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The EW SM

Global EW fit

EVV radiative
corrections

= Study dynamics of EVWSB
= [est BSM via indirect EVV probes
= Constrain backgrounds In searches




Perturbative expansion aMC@NLO, Sherpa, Herwig. .. &
Recola, Madloop, Gosam, Openloops

dedicated MC's: Matrix, MCFM,

do ='do1,0 + asdonLo NNLOjet, ...

NLOQOCD  O(10%)

2
‘|‘OéS dO’NNLQ

NNLO QCD ? O(1%)
‘|—Oé?é~ dO‘NgL()_|_'

N3LO QCD  O(0.1%)

<—> only known for inclusive-H, DY

scale variation at NNLO



Perturbative expansion aMC@NLO, Sherpa, Herwig. .. &

do =doro + asdonrLo + apw doNLO EW

NLO QCD

2
+Qg dO'NNLO

NNLO QCD

3 .
+agdonsLoy

N3LO QCD

<—> only known for inclusive-H,

scale variation at NNLO

?

NLO EW

* Fixed-order NLO
*Still computational

-W

y ve

Recola, Madloop, Gosam, Openloops

dedicated MC's: Matrix, MCFM,
NNLOJet, ...

argely automated

ry challenging for high-multiplicrty

(2 = 5,6,/) processes: VBS,VVV, off-shell top-processes, ...
* Consistent matching to parton showers only available for

few selected processes (DY, HV,VV)

DY




Perturbative ex

do =dor0 + asdonto + agw doONLO EW

NLO QCD

NNLO QCD
‘|‘Oé?év dO‘NgL()_|_'
N3LO QCD

<—> only known for

scale variation at NNLO

?

2 2
+Qg donnLo + Qv

jansion aMC@NLO, Sherpa, Herwig... &

Recola, Madloop, Gosam, Openl.oops

dedicated MC's: Matrix, MCFM,
NNLOJet, ...

sw AONNLO QCDxEW

NLO QCD-EW

<—> only known for DY (so far)

NLO EW ?
~w AONNLO EW + Qg
NNLO EW N
DY (so far)




-W uncertainties: Sudakov
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do/dor o

pp —Z(— {107 )+ jet @ 13 TeV
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-W uncertainties: Sudakov

Large EWV corrections dominated by Sudakov logs

V4, W=

[Ciafaloni, Comelli,’98;
Lipatov, Fadin, Martin, Melles, '99;

Kuehen, Penin, Smirnov, '99:

Denner, Pozzorini, '00]

Universality and factorisation: [Denner, Pozzorini; 01 |
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do/dpr v [pb/GeV]

do/dor o

pp —Z(— L1707 )+ jet @ 13 TeV
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-W uncertainties: Sudakov
I ‘ I é | |
[MLetal: 170504664 = Large EWV corrections dominated by Sudakov logs
> '
j Uncertainty estimate of (N)NLO EW from naive
- exponentiation X 2:
- ARW ~ (knporw)
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pp —Z(— 107 )+ jet @ 13 TeV
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-W uncertainties: Sudakov

Large EWV corrections dominated by Sudakov logs

v

Uncertainty estimate of (N)NLO EW from naive
exponentiation x 2:

AR = (kNLOEW)2

v

check against two-loop Sudakov logs
[KUhn, Kulesza, Pozzorini, Schulze; 05-07]

e.g. from scheme variation, e.g. Gmu vs. a(mZ)
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* all based on
[Denner, Pozzorini, ‘00, 0]

Tools for

MadGraph>_aMC@NLO

also: alpgen [Chiesa, et. dl, ’| 3]

-W Sudakov corrections

Openloops

[Pagani, Zaro, 2| ] [IML, Mai, to appear]
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oy . 2ano -VW uncertainties: QED radiation | NLOPS EW needs to be

resonance-aware: [Jezo, Nason, '| 5]

_, CTe#TH production [Gtitschow, schdnherr, 20] [IML, Lombardi, Wiesemann, Zanderighi, Zanoli, 22] a
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MINNLOPS QC

D+ N

OPS
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(Talk bY [IML, Lombardi, Wiesemann, Zanderighi, Zanoli, ‘2 2]
for NLOPS QCD + EW also [Chiesa, Re, Oleari '20]
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[IML, Lombardi, Wiesemann, Zanderighi, Zanoli, '22]

*Percent level precision iIn MINNLOPS QC

D + NLOPS EW predictions



Mixed OQCD-EW uncertainties
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~xact mixed QCD-EWV for DY

[Buccioni, Caola, Delto, Jaguier, Melnikov, Rontsch, "20]
[Behring, Buccioni, Caola, et. al. '20]

[Bonciani, Buonocore, Grazzini, Kallweit et. al. 2 x 2]
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» pole approximation vs. full computation: agree below the percent level
» Comparison against naive factorised NLO QCD x NLO EW ansatz: fall at the 5-10% level

» At large PT.ut in DY: sizeable contributions from PP — V7 which receives larger EW corrections




Mixed OQCD-EW uncertainties

[M. Grazzini, S. Kallweit, IML, S. Pozzorini, M. Wiesemann; ' 9]

do /dpr v, [fb/GeV]
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— NLO QCD

—= NNLO QCD
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1.7

[ NLO EW /LO
- 3 NLO QCD /LO

. ——= NNLO QCD /NLO QCD

S—=———=,

E

—— NNLO QCD+EW
- 1 NNLO QCDxEWq
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prv, |GeV]

STV
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*NLO QCD/LO=2-5! ("giant K-factor’™)
*at large pIVI1:VV phase-space I1s dominated by V+jet (w/ softV radiation)

00y — dO‘V(V)j QZ
/va_; Lo ¢ as log? (M2 > ~ 3 at Q= 1TeV
4% 7%

* NINLO / NLO OCD moderate and NNLO uncert. 5-10%

o~ +NLO EW/LO=-(40-50)%

*Very large difference donynT.0 QCD+EW vs, dONNLO QCD xEW

* Problems:
|. In additive combination dominant V| topology does not receive any EVW corrections
2. In multiplicative combination EVW correction forVV is applied to V| hard process

* Pragmatic solution [|: take average as nominal and spread as uncertainty
* Pragmatic solution Il: apply jet veto to constrain Vj toplogoies



M

°S @ NLO QC

D)+

-W

WW(+et): [Brauer, Denner, Pellen, Schonherr, Schumann; 207

//(+)et): [Bothmann, Napoletano, Schonherr, Schumann, Villani; 21 ]

Used in many ATLAS modern

multi-purpose samples:
V+jets, VV+jets, tt+)ets

[Kallweit, IML, et. al.; "1 5]

*More rigorous solution: merge VVJ incl. approx. EVW corrections with VV with Sherpa’s MEPS@NLO QCD + EWvirt

Pp — ;ﬁvye_ﬁe + X @ 13TeV
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MEPS@NLO QCD + EWvirt
pp — pt+1/ﬂe_17e +jets @ 13 TeV
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NLO QCD x EW
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ﬁ

250 300 350

||||‘||||
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R ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ T <«
=
= MEPS@NLO =9
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Perturbative expansion: tower of contributions

[S@e
alsA.
*For processes with at least 4-quarks there is a tower of LO(NLO) contributions. "2l by GO | 5
E.o.: multijets, tt + X V+jets (VBF-V),VVtjets (VBS-VV), | e///CC'b//']
q q q q
(/v %
V+2 jets: / )
v ﬁ/l/ E/V
q q q q
do = do( OéSOé ) + do( OéSOé ‘|‘d0( LO
QCD-mode &O‘S mterference Oas
o(asa®) da(a%ag) do(aa®) + o(a®) NLO

“NLO QCD” “NLO Ew”  "NLO QCD™  "NLO EW”



o[t LO interference is small: possible to consider QCD and EWV production modes as
independent and factorise QCD and EW corrections to the respective processes
» Otherwise, still factorise but consider QCD+EW combination as nominal (and QCDxEW as uncertainty)

VBF-V @ NLO QC

pp — v,y + 2 jets at 13 TeV

— [ [ [ [ ‘ [ [ [ 1T 1T 1T 11 ' TTTTTTTI IIIIIIIIIIIIIIIII-I_—
§_—'_'_'_I —‘—-—._|_|_|_|_|_ =
- —— QCD LO _
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é I I I I | | | [ | | IIII|IIIIIIIII|IIIIIIIIIIIIIIIII:
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§_ | | | | I O O O IIIIIIIII|IIIIIIIII|IIIIIIE
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o/d (TNLO QCD

1.4
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)+

PP — V7, + 2 jets at 13 TeV [IML, Pozzorini, Schénherr, '22]

First complete NLO QCD

-V vs.VBF-approximation
[Oleari, Zeppenfeld, '04]
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— |
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| |+

S q —9
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— 1% 587 _:?4
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g — EW LO N
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\
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do

delJ'z

1/LOtot

[Gev

102

104

1075 L

107°
20

10 +

0 [%]
o

-30

_\/\/ ZZ+2 ets @ NLO QC

VBS @ NLO QCD + EW

QCD and EW SS-WWjj at NLO QCD+EW: [Biedermann, Denner, Pellen "1 6+1 /]
EW WZ]] at NLO QCD+EW: [Denner, Dittmaier, Maierndfer, Pellen, Schwan, ' 9]
QCD and EW Zij at NLO QCD+EW: [Denner, Franken, Pellen, Schmidt, 20+21]
EW WWjj at NLO QCD+EW: [Denner, Franken, Schmidt, Schwan, '22]

D+ EW

NLO

_|—|: [Denner, Franken, Pellen, Schmidt; "2 | ]

LOEW |
LOINT -
LO QCD |

_I_I_I_'_l—.

7

(04 O o
| |

OCOC

200 400 600 800 1000 1200 1400 1600 1800 2000

M;;, [GeV]

*) — 6 particles at NLO EW |
Order O(a®) + O(a’) O(a®) + O(asa®)  O(a®) + O(a’) + O(asab)
M; 5, > 500 GeV

onro|fb] 0.06069(4) 0.07375(25) 0.06077(25)
5[%) —17.6 0.1 ~17.5

*|In the VBS phase-space EVW mode receives:

»very small QCD corrections (percent level)
» O(20%) EVV corrections

* Always measure also combined QCD-mode + EVW-mode
fiducial xsections!




1/lvqq’bb

pp — K‘:ngjbg

pp — £~ 7,bbgq at 13 TeV LO
L I I I [ | T T T | |
1 I
lvqq’bb
- Ny 22  —— pbyl-sl
— tqq’b (t-chan) s
o- — tqq’b (s-chan) _
lvqq’+bb (VBF) 5
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10 *
10 °
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| | |
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Hﬁ/ it

l =
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1.2 —
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2™ Off-shell semi-leptonic #+decay @ NLOPS e
[lezo, IML, Pozzorini, to appear]|

*In this approximation we drop some off-shell/interference effects
* But: tt, wt and tt-wt interference Is retained!

* POWHEG emission based on allrad approach: .

4 )

_ Rbb41 D, (P ,CI)O‘
dG p— Bbb4l—sl (q)B) dCI)B H Agbéll (qCut) _I_ Alo)cblll (kg) (04 ( OC( B ))

rad

ddZ

d
. BPb41(Pp) ra
\ _ U
4 _ <
_ _ pp—Lv;qgbb o ]
< A]gcp—%wchbb (cht) 4 A]&p—)fvqu'bb (kO‘W) RO‘W ! (CI)OCV_V(CI)B ; q)ra‘g) )dCI)a‘aV
w W d Bpp—viadbb (Py) ra
— ~

emission from W~ or W~
*Note: can also be used for full hadronic decays!



azzini) bb4l-sl vs. on-shell tt + tW with decays

€\
(Talk bY W. "
[lezo, IML, Pozzorini, to appear]
_ + ) -
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= i T —— lhug+ST DS NLOPS 2 10 = L hvg+ST DS NLOPS [E
5 | | [ - S —_ :
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S 1077 E
S — -
1= — - -
- Np=2,R=0.5 = -~ Ng=2,R=05 |
-~  POWHEGBOXRES/bb4l-sl ] 103 = POWHEGBOXRES/bb41-s1 E
L1 L L L L L1 - o o o o o =
n - R R R R R — T T T T T T T T T T T ] =
2 B = <
& - N a B |
3 1.1 - —— hvq+ST DR — S 11l —— hv
- —+— hvq - S B | -
05 :_ —+— SL-ttbar _: 1.05 _— |II h;:_ —
B —— — r — B : e i | |
1 - e B —r— .
n L4 — = 1
: — 1 = = | i
- E 0.95 |- | -
— R=05 — - .
- - 0.9 ]
el N | I I I N I [ / B
-2 -1 Y 1 2 S N R R B R R I B A A
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pr [GeV]
* Percent-level agreement between bb4l and hvg+ST! e Large differences between tW-DR and tW-DS e.g. in the tail of pT|

« O(1%) difference: tt-Wt interference + genuine off-shell | ¢bb4l agrees at O(1%) with tW-DS

e Thanks to new ME-based resonance-histories: tt fraction in bb4l



Conclusions

» Precision is key for EW measurements,
as well as for searches.

» EW corrections become large at the TeV scale

» Convincing progress In many directions:

v EW Sudakov logs

v QCD-EW
v (N)NLOPS QCD+EW
v Multi particle processes: 2 = 5/6/7 ik

KEEP
v Off-shell semi-leptonic tt @ NLOPS-RES CALM

AND
» Let's push the SM precision frontier!
measure ON calculate




Backup
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Theoretical Predictions for the LHC

Hard (perturbative) scattering process

Hadronization/fragmentation/decay
» pheno models

Multi Particle Interactions (MPI) “~ e
» pheno model ~

Key: QCD factorization: .
/\ Short distance non-
hl perturbative effects (PDFs)

F (Q) EoRoby 0 \
i QCD Bremsstrahlung
» parton shower
n » matched to NLO matrix elements
2 X ~ "l e ,
» DGLAP fitting ERIP Y L <\ *  QED Bremsstrahlung
RO dts S » parton shower
N * ’

» matched to NLO matrix elements
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-W standard candles at hadron colliders

Precision EW Top
V+jets VBF-V tt single- tt + X
O QCD NNLO OQCD  NNLO OQCD  NLO OCD NNLO OCD  N(N)LO QCD N(N)LO QCD
1O EW +NLO EW +NLO EW +NLO EW +NLO EW +NLO EW +NLO EW
-NNLO QCD-EW
Rare processes Higgs
VBS VWV s nclusive  H+jet  VH/VBF  HH
NLO QCD NLO QCD N3LO QCD NLO QCD  NNLO QCD  NLO QCD

+NLO EW +NLO EW. +NLO EW +(N)LO EW  +NLO EwW  +T(N)LO EW
25



Perturbative ex

do =dor0 + asdonto + agw doONLO EW

NLO QCD

NLO EW

2

?

2
+asdonnLo + afw donNNLO -

NNLO QCD

?

sw + asapw AONNLO QCDxEW

NNLO EW

3 .
+agdoNsLo+

N3LO QCD

scale variation at NNLO

jansion aMC@NLO, Sherpa, Herwig... &

Recola, Madloop, Gosam, Openl.oops

dedicated MC's: Matrix, MCFM,
NNLOJet, ...

NNLO QCD-EW

NLO QCD + EW

scheme variation, e.g. Gmu vs. a(mJZ) VS.

_I_

in case of EW Suc

dominance:

NLO QCD x EW

akov

expone

ntiation 26
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—o0

pp — V(= OV (= 10"

The need for off-shell computations:VV

[Biedermann, M. Billoni, A. Denner, 5. Dittmaier, L. Hofer, B. Jdger, L. Salfelder ;1 6]
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pT,e— [GeV]

U

_5 i -
—10
——10 |
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95 L
—30
—35 L

600

= sizeable differences in fully off-shell vs. double-pole approximation in tails
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Relevance of EVW higher-order corrections: photon-induced channels

Il. QED factorisation and thus photon luminosities needed to absorb IS photon singularities.

- Possible Iarge enhancement due to photon-induced channels in the tails of kinematic d|stnbut|ons,

q

_ qq Yy
doyo = dO’LO + dO‘LO

pp%eer Ve Uy pp — et U vy

no 'y

‘IIII‘ ‘ II‘IIII I I|IIII| | I I|II!I

—[Ka weit, IML, Pozzorini, Schénherr, "1 /]

|
[ B

=
-
II‘IIII
=
-
II‘I

/CII‘IIII

-
O

G A T A T L Y TN RN SRTERES S

2
7

(
%
do/doNLo QcDxEW

dofdonLo ocDxEW
=
o
o
\O

09 — T __ N ° __
- YPDF === CT14 **** none - ~ yPDF === CT14 **°*°* none %o
i ——=[UX === NNPDF3.0 } - -==LUX =r== NNPDF3.0 _
S R RN RN R SO R B S R S 1
| | | | | ' ' 20 50 100 200 500 1000 2000
10 20 50 100 200 500 1000 2000
myp [GeV] pre, [GeV]

=¥ large differences between different photon descriptions. Now settled: LUXqed superior

=*» O(10%) contributions from photon-induced channels

28



Combination of QCD and EVV corrections

e full calculations of O(aay) out of reach

* Approximate combination: MEPS@NLO including
(approximate) EW corrections

* key: QCD radiation receives EVW corrections!

* strategy: modity MC@NLO B-function to include NLO EW
virtual corrections and integrated approx. real corrections = VI

En,QCD—I—EWVirt(ch) — Bn,QCD(q)n) + Vn,EW(q)n) + In,EW(q)n)
7 ’\
exact virtual contribution
approximate integrated real contribution



Mixed QC

-

-VWV uncertainties

Estimate of non-factorising contributions

pp — V+jets @ 13 TeV

E_| | | [ [ | [ [ [ [ | [ _E
- Z(0TL7 )+ jets
E ]
5 —— Teut > 0.001 g
: - Tcut > 0.01 :
L | Teut >0.04 -
:_| | | I I | I T 1 | I =
= W(lv)+ jets E
— | | | | | | | | | | | —
E_| | | [ [ | [ [ [ [ | [ _E
= v+ jets .
= _ﬁ:
z 3
— | | | | | | | | | —
100 200 500 1000 3000
prv [GeV]

N-jettiness cut ensures approx. constant ratio
V+2jets/V+et

T —

| 2pi - ak
z,; Z{QNE}

V+jet
NLO EW

— K

V+2jets
NLO EW

K

NLO EW

V+ijet
o
Q
¥

— K

V+2jets
NLO EW

K

NLO EW

V+ijet
o
o
¥

— K

V+2jets
NLO EW

K

© o 9
o © O
N o N K

o
o
A

o
®)
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©
O
N O

o
@)
A

o
®)
=

©
o
N O

o
@)
A

pp — V+jets @ 13 TeV

|_ Tcut > O.|OO].
- Tcut > 0.0].

- Tcut > 0.04:
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Drell-Yan: Mw measurements

* Motivation: Mw Is a derived quantity = precise measurement Is a stringent test of SM!
* Method: template fits of sensitive CC DY distributions (pr.1, M7, Emiss )

200

1.001

AMy = 2 MeV
AMyy = 20 MeV

My = 80.398 GeV
My, = 80.418 GeV

180

1.0005
160

140 F

* Need to control shape effects at the
| =gy SUb-1% level
e Dominant effects: QCD ISR and QED FSR

120 F
100

| 0.9995
OT. |

0.999 F

80

60 0.9985 | LHC W™ 8 TeV

40 + LHC WT 8 TeV R — Mw=80.398

0.998 | Mw,i

20 |

0 charged-lepton transverse momen di ibution

09975 1 1 1 1 1 1 1 1
25 30 39 40 45 50 59 60 65 70 25 30 39 40 45 50 55 60 65 70

Py [GeV] P [GeV]

L’

[Calame, Chiesa, Martinez, Montagna, Nicrosini, Piccinini, Vicini;"| 6]

— [heory precision essential for improvements in m\W determination!



Mixed QCD-

-VW corrections to

o[-Or precision in resonant region: expand around M?2

non-factorizable

[Dittmaier, Huss, Schwinn, " 4]

negligible

orod x decay

[Dittmaier, Huss, Schwinn, " 5]

dominant

N( :-o.oos L
" —"-‘

For production only
» QCDxweak dominant over QCDXxQED

» net effect: few per-mille

-0.005

sl YEE

dA/dy"

q_a
-0.015 [ Production only v
b

2 -15 - -0.5 0 0.5

VII

— QCD2/10 — QCDXQED —— QCDxweak

DY production: NC

genuine QCD-EW in prod

[Buccioni, Caola, Delto, Jaquier, Melnikov, Rontsch, "20]

L1 CC+

-
s+ — - L0 - -
O b s ST T s i e v i i bt i [T T -

- -
e e W= W - = e e e e e am e e e e e s S S owm e wm -

[Behring, Buccioni, Caola, et. al. '20]
last missing piece

NC.:

e 60w _ OHAn oy

J

[Behring, Buccioni, Caola, et. al. "2 | ]
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VBF-V as background of the invisible Higgs

q
VBF ,
3 VBF-mode
subject to large
X . . 1%
irreducible J
backgrounds
X
QCD-mode
85017 (13 TEY)
5% cMs. oo
B0 utand.count %X}Ex) : irreducible SM backgrounds:
s o
"0k ] overbaconss pp—=Z(—=VV)t2 jets (QCD) = MET + 2 jets V + 2 et
500 % st J, _ , Je >
ol b= T ppPW(—=Iv)+2 jets (QCD) = MET + 2 jets (lepton lost)
a00f .77 - pp—=/Z(—VV)+2 jets (EW) = MET + 2 jets VRE.V/
T s : pp2W(=Iv)+2 jets (EW) = MET + 2 jets (lepton lost) i
100 %|_|=:|ﬁ _
A Zi::; ?g;gw Need to control these backgrounds at’

HIG-1/7-023-pas
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N

pp — vi +2jets / pp — £ v, + 2 jets at 13 TeV
O°4 I I

8 E I I | I T T T T T TT | T ||||||||||||||||||||||||||||||||||L:Lij)
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: El
oz 03 [ —0
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0.05 :_ - QCD NLO QCDXEW _:
S T B R AR AR AR R IR IR
1.3 |- —
- —— QCD NLO QCDxEW -
=z 12 QCD NLO EW B
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: —— QCD NLO QCDxEW .
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S e — :
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°
J
O

h QC

dNdad

Rz/w Ew

jets/W
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D and EWV ratios universal wit
EVWV corrections at the percent leve

jets ratios for
[IML, Pozzorini, Schénherr, "2 2]

pp — Vi + 2 jets / pp — £ v, + 2 jets at 13 TeV

| = Invisible
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- ;§ » 108 = H(B, , =0.15) .
3 5 .
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5FS

4FS

Interplay between top-pair and VWt single-top production

same finale state!

102 =
- tW at the LHC13

[ 5FS (N)LO+PYTHIA8
[ No cuts

. [Demartin et. al; " 6]

* NLO corrections to Wt swamped by LO tt+decay

* requires ad-hoc subtraction prescription: DRI, DRII, DSI, DS

* NLO+PS for Wt available in MC@NLQO [Frixione, et. al.; '08],
POWREG [Re; ' 1] and Madgraph_aMC@NLO [Demartin et. al.; ‘1 6]

do/dp1(jy, ;) [pb/bin]

b W 0w E e 2.00
© ) b S b 1.50
Wi tt same finale state! 1.00

* unified treatment of top-pair and Wt including interference
* Wt enhanced in phase-space regions where one b becomes unresolved/vetoed
* requires off-shell WWWbb calculation (with massive b’s)

5FS

LO
NLO DR1

NLO DR2 1

NLO DSI

NLO DS2

raaal L L s sl L Loy
MadGraph5_aMC@NLO

100 200
prUp,1) [GeV]
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The resonance-aware bb4l generator
[lezo, IML, Nason, Oleari, Pozzorini, "1 6]

» Full process pp — b66+V€,u_ﬂlu with massive b's (4FS scheme)

> _
. 5 bbAl
» Implemented in the POWHEG-BOX-RES framework = res-default
= —o— res-off :
_ § B O Tes-guess
gfb\ _ Ve g’a\ b q VM E - |
ﬁ\ﬁ\g\&\ﬁ\m‘g B} 9o Y. \ . \\Y% . :§ .
E ) '
t B c W~ . I§ 15 ;— . o i
b i b £ 10 . —
~ - i
999/% Vi 999 Vi ﬁ&@&&‘ﬁ< % 0.5 ‘ Q% ‘ ‘
5V WS oY K . d b 150 160 170 180 190 200
My, (GeV]
Physicg features: Standard POWHEG matching:
* exact non-resonant / off-shell / interference / * Standard FKS/C5 subtraction does not preserve
spin-correlation effects at NLO virtuality of intermediate resonances — R and B

* unified treatment of top-pair and Wt production (~>) with different virtualities.

with interference at NLO * R/B enters POWHEG matching via generation of
radiation and via Sudakov form-factor

* access to phase-space regions with unresolved b- - uncontrollable distortions —

quarks and/or jet vetoes

+ consistent NLO+PS treatment of top Resonance-aware POWHEG matching: [Jezo, Nason, "I 5]

resonances, Including quantum corrections to top * Separate process in resonances histories
propagators and off-shell top-decay chains

* Modified FKS mappings that retain virtualities
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Multiple-radiation scheme

» In traditional approach only hardest radiation is generated by POWHEG:

b b b

p
Y / W t W b , —_—

. or % v Oor .

p p ) p
b b b

Ra(q)oz(q)Ba (I)ra,d))
B(®g)

BUT: for top-pair (or single-top) producti_on and decay, emission from production_ s almost
always the hardest.

dq)rad

&  do = B(®p)dPp |A(geus) + Y A(KS)

= emission off decays are mostly generated by the shower.
> Multiple-radiation [ allrad scheme: introduced in [Campbell, Ellis, Nason, Re; | 5]
* keep hardest emission from all resonance histories.

* merge emissions Into a single radiation event with several radiated partons

e e >©€i R

(I)Bv d
ra dq)ra
B(<I>B) d

(I)B ddg QCut) + A (ka)

o= Ckb Oéb ISR



11/GeV]

minimax

do

Cd

Model/Data

Off-shell effects in bb4l

"Probing the quantum Interference between singly
and doubly resonant top-quark production in pp
collisions at +/s = |3 TeV with the ATLAS detector"

Phys. Rev. Lett. 21 (2018) 152002

|| ] |} ! ' ! J I I I | | 1 1 ] || || 1 1 I

Y “"‘* | Data, stat. uncertainty
10 3 Full uncertainty =
- o * Powheg+Pythia8 |'vIvbb 7
i " % Powheg+Pythia8 tt+tW (DR) i
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minimax
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— measure top width

= min{maX(mblfl, mbzfz ), max(mblfz’ mbzfl )}

B . . 2 2
For tf (double-resonant) at LO: Mg, < \/mt — My

— sensitivity to off-shell effects/ tt-VWt interference beyond endpoint

EB b_bbar_41 events, varied I';,
o8 10 F —1.33GeV  Theory unc.
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pp — Z‘:ngjbg

4 2 2 4
asa’ o asa’

OésOé

top production

tt + tW

V + HF
W*bbjj

Semi-leptonic tt

Very high complexity in the full computation :

VBS+VVV
b

W=Zjj +
W2V

[Gev]

do
AP T 10ppgg

K factor

100 150 200 250
PT top, ., [GeV]

"0 50

300
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bb4l-sl vs. on-shell top-pair plus single-top

[lezo, IML, Pozzorini, to appear]

pp — eTv,jjbb @ 13 TeV

z 1L _
g = —+— SL LHE =
J& E —— SL NLOPS E
= n - _
=
o 107 = — —
T 1 ;
: g , -
JR=05 : =
10-2 POWHEGBOXRES/bb41-s1 _
R N N N N N N =
% 10 T T T T T T T T —
5 8 - —+— SL =
3 = hvq+ST DS 7
%) 6 ]
G - -
g b E
= > [ _ ]
_—.R;%_I_ =]
=1 1 L1 L1 = L1 L1 L1 =
% 10 =1 AL R B B B B T T T -
5 8 - —+— SL =
N - hvg+STDS -
%) 6 ]
G - -
g e E
= > [ _:
S B L1 = I L1 L1 =
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mW—]-E [GeV]

do /doppal

pp — eTv,jjbb @ 13 TeV

— T T 1 ‘ T 1 ‘ T 1 ‘ T 1 ‘ T 1 ‘ T 1 ‘ T 1 ‘ [ ]
_ [ =—+— SL NLOPS _
- B hvq+ST DS NLOPS -
101 — = —
- Np=2,R=05

—PBWHEG BOXRES/bb41-s1 7]

[ [ [ [ [ [ [ |
= T T 1 T 1 T 1 T 1 T 1 T 1 T 1 g
1.1 = —+— hvq+STDR ]
- hvg+ST DS +
1.05 - —— = hvq _
- | | —+— SL-ttbar 5
' = T :
L == _:
0.9 = R=105 —
: [ | [ | [ | [ | [ [ | [ | | :
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» Control of reconstructed top-mass crucial for top-mass measurements
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New features in bb4l-s| / bb4l-dl

[lezo, IML, Pozzorini, to appear]|

p, - m? o
[ (s—p?)2+m?T?2

4
m,

(5—/3%)2+m

X...
212
trt

4

P P P, = mz
C/O" — /:)1-:/32 C/U —+ /__)1 —I—ZPZ C/O' 2 (5—/3%)2+m%F% X

P1 =By
/32 — BtW""

P3 = By~

Kinematic projectors

ME projectors
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do/dpt [pb/GeV]

NLOPS/LHE

MeH/OrigH

MeH tW /MeH tot
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New features in bb4l-s| / bb4l-dl

pp — e veu v, bb

[lezo, IML, Pozzorini, to appear]

pp — et veu v, bb
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*Excellent agreement between original and ME-based projectors
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New features in bb4l-s| / bb4l-dl

[lezo, IML, Pozzorini, to appear]

P1 =By
ME projectors

Vi Py = By

P P>

P
/31 +/32+P3

do = 5 +/33c/0 - B do - do P3 = By

1+PZ 1+/32+P3

ME projectors might allow to define single-top fractions in off-shell computation!

. 2
Ot — hm gt Obb4l
&;—)O

Pt—>§trt)

. naive matrix-element based extrapolation
ﬂgHSt)((I)B) ME!” — ‘At5|27

.- =1 y=0.1 ME ME’ ME" I'r —0
pé&i)(%) v = [Aar+ 2 ~

| tt 90.6% 95.3% | 94.2% 93.7% 95.3% 96.0%%
i (OB)| v = A2

| tW | 9.4% 4. 7% 5.8% 6.3% 6.2%
pﬁgrlrit)(q)B) ME! — ‘Afull|2 — ‘*Atf|2 _ |~Aﬂ/[/+|2 - ‘AtW_|2 40%

rem — 1.5%
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