nf:§(yt‘|—y5)
L T T T ]
[ su {7 gatguts ] - N(Ay>0)— N(Ay <0)
- - 1AM =
0.2: SM, 4 jets LHC 7TeV : N(Ay>0)—|—N(Ay<O)
0.1 — ______ T | [ ay ]
Atf - 005__ SM, 4 jets B
oobm ——— . oo
s SR Atf
—0.1f- - °'°°-: ———————————— T
—0.2-— ] ~0.05 -
; Mz >500 GeV | : Mr>500 GeV |
_0‘3- S Y S S 0.10 |
-2 -1 0 1 2 0 Y.
Yit
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Modelling the CDF asymmeti

e CDF reports a large effect, increasing with tt invariant m.
e Suppose this is new physics

e Model it by reweighting qq contribution by f(M,;) tanh(Ay/2)
~ 1+ f(M;)B; cos®,

B I | I I I I | I I I I | I I I I | I I I I i
- I —
0.6 — >—£—< CDF data signal T — f ( Vi ) — M / .
I S D t9 t@ 2 O O 2
| MCFM N : ! i
------ 0 cuts |
- MC@NLO { . - 0.6
i Cuts ! ¢ ] S i ]
MC@NLO rewgt rom oo [ !---1CDF 'parton level' ! ]
0.4 — T — [ A I S ]
| 1
- - 0.4— + CDF data signal i -
tt i S i
A —» " MCFM | I )
R SR - MC@NLO ¥ T
| - - 1L |
Att 0.2
0.2— — . MC@NLO rewgt i
I e I T R ] L e -
T : ® 0.0 ———— hl"_f “““““““ ,
ekt APy SR . o b ]
0.0 — - — — _ ! i
- I J 02 i —
w 1 | |_- 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 L ] C " | ]
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Mg (GeV/c?)
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CDF asymmetry at LHC?

e LHC is app collidesp no effect??
e No! Effect should increase witlkkYq vsTQ)

e Model CDF effect by reweighting SM byt f(M;;) tanh(Ay/2)
~ 1+ f(M)B; cosb,

0.3 I I I I I I I I I I I I I I
. | | - -
: SM rewgt ] L ]
0.2:— SM rewgt, 4 jets LHC 7 TEBV —: < f(Mtg) — ]\4Itg/200 o 2
0.1 :— o _: E SM rewgt l
A% N F___l__" o ’ - SM rewgt, 4jets [ .
0.0} ] N { ............ :
[ _ ] o i o.oo_ — \
—0.1— 1L ] i \ ]
! i I { ------------ ~ 3o difference ]
o2l — e - « ]
Mg>500 GeV | | : \ Mg >500 GeV 1
-0.3 - N S S S S S —o10L |
-2 -1 0 1 2 0 Yo

Yit
Asymmetry in Top Quark Pair Production 23 Kyoto MC Workshop, Sept 2011



First ATLAS Resul

ATLAS-CONF-2011-10€
e Looked for |y:|!| yel > 0

e No signibPcant effect: consistent with SM

Asymmetry detector unfolded detector and acceptance unfolded
Ac (muon pretag) | -0.020 £ 0.026 (stat.) £ 0.062 (syst.) | -0.016 £ 0.028 (stat.) = 0.064 (syst.)
Ac (muon b-tag) -0.030 £ 0.021 (stat.) = 0.020 (syst.) | -0.028 = 0.019 (stat.) £ 0.022 (syst.)
Ac (electron pretag) | -0.017 = 0.031 (stat.) £ 0.067 (syst.) | -0.023 + 0.034 (stat.) £ 0.065 (syst.)
Ac (electron b-tag) | -0.012 £ 0.026 (stat.) = 0.030 (syst.) | -0.009 + 0.023 (stat.) + 0.032 (syst.)

x10° x10°
2 T T 177 ‘ T 1T ‘ T T T ‘ T 1T ‘ T 1T ‘ T T T4 ﬂ 25 _\ L ‘ T 1T ‘ T T T ‘ T 11 ‘ T 1T ‘ 1T \_
& 25" ATLAS Preliminary [e+>4jets|(btag) | &  ATLASPreliminary (btag)
Y [ [L=0701" W lL=0701b" -
20~ s 201 ]
_+_ § ! —— |
15 N 15 N
_+_
10~ —4— - 10~ —+ A -
5 - 5 -
— ! — ——
O;L.J_J_\.h L1 | ‘ I ‘ I I ‘ L1 | \_r.\_u.; O;L..L_J | ‘ I I ‘ I ‘ I I | ‘ L1 | \_T.\__L’.;
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3

| Yel-| Yz Y | Y|
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First CMS Resul

e |Looked atAl|n| and\y-Y};

CMS PAS TOP-11-014

e No signibPcant effect: consistent with SM

Observable Raw Ac BG-subtracted Ac  Unfolded (and corrected) Ac | QCD
Aly| —0.004+0.009  —0.009 + 0.010 —0.016 £ 0.030 019 +0.01
A(y?)  —0.00440.009  —0.007 + 0.010 —0.013 4 0.026 7092 +0.01
£ 1400 CMS Preliminary *~~ "1 Cram 3 2 2000 CUS Prefiminary T T
o C1.09fbat\s =7 TeV _ 1 9 - 1.09 fb at\'s = 7 TeV i .
o 5 RAW_ Wi N o 1800F - A RAW_ Wl =
1200 FARA= -0.004 = 0.009 Wsingle-top 1600 e =0-004=0.009 W Single-top 3
1000 et Ew+ets 3 1400 f—lﬂets EW-ets =
- B z+ets . 1200F- Bz+jets S
800 - : -
- Baco : 1000 Daco =
600 E 800 F- =
400 ) 600~ E
- : 400 E
2001~ - 200E- =
U™ 2 4 0 1 2 2
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Conclusions

e Asymmetry larger than SM seen by CDF
several iIndependent data sets

e DO also see this but no mass dependenc
e DO top palir pralso inconsistent with SM

e Asymmetry at CDF (not SM) level could
be seen at LHC In this run

e S0 far no sign of It
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Backup
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OAXxigluonO model

g, g Ferrario & Rodrigo, PRD80(09) 051701

¥ sample OOctet AO

q _
&84 D g,=0,g,=3]
_ D g%h=-0}
p—{= M, D Mg=2.0TeV
b xsec ratio: o/o,,, = 1.02
Eo.sm— b M, spectrum ~ compares to Pythia
<y sl tt*bkg B Model: Parton A, = 0.16 Reco A, =0.08
: ! CDF Pp Data: Parton A, =0.15, Reco A, = 0.06
““E low hig
0.33—< > }
ook i * e Can bt CDF A data
0.4 — ‘ 1 : STRAT
L e Mz spectrum will differ
OZ ............ + ...........................................................
-0-1:.— ..... T I T R B NS B

|
350 400 450 500 550 600 650 700 750 800
M. (GeV/c?)
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Axigluon search In dijet

ATLAS, arXiv:1103.3864

-'(é') L —T T 1 § g E T T T T T T | T T T T E

2 el e Data 4 = a0 — — — g*MC09 i

L = Fit 3 < 10 = q* Perugia0 E

T q*(1000) N5 =7TeV 1 - S q* MC09’ .

10° —=— Qq*(1700) dt = 36 pb” ERE al | A (MRST) | (ga=0k~1) .

- —— q (2500) f . 1 O = \ ——e—— Observed 95% CL upper limit E

102 = - \‘\\\ ---------------------- Expected 95% CL upper limit :

- . B “\ Expected limit 68% and 95% bands

ol , N 10°F N\ Cnp ot

= i AL = - N #Ldt = 36 pb ]

C \ 7 — ‘% _ —

1 —_ - ,_El_ _— - \\ Ns =7 TeV -

o \ 10g E

ol atLAS T L : |

@ L I B T N I T 1 - —

2 C ] = =

o OF - - .

é-2:_| TIPSO T TP RO U NP AU R S NP S |_.: 10-1? | | | | | | \\\~ _§
1000 2000 3000 1000 2000 3000

Reconstructed m, [GeV]
Resonance Mass [GeV]

e Resonance bump would be similar to
e Exclude 0.6 <M< 2.1TeV

Asymmetry in Top Quark Pair Production 29 Kyoto MC Workshop, Sept 2011



Z0O exchange model

Jung, Murayama, Pierce,Wells,

PRD81(2010)015004
UR tR e Rutherford scatterings asymmetry
/ e Interferes with QCD ua — g* — tt
in ‘ - e RH coupling avoids FCNC constraint

e Data favour light ZO mass, below top

e 1 ® BUL.
J 3 i+ Alsogetuu — tt
0.25— _z
oo — 4 % anduu— Z'Z" — t*ut*u
1400' - '600. - '800. - .IOOC') - .120(.:) - .1400

Mz (GeV) =» need mixing s’ — uu
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Nonabelian ZO mode

UR LR
12,
UR tp

1.00?\‘“\“‘\“‘\“‘\“‘\“‘
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0.20 -
<10
£0.10,
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001F

cos 8 =0.95
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Asymmetry in Top Quark Pair Production

Jung, Pierce,Wells, arXiv:1103.4835

UR

SU(2X doublet< ‘n )
Gauge tripletZ’,, Z;, (they callV’, Z’
DonOt gettu — tt  (when unbroken)
Flavour mixingeduces Z,, — u

Data favourm; <m z < 2m; (pointA)
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ZO model asymmetry

e Jung-Pierce-Wells nonabelain model (point A) can bt da
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CDF asymmetry at LHC?

e LHC is app collidesp no effect??

e No! Effect should increase witlkk(q vsTQ)

e Jung-Pierce-Wells model (point &g
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CDF Wjj anomaly

CDF, arXiv:1104.0699

S ~1 % 180 E
S 700 —— CDF data (4.3 fb™)| 1 S - —— Bkg Sub Data (4.3 fb™)| 7
O - —— Gaussian 2.5% o 160 -
O - B WW+WZ 4.8% | - O] - Gaussian e
© 600F I Walets 780% |1 002 - ]
E) E TOp 6.3% E E) N \ WW+WZ (all bkg syst.)|
S 500 B Z+jets 2.8% = S (d)—:
u>J - XY QCD 5.1% ] u>J .

400 E

3004 E

200 l I RN

T le\l\ Ll

100 NN TS

O N ’ — S S m— | -40 :_ ] ] ] | ] ] ] ] | ] _:
100 200 100 200
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WO model

A Papaefstathiou, in prep.
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