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Background: A persistent discrepancy in Zbb coupling

lbb+ttbar; €xnarge=80%; Ax*=2.3
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Background: A persistent discrepancy in Zbb coupling?
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* QCD higher order with m,, effects
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Background: A persistent discrepancy in Zbb coupling
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With Z-pole data only, gL, gR sign degeneracy is unbroken.

_ S
LEP) T = App (9%, — 96.0) e, — 9or)

o (9.1 + 90.r) 92+ 92 R)

(99,0 — 90.1)
(95,1 + 95.r) + 7QcD
(LHCb) Rb/c X Ab/AC

(Tevatron, LHCb) App




Existing Bounds and Limitation:

Sign determination of ( g]’f ,gg ) at LEP

LEP/SLD (e™e™ collider): Apz ( ~ 30), A, (~ lo)
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A2, :forward-backward asymmetry =
A,: charge asymmetry from longitudinal
polarized beams that mix g; and gz coupling.
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Existing Bounds and Limitation:

Tevatron (pp collision): A% |

qgG — bb dominated,

NLO QCD contribution at high mass bins == AI;QBQ arise at NLO QCD =——p>

N(Ay >0) — N(Ay < 0)

FB

Negligible QCD-EW interference
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LHCb (pp collision): A22. (AL
gg — bb dominated,

Ay = |yp| — |y3l

Rel. contribution
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Relatively larger gg-initiated contribution in forward region
Limited with systematics (missing higher order theory calc.)
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Sufficient off the Z-pole data, yet

overwhelmed by QCD background.



Existing Bounds and Limitation:
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gg — bb/Z /" Process and Observable:

Symmetric cross section:

"¢ gg = gl%
Systematics dominant (>2-3%) not competitive with LEP (0.3%)

o.15_""x """"""""""""""" ]
o~ :

Asymmetric observable: .

In the m, — O limit, the Z-mediated channel: o Eg'gifﬁif |
81 = by, bg = b( =), b(+); gg = bg. by — b(+),b(—) i i
Chirality of the coupling {g;, g%} flips with helicity/charge flipping :?2 ». R

* helicity i n harder to determine): 5 5
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So, {g;, gr} asymmetry <=> {b, b} charge asymmetric observable



gg — bb/Z /" Process and Observable:

Similar to the LEP process: Polarisation summed | ./ | z(f_f“ — Z*[y* — bb):

M2 = | Ms|* (s, g, Po—» Do+ )
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After integrating over gluons, the {g;, gz} asymmetric term is proportional to,
(P —p3)- (D1~ —Pr+)

Define Asym in the Z* (m,,) rest frame: sign(cosy) between p, — p; and p ,_
sign(cosy): whether b/b is closer to £~ (Forward) direction




gg — bb/Z /" Process and Observable:

y,Z and int contribution gg — Zbb,7Z — ¢~ ¢*

Off-shell through m,, spectra
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Simulation and Fits

Benchmark fit pp — bbZ ¢ with LO simulation
o =A+B(g +gp) + Clg; + &)
o' =D+ E(g + gp) + Flg[ + 83)

Out[# ]=

Parton analysis for 10 GeV bin from 35-125 GeV: 7,04, A

Acoc
Total Asymmetry contribution Ay — ZZC: -
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( g ) gg g y : I 2€Cha7°9€ i 2€cha7“ge

Basic Selection Cuts:

PT bjet > 20,pp > 10 GeV and ‘n‘bjet,ﬁ = D5

MET >30 GeV (for reducing tt background)

tt same flavor decay background is non-negligible!
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Simulation and Fits

Statistic error and results: A, . o
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Including systematic error: A, .

* Higher order correction ~5%,
* PDF ~4%, m,, correction <|7%,

Statistical unc. only
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* Experimental (jet energy scale, tagging) ~6%
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Alternative observable: subtracting /7 (DF) ...

Different flavor tf (bbeuvv: DF) as “sideband”: A e
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Main Results:

* Further Improvement with “careful” BDT: +20~+30% (off-shell) The result sensitively depend on flavor and

o (fb) bbll 35-85 8595 95-125 | ¢ 3585 85-95 95-125 charge tagging efficiency

Selection w/o Er | 700 729 565 62l (N3] 2% RO 151 359
Er < 30 GeV 605 63.9 488 53.2 225 132 26.3 67.1
BDT cut 632 51.9 548 46.5 1560 80048 2439 18.4

gp sign degeneracy is resolved.
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Conclusion

The Zbb coupling: a declining anomaly, but a sign degeneracy remains

Asymmetric observable Oy, 5, provide orthogonal information

bb¢ ¢ study at LHC provides complimentary probe through m,, spectra

Independent and competitive HL-LHC constraints



