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Concept

https://arxiv.org/pdf/2304.03053
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Fit this distribution for "o WW & 2t % "\f £*
VBF WW T N <l
VBF H=>WW and VBF WW (no Higgs) should have 4 2 ¢ 2

very similar pdf and QCD uncertainties
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< A e 4
Result should give an absolute estimate of szv/FH =7 7
h

with small theory uncertainties zf\»

P 5 P
NG NGy
Main experimental uncertainties also cancel to first 7 g g

order (lepton id, jet energy scale)
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Concept

® 300 amr A 3
8 - ATLAS ® Data  \\ Uncertainty _
g osof. /8= 13 TeV, 139 o' WH. [H. E
® - Signal Region (Jtop Wvv .
§ 200 (Pre-fit) Wz +ets[JMistd
L - ]
150 -
100 =
- N
» m
0 L —
-8 1.4 - T , E
§ 1 21 5 \ N KX .............................. \&
Q 06 ' ' ' . :
0 100 150 200 250
my [GeV]
R H—-> WW
Fit this distribution for
VBF WW

VBF H=WW and VBF WWV (no Higgs) should have
very similar pdf and QCD uncertainties

Result should give an absolute estimate of x2/I'y,
with small theory uncertainties

Main experimental uncertainties also cancel to first
order (lepton id, jet energy scale)

UNIVERSITY 0f PENNSYLVANIA
https://arxiv.org/pdf/2304.03053

VW77 .

Events / bin width

Data / Pred.

Top and Z — 77 backgrounds are significant
) Cut tighter...
2) Lots of control regions

Also forward tracking and b-jet tagging (already at HL-
LHC) may signification suppress top

100 TeV and 30ab-! gives order 4000x more statistics

Maybe this ~20% uncertainty could be ~1%

Elliot Lipeles UNIVERSITY 0f PENNSYLVANIA



Status Penn
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Strategy = cut hard on VBF signature to demonstrate clean signal ... not so easy

FCCAnalyses: FCC-hh Simulation (Delphes)

First pass with privately generated > 10 T T T T T T T T 'dg’gl T w
Q) =
D\e/lphes (fr.on.1 FCChh LHE files) S gL V5= 1000 TeV e
* Very preliminary = = | _ 30 Mz >
* Working with Birgit on getting full set of € oL VBFH—-WW v Ex\é;eﬁtolc "
official vO7 samples o = My Ay Ay P O -
10" 7 E
Missing VBF WW (non-Higgs) 1065_ 3
.
N Z .
Low stats particularly in Z — 77 105 Z /
* New sample found that should improve this -
testing now 10%e
* No Z — 77 veto implemented yet Y
10 ‘-§A’m
Double checking normalizations (e.g. k-factors T L =
0 50 100 150 200 250 300

are almost certainly wrong). MT [GeV]

. . components of p, and £ and
Searching for more ttbar suppression P Pey

assuming m,,, = m,,
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Selection @Penn
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* One e and one i
* At least two jets

FCCAnalyses: FCC-hh Simulation (Delphes) FCCAnalyses: FCC-hh Simulation (Delphes) FCCAnalyses: FCC-hh Simulation (Delphes)
> 12 |III|IIII|IIII]|IIIIIIII|IIII > 1013 |I||||I|||[ll|lll||I||I|I|I||IIII|IIII|IIII|III _g‘) 1013?]III|[|I||IIII|I[II|IIII]IIII|
o 10 E [ c =
o = (g -H W [Hgg »H SWW G - og —>H Sww

C - < > - —

3 10"k Vs =100.0 Tev i S 1025 V5= 100.0 TeV M S 10”L Vs = 100.0 TeV .
> 1OEL=303b" & jotiL- L=30ab” Bz - o L[ L=30ab" Bz -
= 10 = VBFH—> WW = liw P VBF H— WW — livw [ VV leptoni 10 = VBFH— WW — liw [ VV leptoni
S - Preselect 3 10 i — VBFH - WW = _ —VBFH —
[0} 109 = rese ?c a>.> Preselection Events 1010 L Preselection Events
- . :
10° 10 109
E o g =
107 10 108
6 107
10 107
5 10°
10 ) 10°
10
4
10 - 10°
3
10 o 10*
10? Ll T T
0 50 100 150 200 250 300 0 1000 2000 3000 4000 5000 6000 7000 8000 900010000 0 0.5 1 1.5 2 2.5 3
MT [GeV] m. [GeV] 8
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Selection

events/ 10.0 GeV

1011
1010
10°
108
107
10°
10°
10*
10°

10?

0 50

* One ¢ and one i
* Exactly two jets

FCCAnalyses: FCC-hh Simulation (Delphes)

IIlI|IIII|IIIIIIIII|III[|IIII

TTIT

i [gg »H Sww
E Vs =100.0TeV B

L L=30ab” Mz -

= VBFH—- WW = liw [ V/V leptoni

E  2-jet exclus

-

100

150 200 250 300

MT [GeV]

FCCAnalyses: FCC-hh Simulation (Delphes)

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII:

> 3 :
3 102 [(Jgg —H 2 WW; g2
S Vs = 100.0 TeV . t e
& 10" [ =30ab" Bz - 10"
- [ VV leptonic
()]
£ joo VBFH- WW - v —VBFH w107
= 2-jet exclusive 3
(0] 9
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108 E 10°
107 .
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o 10*
10°
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o
o
(]
(o]
o
o
o
—
o
o
o
o

m; [GeV]

Penn
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&

FCCAnalyses: FCC-hh Simulation (Delphes)

:I T T T | T T 17T | T T 17T | T T 17T | T 17 | T T 1771 |;
= [Hgg »H owWW
- {s=100.0 TeV it 3
= | =30ab’ Bz -
= [ VV leptonic
- \(BF H —) ww —llvv —VBFH —s4vW
= 2-jet exclusive 3
0 0.5 1 1.5 2 2.5 3
3¢
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events/ 10.0 GeV

Selection (con't

* One ¢ and one i
* Exactly two jets
* Veto loose b-jets

FCCAnalyses: FCC-hh Simulation (Delphes)

EIIII|lIII|IIII|IIII|IIII|IIII§
1011:_ |:|g_g —H :_>
= {s =100.0 TeV B
101°_§L=303b" Mz - L
= VBFH— WW - liw [ V'V leptoni
E  2-jet exclusivesandsb-jet | E
10° =
107 o
100
105
10*
10°E
10°
0 50 100 150 200 250 300
MT [GeV]

Ww

events / 250.0 GeV

FCCAnalyses: FCC-hh Simulation (Delphes)

10'®

events

10
10"
1010
10°
10®
107
10°
10°
10*

10°

FCCAnalyses: FCC-hh Simulation (Delphes)

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

[Jgg —H wWw
Vs = 100.0 TeV I t
[ =30ab’ Bz -
[ VV leptoni
VBFH—- WW - llvv —VBEH s WW

II| IIIIIlu] IIIIIlu,l IIIIIIII| IIIIIIII| LLIL

1 2 3 4 5 6 7 8 9 10
Number Jets

IIII|IIII|IIIIIIIII|IIIIIIIII|IlII|IIII|IIII|IIII

&' Penn

UNIVERSITY of PENNSYLVANIA

FCCAnalyses: FCC-hh Simulation (Delphes)

[%]
102 gy »H »ww 5§ 107 Mgy »H 2WW
- > — -
+F Vs =100.0 TeV I t © [ Vs=1000TeVv it
10 L =30ab’ Bz - 10 = [ =30ab’ Bz -
VV leptonic - [ VV leptoni
10°E VBFH— WW - iiv ] : 100C VBFH— WW = livy
9 2-jet exclusive and b-jet veto — VBFH —-WW ; 2-jet exclusive and b-jet veto — VBFH -
10 10° =
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107 Z
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102 IIII|II |IIII|IIII| RA 10
0 1000 2000 3000 4000 5000 6000 7000 8000 900010000 0 0.5 1.5 2 25 3
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e
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events / 10.0 GeV

Selection (con’t)

* One ¢ and one u
* Exactly two jets
* Veto loose b-jets
. 1000 && |An|> 4.5
FCCAnalyses: FCC-hh Simulation (Delphes)
IIII|IlII|IIII|IIII|IIII|IIII
1010E [[]Jgg > H =>WW
= s =100.0 TeV M
10° L = 30 ab” Wz - =
= [ VV leptonics
- VBFH—- WW - llvv
1085_ mjj cut applied — VBFH - WW
107
10°
105%_ Z
104%— A
10° R
10? 3
0 50 100 150 200 250 300
MT [GeV]

events / 250.0 GeV

events / 250.0 GeV

FCCAnalyses: FCC-hh Simulation (Delphes)

]III|IIII|IIII|IIII|IIII|IIIIIIIII|]III|IIII|IIII
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+F Vs =100.0 TeV i t
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0 1000 2000 3000 4000 5000 6000 7000 8000 900010000
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FCCAnalyses: FCC-hh Simulation (Delphes)
—IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
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= Vs=100.0TeV M E
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FCCAnalyses: FCC-hh Simulation (Delphes)

mjj cut applied

- [Jgg -H 3>wWw
= {s = 100.0 TeV I

- L=30ab’ Wz - =

= [ VV leptonic

= VBFH—WW - v TUBEH s aw
E

N
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events/ 10.0 GeV

Selection (con’t)

Me — Mjj My — M
° J] H J]
One ¢ and one u lep cent = n
* Exactly two jets An; An;
* Veto loose b-jets
* m;> 1000 && |An|> 4.5
. .
lepton centrality < 0.4 && where 41,
A(pep < 075 ;7]] 2
Amy; = 1jp = 1y
FCCAnalyses: FCC-hh Simulation (Delphes) FCCAnalyses: FCC-hh Simulation (Delphes)
10102—!IIIIIIIIIIIIIIIlllllllllllll—E % 1010§LIIIIIIIIIIIIIIllllllllllllllllIIIIIIIIIIIIIIIII_IE
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LT __

FCCAnalyses: FCC-hh Simulation (Delphes)
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FCCAnalyses: FCC-hh Simulation (Delphes)

= L l T 17T l T 17T | 1T 17T I T 1T 17T I T 1T l H
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events / 250.0 GeV

Just cutting harder on mj doesn’t look good...

FCCAnalyses: FCC-hh Simulation (Delphes)

101OEI_IIIIIIIIIIIIIIIIllIIIIIIIIIIIIIlllllllllll]llll_lE
- [dgg -»H SWW
10°L Vs =100.0 TeV M ]
= L=30ab" Mz - t 3
(Pl VBFH— WW - Iiw EEIVV leptonic
E m, Anﬂ, Aq‘)em, lep cent — VBFH _)§VW
— 7 —
10" = =
10°g E
10°E e
10 =
- S N
10° Y
- -
oL A
1Oglll IIII|Ill 111 [ 111 I|[_I)"‘:%//_E
0 1000 2000 3000 4000 5000 6000 7000 8000 900010000
m; [GeV]

Might get rid of Z — 77
though (needs more stats)

events

b-partons from top

are reasonably high
pT and central

events

10'°

©

10

108

107

10°
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FCCAnalyses: FCC-hh Simulation (Delphes)

E" TT | T T | T I T | T TT | T T | T TT | T | T | TT

g gy —H 3 ww
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: N 5 ]

EL Egs y 3 ) VAN 2 A ENA || EE

10 8 10

Generator Level b-quark Eta

FCCAnalyses: FCC-hh Simulation (Delphes)

101051_II|III||||||I|||I|III||||||||||II|II|||I|II||II_IE

[dgg »H SwWwW
10°L Vs =100.0 TeV I t ]
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107§ =
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10° 8 E

Y

102 (| I| I Ll |I lIIIlIlIIII|IIII|IIII|IIII|IIIE
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Summary PGI]II
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Selection looks “okay”

* Need to implement Z — 77

* ttbar is a bit high for comfort (need to check b-tag assumptions vs current
LHC state of the art)

Sample Generation

* Working on high stats sample

* Missing VBF WW sample (in progress)
* Will transition to standard vO07 samples

Convergence
* Plan to do a simple fraction fit to assess statistical power
* Are there simple reweighs for experimental systematics!?
* PDF reweights for additional energies?
* No plan for theory systematics
* Backgrounds: control regions would “sufficient’?
* Signal: would require dedicated calculation, but unlikely to be limiting factor
in ~30+ years
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Selection (con’t)

Penn
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* One ¢ and one i

* Exactly two jets

* Veto loose b-jets

m;; > 1000 && |[An|> 4.5

* lepton centrality < 0.4 && APeu < 0.75
* MT cut

FCCAnalyses: FCC-hh Simulation (Delphes) FCCAnalyses: FCC-hh Simulation (Delphes) FCCAnalyses: FCC-hh Simulation (Delphes)
> 1010? T T I T T I T T T | T T T I T T T | T T I—: > 1010§0—III|I|IIIIIII|IIII|IIII|I|II|IIII|I|II|IIII|III—0§ Q EI 17T | T 17T | T T 17T | 1T 17T l T 17T I T 17T | iE
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- 10°= - z E re E - Bz > 1t = 10°E - Bz - 1t =
\ = L -=30ab" BZ > w3 & = L=30ab’ - = L =30ab" -
2 L VBFHoWW = liw S VV leptonic] 2 'L VBFH— WW — iiw [E5 VV leptonic) C VBFH— WW s liw 55 VV leptonic]
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