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/H production

HC precision Higgs measurements:
Higgs-strahlung: WH and ZH

—

q , H

Drell-Yan component
L0: qq O(a)

q V

—— | ———

Drell-Yan corrections known up to NNLO: Hamberg,
Neerven, Matsuura, 91, Harlander, Kilgore, '02, Brein, Djouadli,

Harlander, '04

Experimental searches with H decaying to bb:
ATLAS and CMS: small excess above the background only

hypothesis (arXiv:1409.6212 and arXiv:1310.3687)
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Higher-order corrections

Additional NNLO contributions at O(a?a?) :
1) gg top-induced contributions:

L IS T g q ——, Interterence with the
§}>W“M ' ' ~ LO and NLO Drell-Yan
“7 ' ’ amplitude

Brein, Harlander,
Wiesemann, Zirke ‘11

| xbwmw Purely virtual
i R and UV finite

Eleni Vryonidou A
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Contribution o|fb]| | 8TeV | 14TeV
Total 386 885
Drell-Yan 304 301
Gluon-fusion 17.6 70.6
Top-induced 4.93 13.0

~Met NINLO HZ cross-section ¢

~10% of the

NNLO at LHC14

From vh@nnlo (Brein, Harlander, Zirke ‘12)

gg is basically a LO channel:
Large gluon fusion scale uncertainty (~30%) dominates the

NNLO uncertainty

»Need for more accurate predictions in this channel

Eleni Vryonidou
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Why do we care about the gg
NS contribution?
-+ |arge uncertainties ~30%

HZ In gluon fusion

* [arge k-tfactors
e Ditferent distribution shapes

—MCnet
”60’0’50’0’0’0?5
T B s
10 | 99 — ZH ——
| 4G — ZH (NLO) - |
rQ | :
~
=] E —_
= 0.1 . T
N e S
g i S
= i
Iy i
= 0.01 F|
fﬁ? MSTW2008LO
(1001315 LHC14TeV

Triangle I from the Drell-Yan

Flipped Yukawa, 1 Contr|bUt|On (bOOSted

searches)

MadGraph5_aMCQNLO
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HZ In gluon fusion

Why do we care about the gg

et contribution?
"~ Large uncertainties ~30%

* [arge k-tfactors
e Ditferent distribution shapes

10 F .. | | | | | gg'—}ZH — |

e 1 from the Drell-Yan

qq = ZH (NLO) _ . ,
T Lt Flipped Yo | contribution (boosted
g | | searches)
= 0.1 ~ Q . .
I - Destructive interference
AR between the triangle

0.001 -J MSTW2008LO § and the box
i} LIHC14T§V

200 300 400 500mZH6([)geV] 700 800 900 1000 » SG!"ISItIVlty on the
relative phase of the
HVV and Htt couplings
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MCnet7 i gluon fusion beyond LO

(formally part of ZH at N3LO)

NLO? oooo—z—T1~=--  Multiscale 2-loop amplitudes
“ g | results not ava||able

AVAY,

—————————

I

EFT? m; — o

B:
0.01 ||

da/dmZH [fb/lOGeV}

0.001 R/

N ﬁ

| MSTW2008LO
[ LHC14TeV

gg—%‘Zf{(Shd)

-aMCQ@NLO

MadGraphb

200 300

400 500 600
mMmzy [GeV]

NLO k-factor obtained in the EFT: L. Altenkamp et al.
Large k-factors of ~2, reduced scale uncertainty

800

900 1000
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Soft Gluon Resummation: Harlander, Kulesza, Theeuwes, Zirke '14
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Ideally: Fully differential exact NLO computation
+ Matching to PS (MC@NLO)

Available: 1) Total cross-section results:
infinite top mass limit k-factor
2) LO parton-level differential results for Z
and ZHj (gluon-fusion related)

o

Eleni Vryonidou 8
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Parton-level results (1)

mzH for gg>ZH and ZHj with different cuts on the jet pr

ZHj, vy > 30 gZ% ___________ 1 ZHj with different jet pT cuts
e | ¢30GeV 57.9tb
| e50GeV 35.3fb

|5 *100GeV 14.5f

0.1 |

0.01 F[i

da/dmZH [fb/bin]

0.001 ||

Bulk of the cross-

MadGraph5_aMC@QNLO

MSTW2008LO ' '
0000 L LHCUTeV | | | | section remains at
' 200 300 400 500 600 700 800 900 10'00
~2M

mgzyg [GGV]
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Parton-level results (2)

Higgs pr for gg>ZH and ZHj with different cuts on the jet pr

| | | . Extra jet contribution
[ ZHj, pp > 30 GeV ] .
¥ TR e taking over above
b | 400GeV
g oo ] New kinematic
T = . .
= oom | : configurations”
) | hard jet
0.0001 | :
' MSTW2008LO %
Leos | LHC14TeV | | | =
0 200 400 600 800 10.00

P{f (GeV]

igh pr region insensitive to the jet prcut
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Parton-level results (2)

Higgs pr for gg>ZH and ZHj with different cuts on the jet pr
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Merging-Matching in gluon fusion

More realistic description of the distribution shapes?

Merging-Matching

# Consistent combination of 0 and 1jet
multiplicities and matching to PS

Eleni Vryonidou 11
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Merging-matching in MG5_aMC @NLO/Pythia8:

1) Loop-induced process

(Before the loop automation: see Olivier’s talk)

Reweighting approach:

* Tree-level event generation with some EFT (infinite top mass limit)
« Reweight on an event by event basis based on |Mexact|%/|MeFT|2

e [Loop amplitudes: MadlLoop

2) PYTHIA8.2: PT-ordered showers
Recent implementation of merging-matching in Pythia8.2 allows:
e MLM matching (kT-MLM + shower-kT)

e CKKW-L
e UMEPS
e FxFx

e UNLOPS

Eleni Vryonidou 12
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Invariant mass of the HZ system

I

dO’/dmZH [fb/bln]

0.001

0.01 |

0.1 |

—TT T

MSTW?2008LO
LHCl4TeV

scale uncertamtles

wimpy ———— :

power
parton

| ZH + ZHj, merged scale uncertainties

wimpy ———
power

MadGraph5_aMCQNLO

300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000

muzg [GGV]

shower scale choice
* U=Mzy ‘WIMpy-shower’
¢ +/s/2 ‘power-shower’

muzg [GGV]

Merged results: MLM
Shower-KT
QCut=30GeV

Shower/merging insensitive observable:

Eleni Vryonidou

Nno significant shape variation

Merging-matching results (1) ¢
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" Merging-matching results (Z)G
Higgs Pr

ZH | | scale unciertaintiesI ZH + ZHji, merged | scale Um(‘jertailrltiesI

[ wimpy ' wimpy

. 1 v power ] power

= [ parton
e i @)
— q
=7 0.1 | z
S | >
~_ 0.01 } =
&) a,
= i =
- 2
MSTW2008LO

0.001 + rrc1aTev k-
0 100 200 300 400 500 100 200 300 400 500

Pr' [GeV] PH [GeV]
Shower scale variation bands:
Ut/2<Pps <2
Shower-sensitive observable

Merged results: Stable

Non-merged: Large shower uncertainty
Eleni Vryonidou 14
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Merging-matching results (3)

Pt of the HZ system

ZH | | scale unclertailrltiesI ZH + ZHIj , merged | scale unciertaintiesI

' wimpy 1 wimpy

= Lt power power
= | °
= 5
E i O
A | 2
3 0.01 } =
S - &
= 3
[ MSTW2008LO E
0.001 F rLHC14Tev s
0 100 200 300 400 500 100 200 300 400 500

PZH [GeV] PZH [GeV]

Extremely shower-sensitive observable (=0 at parton level)
Merged results: Stable

No big shape changes but significant reduction of
shower related uncertainty

Eleni Vryonidou
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gluon induced

Z A
i%/w m¢

Z
0

2

CMS search for heavy
pseudoscalar decaying to Zh
and 2HDM interpretation:
exclusion limits

>
~
Sy

Eleni Vryonidou

Zd in the 2HDI\/I@

Possibility of resonances

A—>Zh—1libb_ L=19.7 " (8 TeV)
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/P In 2HDM scenarios

Non-excluded 2HDM benchmarks

&

tan 3 Cv/ﬂ' mpgo MM 0 Mg+ m%2 g9 — ZhY | g¢g — ZH® | g9 — ZAY
B1| 1.75 -0.1872 | 300 441 442 38300 Bl | 113 3% | 686 T30% | 0.622 T35
B2 | 1.20 -0.1760 | 200 500 500 -60000 B2 | 85.8 135" | 1544 T | 0.869 1350
B3 | 1.70 -0.1757 | 350 250 350 12000 B3 | 167 157 | 0.801 T | 1325 2N
10 . ZhO + Zlhoj, meréed | g% I -
B3 ] .
S\  Resonance peaks in ZH mass

| » Interference with SM-like

§ | | diagrams

P + » Small Higgs couplings

s ¥ | modifications
o i » Production of ZA and ZH at
0001 " the picobarn level

200 300 400 500 600 700 800 900 1000

. ' myro |GeV
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Conclusions-Outlook

* Higgs assoclated production yet to be measured
accurately at the LHC

e GGluon-gluon fusion component important for high pr
searches at the LHC

e Additional jet ZH| loop amplitudes contributing significantly

in the high Higgs pr region

 More accurate description achieved by merging and

matching of 0 and 1-jet amplitudes

* |nteresting possibilities in the 2HDM: resonant production
and decay of the heavier states

Eleni Vryonidou 18
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