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DY type Top quark Gluon-Gluon Bottom quark
contribution contribution fusion process contribution

————————

LO: Exact results-0. A. Dicus and C. Kao (1988), B. A. Kniehl (1990)

NLO: Heavy top mass limit- L. Altenkamp, S. Dittmaier, R. V. Harlander, H. Rzehak and T. J. E. Zirke (2013)
Expansion around top mass- A. Hasselhuhn, T. Luthe and M. Steinhauser (2017), J. Davies, 6. Mishima and M. Steinhauser (2021)
Full top mass dependence- L. Chen, 6. Heinrich, S. P Jones, M. Kerner, J. Klappert and J. Schlenk (2021)

@,
**NLO: 1 Hanand S. Willenbrock (1990)

**NNLO: Brein, A. Djouadi and R. Harlander (2004)
2 VH@nnlo (Brein, Harlander, Zirke (2013)

’1‘Distribution:- Interfacing VH@nnlo with MCFM wariander, Klappert, Liebler, Simon (20 18), Campbell, Ellis, Williams(2016))



Our contrlbutlons to this process
! Threshold resummatlon up to N3LO+N3LL in QCD

(Resummation computaton]

[ Fixed order computation ;

(J. Baglio, C. Duhr, B. Mistlberger, and R. Szafron, (2022))
» We use narrow width approximation to obtain results for

VH

Finally we matched the fixed order results upto N3LO from n3loxs to N3LL from our in-house code

For the cross section, we have included gg, top and bottom contribution to the DY type
contributions in the fixed order results.

|

For distribution, our results are confined to only the DY type contribution.

We have studied gg fusion Chanel separately and provide partial exact results upto NLO+NLL in
QCD
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Invariant mass distribution of VH
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Uncertainty
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Scale uncertainty comparison of VH
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7-points scale uncertainty comparison between fixed order results and resum results
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Production Cross-section of WH

TABLE III.

W~ H production cross section (in pb) for different v/S with 7-point scale uncertainty.

VS (TeV) 7.0 8.0 13.0 13.6 100.0

L0 0.1625 + 0.46% 02021 &= 127% 0.4262 + 4.04% 0.4553 +£4.28% 6.1486 + 13.49%
NLO 02144 =& 1.55% 0.2660 + 1.50% D524 =2 1 571% 0.5891 & 1.44% 6.9628 4 4.39%
NNLO 0.2234 4 0.39% 0.2769 + 0.35% 0.5716 4 0.38% 0.6093 + 0.39% 6.9645 4 0.97%
N3LO 0.2223 4 0.28% 0.2752 + 0.30% 0.5667 4 0.36% 0.6039 + 0.36% 6.8460 4 0.54%
LO +LL 0.1872 + 1.56% 0.2320 + 1.68% 0.4847 + 4.42% 0.5175 & 4.65% 6.8494 + 13.71%
NLO + NLL 0.2214 +4.55% 0.2744 &+ 4.53% 0.5863 4 4.46% 0.6059 =+ 4.46% 7.1248 +5.39%
NNLO + NNLL 0.2245 + 1.49% 0.2782 %+ 1.52% 0.5741 & 1.60% 0.6118 + 1.61% 6.9867 & 1.79%
N3LO + N°LL 0.2223 4 0.53% 0.2752 4 0.55% 0.5667 + 0.63% 0.6039 + 0.63% 6.8464 4+ 0.81%

TABLE IV. W~H production cross section (in pb) of DY-type N?LO, DY-type N°LO + N3LL, total N°LO and total resummed
N3LO + N3LL which are defined in Eq. (16) and Eq. (17) for different /S with 7-point scale uncertainty.

DY.W-H DY.W-H tot. W~ H tot. W~ H
VS (TeV) ON3LO ONSLO+N3LL ON3LO ONSLO4+N3LL
7.0 0.2223 + 0.28% 0.2223 +0.53% 0.2245 + 0.09% 0.2245 4+ 0.34%
8.0 0.2752 + 0.30% 0.2752 +0.55% 0.2781 +=0.08% 0.2781 +=0.36%
13.0 0.5667 4+ 0.36% 0.5667 4+ 0.63% 0.5739 +0.13% 0.5739 +0.42%
13.6 0.6039 4+ 0.36% 0.6039 4+ 0.63% 0.6117 =0.13% 0.6117 =0.42%
100.0 6.8460 + 0.54% 6.8464 + 0.81% 6.9963 + 0.35% 6.9967 + 0.61%
tot, WH L DY,WH top 2
VLo = Ovro T o P(ag)
tot, WH __ _DY,WH top( 2.
N*LOAN'LL — ON3LO4NLL T © (as)



Production Cross-section of ZH

TABLE 1. ZH production cross section (in pb) for different /S with 7-point scale uncertainty.

V'S (TeV)

7.0

8.0

10

13.6

100.0

L)

NLO

NNLO

N3LO

LO-+LL

INIL@) <= RNILL
NNLO + NNLL
RIS @SN

0.2363 £+ 0.36%
0.3164 + 1.55%
GLetutill se (0141 %
0:3266 == 0L
0.2706 + 1.48%
0.3260 = 4.34%
L3285 <e 1Al
0.3266 + 0.46%

QE00& ==t B0
0.3878 £+ 1.50%
QAL =e 0L357%
0.3996 + 0.27%
BSOS 45 70
LS990 = & 3517
0.4034 £ 1.43%
0.3996 + 0.49%

UES0S  =nts "SIt o
0.7754 £+ 1.36%
OLl005 =2 0L35%
L7942 o 050 %
OET 2 == 42009
0.7966 = 4.31%
0.8036%=mgIEoaE
0.7943 £+ 0.57%

0.6324 £+ 4.06%
0.8245 + 1.36%
UL 22 L3160 %
0.8441 £ 0.33%
0.7158 + 4.44%
0.8469 = 4.31%
0.8542 £+ 1.53%
0.8441 + 0.58%

SIS =2 12577
9.1445 + 4.40%
DAZIS =2 LEETS
8.9790 £ 0.49%
0.040gE==RIE RS 60
9.3550 + 5.39%
9. 1500 ==RigaE
8.9795 £ 0.75%

TABLE II. ZH production cross section (in pb) of DY-type N°LO, DY-type N°LO 4 N3LL, total N°LO and total resummed N3LO -+
N3LL which are defined in Eq. (14) and Eq. (15) for different V'S with 7-point scale uncertainty.

VS (TeV) GﬁfﬁgH Gﬁfﬁéfimu ;%ng Eg’LZg+N3 LL

7.0 0.3266 £+ 0.25% 0.3266 £ 0.46% 0.3534 4+ 1.25% 0.3534 £ 1.17%
8.0 0.3996 & 0.27% 0.3996 + 0.49% 0.4373 4+ 1.36% 0.4373 £ 1.28%
13.0 0.7943 + 0.32% 0.7943 £+ 0.57% 09112 +£1.79% 09112+ 1.67%
13.6 0.8441 £ 0.33% 0.8441 £+ 0.58% 0.9728 4+ 1.86% 0.9728 + 1.75%
100.0 8.9790 £+ 0.49% 8.9795 + 0.75% 13.2674 +4.57% 13.2678 +=4.39%

tot,ZH

ONPLOAN?LL — PN3LO+N3LL

ot.ZH _ DY.ZH | _gg( 3 o
=0y 0% (ag) +o'%(a

DY,ZH

+0(a}) + o

az) + o



Different contribution at NNLO for ZH production
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ZH production via gg fusion In partial exact theory
upto NLO+NLL

Fixed order:

**We have computed NLO and LO in effective theory.
<**We have calculated K-factor with this computed NLO and LO.

**We have finally multiplied this K-factor with exact LO results to have partial NLO results
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Resummation of ZH production via g-g fusion in partially
exact theory
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Unphysical scale uncertainty
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Summary

*We have computed VH production at the LHC upto N3LO+N3LL in QCD.

«*We have observed that correction coming from gg Chanel (coming at 2nd order of strong
coupling constant) is large compare to other Chanels.

*We have studied the effect of this gg Chanel separately upto NLO+NLL in QCD.

«**We rescale the NLO effect with effective K-factor.

*We have observed a significant reduction in theory scale uncertainty after inclusion of the soft

gluon effect.
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Different scale uncertainty comparison
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Effect of Z-radiated diagram Degrassi et.al 2022
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