Implications of effective axial-vector coupling of
gluon for tt spin polarizations at the LHC

Antonio Racioppi
NICPB, Tallinn, Estonia
Bonn, 21st May, 2013

based on
Phys. Rev. D 87, 054001 (2013)

in collaboration with

E. Gabrielli (NICPB & INFN, Trieste, ltaly),
M. Raidal (NICPB & Institute of Physics, Tartu, Estonia)
H. Veermae (NICPB & Institute of Physics, Tartu, Estonia)

Antonio Racioppi Implications of A-V coupling of g for tf spin polarizations



Introduction Motivation

Basic idea
Theoretical framework

Motivation

» In 2011 both DO and CDF collaborations at Tevatron
observed a large excess for Arg in tt production

» more than 30 deviations from the SM predictions!
» if confirmed at LHC, this effect will be a NP discovery

> Agg in pp collision is small in the SM, being induced by QCD
quantum effects

» This excess, if it is not a statistical fluctuation, can only be
explained by a large NP tree-level contribution

» many NP scenarios proposed
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Introduction Motivation
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Motivation

» In 2011 both DO and CDF collaborations at Tevatron
observed a large excess for Arg in tt production

» more than 30 deviations from the SM predictions!

» if confirmed at LHC, this effect will be a NP discovery

> Agg in pp collision is small in the SM, being induced by QCD
quantum effects

» This excess, if it is not a statistical fluctuation, can only be
explained by a large NP tree-level contribution

» many NP scenarios proposed, some of them already ruled out
by negative LHC searches on new heavy particles
CMS: JHEP 1108, 005 (2011), PRL 106, 201804 (2011);
ATLAS: New J.Phys. 13, 053044 (2011)
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Basic idea

» The “Tevatron anomaly” is due to an (effective) axial-vector
gluon couplings to quarks induced by New Physics!
(E. Gabrielli, M.Raidal, Phys. Rev. D 84, 054017 (2011))

» SM Weak interactions induce at 1-loop a axial-vector gluon
couplings to quarks — but too small

» a characteristic NP energy scale A ~ O(1 TeV)

» We analyzed the implications of this scenario at LHC for

> Arg and Ac (Phys. Rev. D 85, 074021 (2012))
checked by CMS! (Phys. Lett. B 717, 129 (2012))

» Ap and Air (this talk, Phys. Rev. D 87, 054001 (2013))
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Theoretical framework. Effective vertex

Requiring
1. lowest dimensional operators
2. gauge, CP, and Lorentz invariance
3. compatibility with Tevatron Data (Phys. Rev. D 84, 054017 (2011) )

we parametrize

O YT X
Malo = —igsT°y"
= —iggiT’ (’Yu% - 2qu%%>
7
gl(q®) = /\2 {In(q /) terms} (flavor universal)

> gs is the strong coupling constant and T2 are the color matrices
> g" the entering momentum of the gluon
» A, the NP scale
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Charge asymmetry

Feyman diagrams

> q(p1)a(p2) — t(p3)t(pa)
q t q t q t g t
>mfm< gz>mé< >&4gz g;m>ué@<gz
q QCD £a NP ta NP t q NP t
> g(p1)g(p2) — t(p3)t(pa)

g t 8 t & t 8§ t
S X e
t t 8a
g t g t
g t & t
QCD QCD QCD NP
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Charge asymmetry & CMS check

Phys. Lett. B 717, 129 (2012), (CMS-PAS-TOP-11-030):

o T T T 3 o T T

F T
<  CmMS - 4 < 01-CMS - —
04[50 fblat Vs =7 TeV zi‘: 1 b 5.0fbtat Vs=7Tev zi‘: 1
b Hets — NLO prediction | [ lets — NLO prediction
0,051 [ 3 0.05- N
R l i [
L ] =
-0.05 E [
F L L L 1 1 -0.05 ; L 1 =
300 200 500 600 700 800 0 05 1 5
m, [GeV/c?] vl
__ N(A,>0)—N(A, <0) — ; idi
> Ac = Wasona<e: Where A, = lye] — |yz| and yq is the g rapidity.

» EAG: effective axial-vector coupling of the gluon — our model
» Data compatible with both EAG and SM =- further studies on:

o A A%t and A%t (Phys. Rev. D 85, 074021 (2012))
o Ay and A g (Phys. Rev. D 87, 054001 (2013))

Antonio Racioppi Implications of A-V coupling of g for tf spin polarizations



Spin correlation
Left-Right asymmetry

Result: 3 5
esults Comparison with LHC results

Spin correlation. State of the art

_ NE) + N = [N(1) + N)]
© N+ N + N(H) + N

Ap: A evaluated in the helicity basis and in the ZMF of the tt pair.

Inclusive LHC measurements:

> ANTLAS — 040709 L=2.1fb !
(Phys. Rev. Lett. 108, 212001 (2012))

> ASMS — 0.24 + 0.02(stat) & 0.08(syst), L= 5fb~!
(CMS-PAS-TOP-12-004)
QCD prediction @NLO for v/S = 7 TeV:

» AAM =031
(W. Bernreuther and Z.-G. Si, Nucl. Phys. B 837, 90 (2010))

ANTLAS and APMS are compatible with each other and with AP within 20.
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Spin correlation. Results
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[b] 0.6 TeV <my <0.8 TeV [a] 2my<my <0.6TeV
0.1 [c] 0.8TeV <my <1TeV 45 [b] 0.6 TeV < my < 0.8 TeV.
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1. A =1 TeV: the maximum deviation from the SM value
e [a] and [d]: 10% deviation
e [b]: 25% deviation
e [c]: 100% deviation

2. N =2 TeV: the overall NP effect strongly reduced
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Spin correlation
Left-Right asymmetry
Comparison with LHC results

04 65
LHC 8 TeV
8 a 60 LHC 8 TeV
d E
55 L=10fb"
0.2 [al 2my<my <0.6TeV 50
[b] 0.6 TeV < my < 0.8 TeV. [al 2my<my<0.6TeV
01 [c] 0.8TeV <my<1TeV 45 [b] 0.6 TeV < my < 0.8 TeV.
[d] 2my<my <1TeV [c] 0.8 TeV <my<1TeV
0 b - [d] 2my<my<1TeV
<
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c
0.2
03 //"
04
05
1 1.2 14 16 1.8 2 ) I
A(TeV) A (TeV)

S[Ak] == AAWGSMINP L AA, = |APMINE _ ABM|
S[As] for L = 10fb™* are quite large, specially for A = 1 TeV
for A =2 TeV, S[Asx] is much lower, with S[As]™™ ~ 4 for [c]

analyzing the my distributions of A, the full range up to A ~ 2 TeV can
be probed at LHC8, even with L = 10fb~!.
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Result: 3 5
esults Comparison with LHC results

Left-Right asymmetry. State of the Art

o O N — NG+ NG )]
HRTTNC) + N + N+ N

» A?M is suppressed (one loop EW corrections to QCD)

» APM @ LHC14 ~ 0.5%
(C. Kao, D. Wackeroth, Phys. Rev. D 61, 055009 (2000) )

» AR is a very sensitive probe to NP beyond the SM.
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Results

Left-Right asymmetry. Results

80 LHC 8 TeV
LHC 8 TeV 1
75 L=10fb
[a] 2m, <my<06TeV 70
03 . [b] 0.6 TeV < my < 0.8 TeV. . [a] 2my<my <06 TeV
[c] 0.8 TeV<my<1TeV 60 [b] 0.6 TeV < my < 0.8 TeV.
[d] 2my < my <1TeV [c] 0.8 TeV <my<1TeV
= [d] 2m, <my<1TeV
= € 50
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@
40
35
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25
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1 AR < AR =
> ALR ZA
> S[AR] = |A /ogNPTSM[

the contribution induced by ga to A(r is sizeable, specially for A =1 TeV

3. even though |Ar| < |As|, S[ALr] > S[As] because ATR' < ANY
Therefore, Air is a more sensitive probe of this scenario than Ap.
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Comparison with LHC results

> ATLAS & CMS: INCLUSIVE measurements at v/S =7 TeV
> our framework valid only for my < A
> need to extend ga in the region my; > A
> toy example:
2 2 /52 G a1
gA(q ) = GF(q /A ) 167
0.8
_ et + y xeBA 04
G =ga—| -
0 =an—s (7). v @y
0.2

lim Gg(x) = ga < extension .
X—>00 0 2 4 6 8 10

Gr(x) = x + O(x%) for x < 1 = ga(q®) ~ q°/A* « our initial framework
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Results

Comparison with LHC results

LHC 7Tev A=1TeV LHC 7 TeV
06 2m < my <7 TeV
0.5
0.07 2my<my<7TeV
0.4
. 26 CMS M ATLAS ©
< <
0.3 F
0.06
0.2
0.1
] 0.05
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
9a 9a

1. multiplied the results obtained at the LO by the SM K factor,
K =ANO/ALC at VS =7 TeV

2. decrease of the A, values with respect to the SM prediction

3. deviations from the SM prediction, for A = 1 TeV, are within the 2o
bands of ATLAS and CMS measurements

4. increase of the A/ r values by increasing ga. No SM prediction in the plot
since it is much smaller
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Conclusions

1. We analyzed the impact of ga on A, and A/g in tt production at the
LHC and we showed that it would be necessary to measure them as
function of my

2. We found that A;r is the best probe to test this scenario since the SM
background is negligible

3. We estimated the potential effect of ga on the my inclusive
measurements obtained by ATLAS and CMS collaborations and we
showed that this scenario, for a scale A > 1 TeV, is still consistent with
present measurements within 20

4. Therefore, a more dedicated analysis of those quantities as a function of
my: is mandatory in order to test this scenario at LHC. We stress that
LHC8 has enough sensitivity either to confirm the Tevatron top charge
asymmetry anomaly or to rule it out in the context of the considered NP
scenario.
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Thank you!
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Backup slides
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Conclusions

Theoretical framework

The most general effective vertex for a quark-gluon interaction
1. containing the contribution of lowest dimensional operators
2. gauge (q,I?* =0 for g> = 0), CP, and Lorentz invariant

re(qg*, M) = —igsTa{v“[1+gv(q2,M)+75gA(q2,/V/)}

+gp (g%, M)q"vs + gm(q?, M)a“”q”}

v

gs is the strong coupling constant
T2 are the color matrices

v

v

gv.Ap M form factors depend on the NP energy scale M
(and on the quark flavor, but not here)

g" the entering momentum of the gluon

v
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Form factors

Mk = —igs Ta{v” [1 +8v+ 75gA] + &rqys + gMa“”q”}
Gauge invariance with real quarks (off-shell gluon g2 # 0):

qu Ur(p1) T2#(q?, M) Ug(p2) = 0 < current conservation

(P, — m2)Ur(p2) = 0
Uf2(p1)(P1 ) = 0 } <+ quarks EOM

or similar ...

J
2mqga(q®, M) + q°gp(q*, M) = 0
lim ga,v(q®,M) =0
q>—0
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Form factors

Mot = —igs T"’{’V“ [1 +gv + 75gA] + gpq" s + gMU’“‘”q”}

v

Tevatron Data: gy < ga (Phys. Rev. D 84, 054017 (2011) )
in the limit of ¢°> < M?

v

2
q
gA(q27 M) = ﬁF(qsz)
and we absorb the NP coupling ayp into A2 = M?/(4rapp)
F(g* N) =1 + [In(g?/A?) terms]
> gm ~0

v
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Effective vertex: Final expression

Mok = —igs Ta{'y“ [Hgv + 75gA] + gpq“75+gw’”’q”}
so that we can write

[0 =gk + 5"

ranD = —igs T°y"
rar = —igglT? <Vu75 _ 2"**:575)
2
gz(qz) = % (flavor universal)
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Origin of the effective vertex

Model independently the effective operators q q
1,8 i C © 2 u
Oy = /\12 [QT187" 15 QI[Q T1,87" Q] 1//\2
o = E[QTLS’YSQ][@TLSQ] q q
generate ga via the depicted 1-loop diagram. 4y

Here Ty =1 and Tg = T°. g
i. no gv is induced due to the CP odd property of O/lﬁf, O,I,f and to QCD
parity conservation

ii. 0%, OpZ do not induce FC processes; however, there could be different
quark flavors in the loop (the extension is straightforward)

iii. the operators O/l\;f, O,l,’s8 do not interfere with the corresponding QCD
induced 4-quark processes = the stringent LHC constraints on 4-quark
contact interactions do not apply at all. Those constraints come from the
interference between QCD and NP diagrams, but here they are absent
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Polarized qg — tt process

> q(p1)d(p2) — t(ps3)t(pa)

q t 9 t q t q t
I QCD £ NP £ NP £ NP !
2ra’
ofis) = TZhe(1+1ef)
AN 4’
ofh(3) = 22 (1+1837) (2Relghlt — ) + B (1 +1&5P(1 - 0)))
URR(S) = qf(g)
URL(S) = ULR s){Re[gA]—> Re[gA]}

where we neglect the mass of the initial light quarks, 8 = /1 — p, with
p=4m?/5 and 5 = (p1 + p2)>.
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Polarized gg — tt process

> g(p1)g(p2) — t(ps3)t(pa)
g t 8 t § t 8 t
LK g g

g t 8 t
QcD qco % o ¢ wNp

~ 7T062 1+
o) = 19505 {2 (16714p+31p2) fg(2+p(29+2p))log ’B}

1-p
5 t 1 1
otr(®) = 1g;§5 {2 (11 (b —4) +6lgal* (1 — p)z) + 5324 (2~ p)o) log | - g}
ok(8) = 011 (3)
() = oTh(3)

where 3 = /T — p, with p = 4m?/3, and 5 = (p1 + p2)>.
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Gauge invariance of gg — tt

g t 8 t & t & t
i :K g g |
t t ?ﬂv_{m{ 8A
g t & t
g t & t
QCD QCD QCD NP

M= M¥P + M,

is manifestly gauge invariant while M2 diagram alone is not.
However, this is just an artifact of the effective theory. We can always
construct a full amplitude including ga in a manifestly gauge invariant way.

MQCD
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Gauge invariance of gg — tt

g t & t 8 t 8 t
K y g g |
t t &A
g t & t z : E :
g t 8 t
QCD QCD QCD NP
Let us add to M a new contribution MZ, which is identical to the s-channel
diagram M2 contribution, but with the 3-gluon vertex suitable modified. In

particular, in M2 the Lorentz structure of the QCD 3-gluon vertex (in
momentum space) rgﬁ‘g will be replaced by a new 3-gluon vertex T*?* defined

as
pra (T + T7) = s (T2 4T =0 4

where - - - stands for terms proportional to pos and/or pia, that vanish when
contracted with the external on-shell gluon polarizations €(p1) and €5(p2)
respectively.
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Gauge invariance of gg — tt
g t 8 t 8 t 8 t
2K =
g t g t
QCD QCD & QCD L NP ‘

TPk is given by

ro 2 a «@ [
P2 = pgpy (p§ — pi') +20"p — 25",

(a, B — on-shell g) _
The effective amplitude Mg = M + M2 turns out to be manifestly gauge
invariant under the transformations €2, (p1) — p1x and €5(p2) — pz,.. After a

bit of algebra,
> IMP =) [Mal?,

pol pol

showing that our result for the cross-section is truly SU(3). gauge.invariant.
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Statistical significance

Nt —N™
A = NTOT
NTOT Nt LN

what we measure is N* and N~ so only the numerator really matters

(N* = N7 )nprsm — (NT =N 7)sm = XA(N' — N7 )npism
S|l = X

ANY) =VNE = AN =N7) = VNT+N- = VNTOT

X - (NT — N7 )npism — (NT — N7 )sm _
A(N+ — N7 )npism

e A TOT TOT
~  |Anptsm — Asm|v/ onpismL if Nnprsm = Noy
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