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Motivation |

VBF-V probes QCD dynamics

VBF-V as probe for aTGCs NVBS-VV

[CMS-SMP-16-018]

-1
> 6_|||||||||||||||||||||||||||||||:|%5|.|9|f|b||(|1|3|-||-e|\|/2 CERN EP2017115]
| : _ . _ ATLAS Vs=13TeV, 3.2 fo*
o 10 = CMS Dielectron = % - | = S 1.5FQCD(AlPGEy T T T T T VT T T
(D - L 4 ] ) - . ATLAS . . CQG +EW (POWHEG) v ;//
- Data . - i Vs=13TeV, 3.2 fb b . - . - % .
O 10°E Z|) - - g 10 ZJJ -uTev izt | S et -4
O m e —— = c s Zjj EW-enriched region = = 7 /
B . I Top quark i L% - ¢ Data . o5=. . .+ . . 0 //—l— 7
=~ 1k . = ® 1.5FQcOMGEamcy T L
n 10°F — et B B L %‘
E 3 N 10_1: Corrected B a 1_’WW’VW//‘%/%/ ' %é/é
G>) 10 - - ] = 0.5 4 ./
LLI ] 10_2_ + i 8 1.5F qgcop (SHEF\LPAZQ) C " A
2 _ - E ‘DU + EW (POWHEG)
] O
- 10°° =
0.5_| L L L L ! L L //é
10 = 1000 2000 3000 400C 1000 2000 3000 4000
Dijet invariant mass [GeV] Dijet invariant mass [GeV]
H 1 _ [C M Sll SIIM IPII |1|6|| |O|1| §]9| flbl I(13| -II-eI\I/) > 1.1 T TTTT TTTT TTTT | TTTT | TTTT | |3||5| |9| Ttl)l |(|]|-|3| -ll-lel\I/I)
(I) 1;||||||||||||||||||||||||||||| T T T T 711 ] LCJ Dllepton BDT>092 éMSE CCJ —Dllepton BDT > 0.92 CMS
0.5F M. M scale up/down E O g me ] O g ]
= F NN = - N = - ]
T IO RN S S e -
—— N\ Yy— - | Y— B ]
@ -0.5F" JES up/d T 5 09F = £ o9f =
I _:|_3||||L[lp||0\|N?|||||||||||||||||||||||||||||||||||E ®) i . o - ]
O 0 100 200 300 400 500 600 700 5(300 9;)0 g osf S -
p Gev Q. 0_7:_ _: Q. 0.7:_ _:
TZ @© N § © N .
O - : O - ;
Coupling constant | Expected 95% CL interval (TeV' ?) | Observed 95% CL interval (TeV' 2) 0.6p E 0.6p E
Cwww! " 2 ! 3.7,3. ! 2.6,2.6 05F o E OsE  om E
ol " 2 ! 12.6,147 [ 8.4,10.1 f i S f s W
C [ DY + EWK Zjj (MG5_aMC LO + Herwig) ] C [ DY + EWK Zjj (MG5_aMC LO + Herwig) ]
: A S | 1 1 1 | | 1 1 1 | | 1 1 1 1 | 1 1 1 | | 1 1 1 | : :I | | [ | | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 111 |:
0 50 100 150 200 250 300 0 50 100150200250300350400450 3

Third jetp (GeV) H (GeV)



Motivation Il:VBF-V as background of the invisible Higgs

VBF

¢ VBF-mode
subject to large "

Irreducible " g
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pp — /I + 2jets at 13 TeV
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¥ EW starts dominating for mjj > 4 TeV
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I high correlation of QCD higher-order corrections
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EW mode: onlfDCD corrections in VBF-approximation known
[Oleari, Zeppenfeld, O04]
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¥ QCD corrections decrease for large mjj (where QCD uncertainties are very small)
¥ QCD corrections universal at the 1-5% level
¥ Up to -20%EW corrections In the multi TeV in mjj (universal at the few percent level)
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Process ratios

¥ Naively Z+2 jets and W+2 jets should be highly correlated: exactly the same topologies & same IR structure

| percent-level corrections on ratios?
Vv / | ¥ Possible sources of decorrelation:
Z W %PDFs (partonic channels)
v v %mass effects (MW vs. MZ) small

odepton cuts

¥For the EW mode the correlation corrections (in particd{ab) is less clear

Y
/ w_| | ?
v Vv . .
', ¥ Possible sources of decorrelation:

%PDFs (partonic channels)
%s-channel / t-channel interference

%single-top

17



Rz/w.ocp

R/ RNLO QCD! EW

R/ RNLO QCD! EW

0.4
0.35
0.3
0.25

0.2
0.15

0.1
0.05

1.2

1.1

0.9

0.8

1.2

1.1

0.9

0.8

i®)]
©

I I I | T T 17T T T T T |IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIILL

I

(

|

|

—— QCDLO
—— QCD NLO QCD

—— QCD NLOPS QCD
—— QCDNLO QCD'! EW

L 1 1 || I|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIII'I'
1T 1T 171 I|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIH—

:

—— QCDNLOQCD'! EW
QCD NLO EW
—— QCD NLOPS QCD! EW

|_|_I|_'_I_IJ_I—I_'_||

—

= |

—— QCD NLO QCDXEW
—— QCD NLO QCD
—— QCD NLO QCD+EW

—_—1r— [ 1
—

——

|

=

2000 3000 4000 5000
112

1000

sdoouadO+ ediays

QCD Znn/Wen ratio

Rz/w,ocp

R/ RNLO QCD! EW

R/ RNLO QCD! EW

0.4
0.35
0.3

0.25

0.2
0.15

0.1
0.05

1.2

1.1

0.9

0.8

1.2

1.1

0.9

0.8

pp" llg+ 2jets/pp " T, + 2jets at13TeV

| [ [ [ [ | [ T T 1T T T 171 | [T IIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIILL
- wl/ jet veto =
:_|—'—:—|_|— ] [ =
— —— QCDLO =
- —— QCDNLO QCD .
- —— QCD NLOPS QCD =
f_ —— QCD NLO QCD! EW _f
- | | | | | | I A A A I | || IIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIII'_I'
~ [ [ [ [ | [ 1T T 1T T T TT1 | [T IIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIII-_I-
- —— QCDNLO QCD! EW .
= QCD NLO EW =
::|_I_I~|_|_‘ —— QCD NLOPS QCD! EW -
: ﬁ__l—l_l_\ ] 3
- L L— |_ .
:_ | | | | | | I A A A I | | IIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIE
: [ [ [ [ | [ 1T T 1T T T TT1 | [T IIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIII—_I-
] —— QCDNLO QCD'! EW -
- —— QCD NLO QCD ]
: | | | N A S A I | || IIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIII'_I'

1000 2000 3000 4000 5000
112

sdoouadQ+ ediaus

¥7/nn/Wen ratio extremely stable
with respect to higher-order QCD

¥Resulting uncertainties

at the few percent level!
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3.#mix = [NLO QCD+EW !
- NLO QCDXEW,
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QCD corrections tcEVW mode: mjj ratio
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RZ/ W,EW
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QCD corrections tcEVW mode: mjj ratio
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¥large decorrelation at small'm
when jet veto Is applied

¥still large correlation large!mi

even with jet veto
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Proposal: direct reweighing of M=EW,QCD samples

+ P
d d J WM oy ZWM T M) dod

ZM M
dxdy# (Cuc Mwe T T , 1 ZM oy WM dxdy#MC 've )

one-dimensional reweightingdata samples IN X=m|]

d
Z/WM WM \ _  dx I
R (X # #TH ) — dX| WM W,I\/I
Advantages: ot e )

¥ Reduced dependence on differing setups in TH and MC
¥ Can directly be validated in CR

't =(Mgcp s "Pss EW s PDF )

2’;{; " [500,550,...,1000 110Q .. ., 200Q 250Q 300Q 350Q 400Q 600Q 13000
Rewelghting selection:

Prj, ~ 100GeV, Prj, ~ 50GeV, mj,j, 2 500GeV, ' > 2.5,
prv > 150GeV for V = W*,Z
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This proposal has already been applied by ATLAS

ATLAS Post-fit -®- Data N\ Uncertainty E
 (s=13TeV, 1391t Bkg-only WMstongw [MEW W
B strong Z EW Z
B Other Multijet
--*H(B,, = 0.15) i
B .
) — .. B e
= — —— .. .
. e . =
I TR - :
—— -+ --------?'- """ .
— -@ Data/Bkg \\ Uncertainty ~ — Pre-/Post-fit -
= ---14Signal/Bkg - - 1+Multijet/Bg & -
TR U CUUACH S TSERESL AN
—_— ' =

m. [GeV]

I For SM Higgs: BRinv < 0.145 @ 95% CL



Conclusions

%NLO QCD toVBF-V so far only known in VBF approximation

%Here Prst complete NLQCD+EW computation to QCD and EW modes of V+2jets
%EW corrections to VBF-V modes up to -20% at large mj]

%smallQCD corrections and uncertainties to VBF-V mode at large mjj

%correlation of QCD and EW corrections at the percent level at large mjj
%Signibcant sensitivity improvements'inikissible searches

thanks to these theory predictions
%Outlook:
| dedicated predictions In phase-space of latest ATLAS VBF-Z hnalysis
(to be Included InYR)

I detailed comparison between VBF-approximation and complete NLO
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QCD corrections taQCD mode ratio#$ |j

pp" o+ 2jets/pp " 171, + 2jets at13TeV
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EW corrections taQCD mode#$ jj

pp" !/'g+ 2jets at13TeV
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rp — Kiw + 2 jets at 13 TeV
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¥No dphijj dependence In EW corrections
¥Or any other relevant dependence

26



QCD corrections tcEW mode#$ |j

pp" llo+ 2jets/pp " T, + 2jets at13TeV
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W,EW

Rz,
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QCD corrections tcEW mode: mjj ratio i¢$ jj bins

pp" "+ 2jets/pp " 1T, + 2jets at13TeV
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pp" "+ 2jets/pp " 1T, + 2jets at13TeV
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¥At small mjj signibcant compensation between negative corrections from small dphijj almd positi
corrections from large dphij
¥At large mjj small corrections in all dphijj slices
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Determine V+2 jets backgrounds in global fit

W (= IV)+2jets

global fit of Z(—1)+2 jets W(—=N)+2 jets
® {0 determine Z(—VV)+2 jets

® and the visible channels at high-mj,

® theory systematics (scales, etc.) via nuisance

* hardly any systematics (just QED dressing)

* very precise at low m),
* but: lImrited statistics at large mj

* fairly large data samples at large m,
* systematics from transfer factors: differential Z/VV ratio

potential for significant

improvements In H—=Inv searches!
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This proposal has already been applied by ATLAS

[EXOT-2020-11]

I Complementarily with direct detection !
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