The electroweak contribution
to the top forward-backward
asymmetry at Tevatron
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p— tt+ X i _ o(Ay>0)—o(Ay <0)
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Y = 1log (E+pz)
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Why 1s Arg interesting?
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Hadronic process = partonic process ® PDF
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U(HlHQ — tf—l— X) — U(p1p2 — tt__|_ X) & [fp1,H1 (xl)fp%HQ (2132) T fpl,HQ (xl)fp%Hl (332)}



Hadronic process = partonic process ® PDF
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U(HlHQ — tf—l— X) — U(p1p2 — t1?—|— X) & [fp1,H1 (xl)fpmHQ (xQ) T fpl,HQ (xl)fp%Hl (CUQ)}

Partonic process can be produced 1n two different directions

& 7
k Ep, kZ,?Q kz,? L (3

P1
> < Ho> H; > <
k X/ \ i
k7 k% X

2
Moty e Kb )| = [ My ar x (b, Ky K1 K K

P1? " "p2’

2

‘ 2



Hadronic process = partonic process ® PDF

' —

U(HlHQ — tf—l— X) — U(p1p2 — t1?—|— X) & [fP1,H1 (xl)fpmHQ (xQ) T fpl,HQ (xl)fp%Hl (:CQ)}

Partonic process can be produced 1n two different directions

& k;
k p kp2 '%92 k;h T

1
A, H> H; > ‘<
kX/ \k,
ki k! X
2
Moty e Kb )| = [ My ar x (b, Ky K1 K K

P17 "p2’
AFB # 0 ﬁ fpl,Hl (wl)fp2,H2(x2) 7& fpl,HQ(xl)fpmHl ($2)

At LHC Hi=H> — Arg=0
At Tevatron only processes with|p1 or p2 = (up, antiup, down, antidown)|can
produce asymmetric terms!
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At LO partonic processes are not asymmetric.
QCD produces the asymmetry only at NLO!
NLO 1n the cross-section, LO 1n Ars

ONLY LO IS AVAILABLE! \ NOT AVAILABLE, NOT TRIVIAL
N oziNl +04§N2 + .. Qg T

D azDo+aiDy + - Do( Lt s (N, 1D1/Do)) +

QCD only at LO, but there 1s also electroweak theory. O(asa) =0

N OKQNO—I—CK?Nl—FCVE&Nl—l—Ck;LNQ—l—'“ N1 Nl o N()
AFB:_: ~ = :a8—+a_+_2_
D Ck2D() -+ Oé?D() -+ Oéng -+ Oé?Cle -+ .- DO DO Qg DO

as?Do is the LO cross section, now we see the terms in N
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2 N() Di.ffer.e.nt couplings for differeI}t

5 chiralities produce asymmetric
0% Dg terms in the cross-section
do_asym 4m2 Q QtA At S
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2 N() Different couplings for different
chiralities produce asymmetric

ozg Dy terms 1n the cross-section

dO_asym 4m2 Q QtA At S
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N VIRTUAL (Only Boxes)
o 1 NO UV, NO Coll. Div.
S DO Only IR

REAL

Only interference of initial and final
gluon emission 1s asymmetric.

Kuhn, Rodrigo - Phys.Rev. D59 (1999) 054017

REAL+VIRTUAL= IR finite



N, It’s useful to divide electroweak contribution into
Dy QED (photon) and weak (Z) part.

ED QED can be easily obtained from QCD calculation and the substitution of one
Q gluon into one photon in the squared amplitudes.
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N, It’s useful to divide electroweak contribution into
Dy QED (photon) and weak (Z) part.

ED QED can be easily obtained from QCD calculation and the substitution of one
Q gluon into one photon in the squared amplitudes.
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e D OéQDo -+ OégDQ + Oé‘;’Dl + OégOéDl + - DO DO Oé? DO

Romn(Q.)  ° NQED 0,03 ¢ QED correction can be obtained
QED\\wq) = = N T WaetT g from QCD X Rqep

Weak | The same diagrams as QED part, buty — Z.

Z. 1s not massless — If we write Weak=QCD % Rweak.
Rweak does not depend only on couplings and color factor
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Romn(Q.)  ° NQED 0,03 ¢ QED correction can be obtained
QED\\wq) = = N T WaetT g from QCD X Rqep

Weak | The same diagrams as QED part, buty — Z.

Z. 1s not massless — If we write Weak=QCD % Rweak.
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EXISTING ESTIMATE

AEW —0.09 x AZSP
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D OéQDO -+ OéZDQ + Oé‘;’Dl -+ Oé%OéDl -+ - Dy Dy Oég D_O
Romn(Q.)  ° NQED 0,03 ¢ QED correction can be obtained
QED\Kq) = = Ty T Wat g from QCD X RqEep

Weak | The same diagrams as QED part, buty — Z.

Z. 1s not massless — If we write Weak=QCD % Rweak.
Rweak does not depend only on couplings and color factor

EXISTING ESTIMATE - AEW _ .09 x AQCP

WE CALCULATED THE COMPLETE EW CONTRIBUTION

AEW 025 x AYSP

THIS NUMBER DEPENDS ON THE RENORMALIZATION SCALE OF as






NUMERICAL RESULTS

o ' =137.035  m;=172.0GeV  myz =91.1875 GeV  mw = 80.399 GeV Input
‘? A _g_a2N0+&g’N1+oz§oz]\71+a§N2+---_a&+&]§71+a2]§70
Os ¢ "D T 2Dy + 2Dy + 3Dy +a2aDy +--- "Dy Dy a2 Dy
as for LO # Expansion makes sense 1f as in N and D 1s the same.
os for NLO os from MRST2004QED — osfor NLO
Factorization scale i W= W =(my2,my,2my)

renormalization scale

Output AL, =(07,89,83)% AP, = (6.4,5.9,5.4)%

Compare with

Arp(%) Al AP
data | 15.8+7.4 15.0£5.5
MCFM 5.8+ 0.9 3.8+ 0.6




(a) AL, (b) ARF,

A%_B po=me/2  p=my = 2my A%ﬁB p=m¢/2 p=my pu=2my
O(as) wuu 7.01% 6.29% 5.71% O(as) uu 4.66% 4.19% 3.78%
O(as) dd 1.16% 1.03% 0.92% O(as) dd 0.75% 0.66% 0.59% Qé%p — (0019270_21470.237)
O(a)gep ul 1.35% 1.35% 1.35% O(a)gep ui 0.90% 0.90% 0.90%
O(Q)grp dd -0.11%  -0.11%  -0.11% O(a)orp dd -0.07%  -0.07% -0.07% pad  _ (—0.096, —0.107, —0.119)
O(W)weak Ul 0.16%  0.16% 0.16%  O(Q)wear Ul 0.10%  0.10% 0.10% QED ’ ’
O(a)wear  dd -0.04%  -0.04% -0.04% O(a)wear  dd -0.03%  -0.03% -0.03%
O(a?/a?) wuu 0.18% 0.23% 0.28% O(a?/a?) wuu 0.11% 0.14% 0.17%
O(a2/a?) dd 0.02%  0.03% 0.03% O(a?/a2) dd 0.01%  0.02% 0.02%
tot pp 9.72%  8.93% 8.31% tot pp 6.42%  5.92% 5.43%
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mt/2<u<2mt
(theory)

0.475 £0.11

At o (M > 450 GeV) = (13.9,12.8,11.9)%
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(a) AL, (M,; > 450 GeV)

Also with cuts the gap between theory and experiment 1s decreased by EW
terms. Anyway, 1f invariant mass > 450 GeV, theory at 3c.



CONCLUSION

A very important term 1s still missing: NNLO QCD differential
Cross section.

Total electroweak contribution 1s not negligible and increases QCD
asymmetry by a factor ~ 1.2

The QED part can be simply calculated from QCD contribution of
the subprocesses

EW cannot explain Ars(Mmv>450 GeV), but new models cannot forget its
contribution when they try to fill the gap between theory (SM) and experiment.
Moreover we have to wait the NLO of QCD also for this region.

THANK YOU FOR THE ATTENTION!



EXTRA SLIDES

(a) A%’?B (b) A%pB
Ao | n=m¢/2 p=my p=2my A%ﬁB p=m¢/2 p=myg p=2my
O(as) wuu 7.01% 6.29% 5.71% O(as) uu 4.66% 4.19% 3.78%
O(as) dd 1.16% 1.03% 0.92% O(as) dd 0.75% 0.66% 0.59%
O(a)gep ui 1.35% 1.35% 1.35% O(a)gep uu 0.90%  0.90% 0.90%
O(a)gep dd -0.11%  -0.11% -0.11% O(a)gep dd -0.07%  -0.07% -0.07%
O(@)weak Wl 0.16% 0.16% 0.16% O(@)weak Wl 0.10% 0.10% 0.10%
O(@)wear dd -0.04%  -0.04% -0.04% O(@)weak dd -0.03%  -0.03% -0.03%
O(a?/a?) uu 0.18% 0.23% 0.28% O(a?/a?) wui 0.11% 0.14% 0.17%
O(a?/a?) dd 0.02% 0.03% 0.03% O(a?/a?) dd 0.01% 0.02% 0.02%
tot pp 9.72% 8.93% 8.31% tot pp 6.42% 5.92% 5.43%

ut ) = (0.192,0.214,0.237)

R&L = (—0.096, —0.107, —0.119)



(a) AL, (M > 450 GeV)

(b) At (JAy| > 1)

A’%—B pw=me/2 p=mr p=2mg A?B p=m¢/2 p=my pu=2my
O(a3) wuu 10.13%  9.10% 8.27% O(a2) wuu 15.11%  13.72% 12.41%
O(a2) dd 1.44% 1.27% 1.14% O(a?) dd 2.28% 2.02% 1.84%
O(a?a)grp ul 1.94% 1.95% 1.96% O(a2a)oep ul 2.90% 2.94% 2.94%
O(eza)gep dd -0.14%  -0.14% -0.14% O(eZa)grp dd -0.22%  -0.22% -0.22%
O(a?a)ear Ul 0.28% 0.28% 0.28% O(a2a) year Ul 0.25% 0.25% 0.26%
O(a2a)pear dd -0.05%  -0.05% -0.05% O(a?a)wear dd -0.09%  -0.09% -0.08%
O(a?) i 0.26% 0.33% 0.41% O(a?) i 0.35% 0.45% 0.55%
O(a?) dd 0.03% 0.03% 0.04% O(a?) dd 0.04% 0.05% 0.06%
tot pp 13.90%  12.77% 11.91% tot pp 20.70%  19.12% 17.75%
0.611 + @
0.475 + . @ .

0
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(a) AL, (M; > 450 GeV)

0

(b) AL (|Ay| > 1)



o(pb) | p=m¢/2 p=m¢ p=2my
LO CrOSS-seCtiOn pp (No cuts) 7.990 5.621 4.187
pp(M,.z > 450 GeV) 3.113 2.148 1.573
pp(|Ay| > 1) 1.846 1.276 0.937
K= ! Vo, =T2 —2Q,sin*(Oy) A, =T?
4 sin® (Oyy) cos? (Oy) o ! v i



