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Physics motivation

= LHC results: do not concretely point to any BSM scenario/mass scale
= HL-LHC: Direct searches: reach O(5-10) TeV regime

FCC

Higgs-couplings: few%, self-coupling ~50%

= Which precision?

ret  BSM O(1TeV): Impact on H-couplings

Model

bb

c¢ g9 WW 10 ZZ v up
MSSM [40] +48 08 -08 -02 +04 05 401 +03
Type [1 2HD [42] +101 -02 -02 00 498 00 401 +98
Type X 2HD [42 02 02 02 00 +78 00 00 +78
Type Y 2HD [42] +101 02 02 00 02 00 01 -02
Composite Higgs [44] 64 64 64 21 64 21 21 -64
Little Higgs w. T-parity 45| 00 00 -61 -25 00 -25 -15 00
Little Higgs w. T-parity [46] -78 -46 -35 -15 -8 -15 -10 -78
Higgs-Radion [47] 1y -Ld 4100 15 -15 -1h <10 -15
Higgs Singlet 49 35 35 35 35 35 35 35 35
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2 6%
A2 A%(TeV)
e.g. A\=1 (5)TeV—>"~5 (0.1)%

- HL-LHC cannot guarantee
definite answers to the
open questions

- Begs for Higgs factory =2 ete


https://arxiv.org/pdf/1708.08912.pdf

Outline:

e Strategy and tools for Higgs measurements
Higgs couplings to “visible” particles

Higgs couplings to “invisible” particles
Detector requirements
Summary



https://arxiv.org/pdf/1708.08912.pdf

Higgs production at FCC-ee FCC
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Focus at ZH production: 2M Higgs [4IP]
- Clean environment
- Small BKGs [compared to hadron colliders]
loukas Gouskos FCC Week London 2023 4



General strategy Fcc

_9 F FCC-ee Simulation (Delphes)
. @0000 ;_\/E=24o.oaev L=104b"’

Z boson reconstruction: E¥0000 2 qq H i

- explore several decay modes 60000 ;—.ZH(sig)mo

- recoil mass 50000 |- g 20
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(©) General strategy

loukas Gouskos

Z boson reconstruction:
- explore several decay modes
- recoil mass

Higgs boson reconstruction:
- jet clustering
- jet flavor identification

FCC

FCC-ee Simulation (Delphes)

(s =240.0GeV, L=104db"
LLF0000 Z — qq, H — inv.

60000 ;_-ZH(sig) x 100
- | ZH(bkg)

50000 e

40000 - ERww
o V4

0! ’
50 60 70 80 90 100 110 120 130 140 150

Miee = \/(\/ Ez)* —py

BR(H—=>hadrons) ~ 80%

BR(Z—>hadrons) ~ 70%
Optimal reconstruction of

hadronic final states essential

FCC Week London 2023 6



Jet Flavour identification (“tagging”) FCC

= Jet representation: Particle cloud H. Qu and LG
. . PRD 101 056019 (2020)
¢ i.e. unordered set of particles F. Bedeschi, M. Selvaggj, LG

EPJ C 82 646 (2022)

= Network architecture: Graph Neural Networks

¢ Particle cloud represented as a graph
* particles: vertices of graph; interactions b/w particles: edges of graph

= Hierarchical learning approach: local = global structures

Identify b
“neighboring”

partlcles é
‘ @/ \ @ s
© ®\\'
u

particles e bb

0(20) features/particle Future: g

loukas Gouskos FCC Week London 2023 add |_|_P, Sp“t gluon class ... 7


https://arxiv.org/abs/1902.08570
https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1

FCC

.Iet tagging: Performance
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(©)/ H-Couplings to visible particles FCC

= Analysis channels
¢ Z(=2LL)H: clean but smaller signal acceptance
¢ Z(=2vVv)H: good compromise b/ signal acceptance and purity
¢ Z(=>hadrons)H: Largest signal acceptance, but.. jets [work in progress]

= Study all possible Higgs decay modes

¢ Currently: bb, cc, ss, gg, 1t
® work on going: uu, dd, + off diagonal terms

loukas Gouskos FCC Week London 2023 9



Z(%LL)H channel FcC

= Baseline: N,=2, N=2 = Event-level discrimination with NN:
¢ my; (mj) consistent with m;(my) ¢ Inputs:
o dy,3>2,d3>1.5 ® ParticleNet-ee scores / jet
FCC-ee Simulation (Delphes) ® BEvent-level: d23, d34, p My
2 LN L LA LR LARN LALE RN RARE RN RARE
G | (5=240Gev L=5ab" — lIH(ss) ] 1
&. 5000'.—;—5865319.(2205105/12)003/355494/10$§) :::ECE)) n ‘ MU|tIC|aSS OUtpUt
% - '?”7? . —IH(D)
E o ;{:;. ;. , 1:0:»3:1, n: :“, m . E. .. lep. veto IIH(?ther) -
& 4000 =§IZY E Hbb (ORI:EM 0.0016 0.015 2e-05 0.0045
C - ww ]
3000 ]
C 4 Hcc 0.00lQﬂ 0.012 0.0054 0.043
2000:— —: g
i ] 2 FEER 0.018 0.021 H 0.055 0.089
1000 B 2

R 0.00027 0.0063 0.076 pueR:it:W 0.033

920 122 124 126 128 130 132 134 136 138 140

. ' o (621 TN 0.027 0.053 0.098 0.034 BN
= Main [non-Higgs] BKGs: ZZ
) ) Hbb Hcc Hgg Hss Hnonhad
+ Key: disentangle Higgs decay modes Predicted label

loukas Gouskos FCC Week London 2023 10



() Z(>LL)H channel (1) FCC

= Fit m,.. simultaneously in all categories

160

140

Events /(0.25)

120

100

[lllllllllllllllllllllllll

Z(2>LL)H(=>cc) category _
e Systematics: 5% on BKG
....... zZ _ .
....... lIH(bb) - uncorrelated b/w categories
lIH(cc) . .
....... o) * Free-floating signal strength
------- lIH(other)
SIG:
Double-side Crystal Ball
[same params/category] Results @10 ab1
. 17 1111 1111 Wy
¢ AR L TP IIHIHL%..,I.IJIJII}IL{iill..i-gilildléll%ﬁ 2PLH(>qa) b
W CATTINE OPRPTS TPVPUPU BT, WAl bt GF ST ares L TOT] CIETEY
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9?0 122

124 126 128 130 132 134 136 138 140

M (GV] 51/ (%) 06 | 35 | 290 | 15

BKG:

15t order polynomial
FCC Week London 2023 11



Z(%vv)H channel FCC

= Similar strategy: but larger and more complex BKGs

Event categorization SIG-vs-BKG discrimination
- Sum ParticleNet scores of 2 jets - Different SIG and BKGs shapes in M. & m;;
* e.g.scores: byb,, €1Cy, 5155, ... - Bump huntin 2D
- Largest >: Characterize event e simultaneous fit in all categories
* Subcategories based on S/B
mrec mjj
% 1015 "|‘"|"'|‘_"|"'|"'\"“'\”'\H'\”'|‘"l‘" > 15TI\|TIII1!II1!I|1!lll!l[lY\[IT\[IT\[ITI'!TI'!TI
6 B IDEA, e*e” — Z(vv)H(jj) & 10 IDEA, e*e” — Z(vv)H(j)
& 10 Vs =240.0GeV, L=5ab "’ & 10“E V5=2400GeV, L=5ab "’
z — Hss . ww T 10%F  —Hss . ww
£ — Hbb I zz £ 10% — Hbb I zz
L%’ Hee Iz 2 10" Hee Iz
— Hgg B HWW gt — Hgg B HWwW
Hre Il Hzz 10° Hre B HZzz
P, <20 GeV; [cos(6,,)/<0.85 Il qqH 108E- P, <20 GeV; [cos(6,,)/<0.85 I qoH
107
10°

20 40 60 80 100 120 140 160 180 200 220 240
Predicted M. (GeV) M, (GeV)
loukas Gouskos FCC Week London 2023 12
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() Z(>vv)H channel (1)

FCC

= Similar strategy: but larger and more complex BKGs

Event categorization

- Sum ParticleNet scores of 2 jets

e e.g.scores: biby, €10y, 515, ...

- Largest >: Characterize event
* Subcategories based on S/B

022 026 024 01 092 0

032 017

019 0049 [ 04 0

g b ¢ s g tau ZZWW ZHWWHZZqqH
Predicted

loukas Gouskos

Results @10 ab!

Systematics:
-5(0.1)% BKG (SIG)
* uncorrelated b/w processes
BKG: constrained to O(1)%
- Limited MC statistics

Z(2vv)H(=qq) bb

S/ (%) 03 | 21 | 100 | 0.8

* I BRH—)ss|<1'3

2x better compared to the 2L channel
All-had channel: effort started



Impact of detector performance Fec

= Neutral Hadron energy resolution og  30% _ 5%
= ® ® 1%

o relevant for all H decays modes E JE E
* |mpact parameter resolution (dO, dz)

s relevant for H=2>bb, H>cc d, resolution
= dN/dX resolution: g [Trackanglo 90 deg

o T —— IDEA
«+ relevant for H=2>ss M |—ocw

= Timing resolution (nominal = 30 ps)
¢ relevant for H=>ss

NB: Impact pessimistic i
—> no retraining of jet identification S SR SRS
algorithm performed

p (GeV)

loukas Gouskos FCC Week London 2023 DetaiIS: M. Selvaggl @( 14


https://indico.cern.ch/event/1202105/timetable/?view=standard

(©)/Impact of detector performance (I1) Fec

Neutral Hadron resolution PID
Dual Readout ATLAS CMS
30% / VE 50% / \E 100% / VE

l l ! T
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Neutral Hadron energy resolution scale factor

Hadronic resolution critical

Powerful PID essential for H-strange coupling
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https://indico.cern.ch/event/1202105/timetable/?view=standard

{2/ H-Coupling to invisible particles
= Portal to Dark Matter (DM)

+ DM only via Higgs decays (?) K
¢ SM: BR(H=>ZZ">vvw) ~0.1% /
=

® Goal: reach neutrino floor with FCC-ee

loukas Gouskos FCC Week London 2023
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{2/ H-Coupling to invisible particles Fec
= Portal to Dark Matter (DM) SM an
+ DM only via Higgs decays (?) K - ' 3
¢ SM: BR(H=>ZZ">vvwv) ~0.1% / - 3;',42

[4 N

® Goal: reach neutrino floor with FCC-ee H h{”‘" d
v
= Analysis strategy: Categorize based on Z decays modes
Missing momentum Z boson part Signal extraction
‘@70000 = FCC-ee Simulation (Delphes) ) 5103 FCC-ee Simulation (Delphes) 2] [ FCC-ee Simulation (Delphes]
3 (s’ 2400 GeV, L=10ab" Mzisig 1w | & 250 (522400 GeV, L=10ab" GO0 5 a0 cer, L=10dy"
S s ZH(bkg) S I ’ > [
L0000 tZ ~>qq H — inv. Bz L [ Z - qq H - inv. LLI70000 FZ —qq,H ~ inv.
: | . i
50000 :_ " ;’W 200 :—-ZH(sig) x 100 60000 E_-ZH(sig) x 100
40000 | 50 __.::(bkg) 50000 ;_.::(bkg)
o [ 40000 |- Eww
30000 | | i Elz
100 | 30000 |
o0 : 20000 £
10000 F | ° ! 0t 10000
0 : ______________________________________________

0 0
0 10 20 30 40 50 60 70 80 50 60 70 80 90 100 110 120 130 50 60 70 80 90 100 110 120 130 140 150
Miss
PTI [GGV] Iv'vis [GeV] mlss [GeV]

Simultaneous fit in all analysis categories

loukas Gouskos 17



(©)/ H-Coupling to invisible particles (I1) FCC

SM H— inv. BF

loukas Gouskos

-0.002
-0.004

SM H=>inv reach

L [ | | I I l

0.01—¢*e'— ZH FCC-ee Simulation (Delphes) =

- {s=240 GeV, L=10 ab™ I B

0.008" M BF Hos invis. =0.106% I
0.006/—+0.141% +0.124% +0.042% +0.133% +0.110% ::o.ossefij

0.004 : =

0.002— [ =

- ¢ + : LI

0 C T ) ' i | H

- I E

C | ]

3 L

| ]

ee uu aq ce bb All

FCC-ee: Measure SM BR(H—=2>inv)
w/~35% uncertainty

[Driven by hadronic channels]

LHC: Upper limit BR(H=2inv) ~10-15%

reu vweek London 2023

Impact of detector perf.

5% poorer Had. resolution:
~80% increase in H=2>inv unc.

5% poorer Lept. resolution:
~% effect in sensitivity

18



(©)/ H-Coupling to invisible particles (1)
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0.002

50 discovery potential

FCC

Upper limit on BR(H=>DM)

C T T T T ] E‘ 0.012 C T T T T ]
—V5=240 GeV, L=10 ab 7 5 - o .
- oo ZH FCC-ce Simulation (Delphes) ] 3 001°FF” o FOC-ee Simulation (Delphes)
- - (@) - -
- . 0]
C071%  0.625% 0.218% 0.663% 0.556% 0.178%]] S .0081_'5=240 GeV, L=10 ab’ _‘
- - Q ' | .
N | ] 6’ - | -
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- || ] 5 0.004F -
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| | | ul - B
% 0 | | | | ]
ee m qq cc bb All ee m qq cc bb All

loukas Gouskos

Discover: BR(H=>DM)~0.18%
Exclude: BR(H>DM) ~0.07%



Summary FCC

* Unique situation: no clear direction of where to look for New Physics
¢ but strong reasons to believe exists

= Major priority: Exhaustively study the Higgs boson

¢ Full analysis: H>fermions/gluons/invisible at the ZH threshold
® Understanding detector requirements
® State-of-the-art jet flavor tagging algorithm developed and implemented in FCCSW
o use-case: beyond Higgs couplings

= O(10) improvement wrt HL-LHC:
¢ e.g. H> fermions/gluons: O(1%) or better; H>7Z-2>4v with 35% unc

= Still, lot’s of room for ingenuity in several fronts

¢ e.g. establish H-strange and H-electron couplings,

exploration of additional channels, detector design, ..
loukas Gouskos FCC Week London 2023 20



(©)/ Additional material

loukas Gouskos FCC Week London 2023

FCC
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Physics motivation =

s =14 TeV, 3000 b’ per experiment

Total ATLAS and CMS

— Statistical HL-LHC Projection

—— Experimental
N Theory Uncertainty [%]
Tot Stat Exp Th
L =—8 1.8 08 1.0 1.3
Kw B=— 1.7 08 07 1.3
KZ — 15 07 06 1.2
HL-LHC Kg =__ 25 09 08 2.1
Kt B= 34 09 11 3.1
L — 37 13 13 32
i 19 09 08 15
W = 43 38 10 17
KZy —_— 98 72 1.7 64
0 0.02 004 0.06 008 01 012 0.14

Expected uncertainty

loukas Gouskos 22



In a nutshell

= e+e-: Different strategies

¢ different luminosity
and Egy scenarios
¢ FCC-ee/CEPC:

® StudyZ, W, Hand top
with unprecedented
precision

o e.g.10?Z, IMH

¢ CLIC/ILC:
® Rich Higgs program
® Direct access to HH

Luminosity [10** cm2s]

N
o
N

RN
o

= Ultimate goal: O(100 TeV) pp collider
¢ FCC-hh/SppC: use same tunnel constructed for FCC-ee/CepC

Today: Discuss results from FCC-ee

loukas Gouskos

T ] T T L ]
- Z(91.2GeV) : 4.6 x 10°° cm?s™! *  FCC-ee (Baseline,2IPs) ]
I~ ILC (Baseline) ]
B CLIC (Baseline) ]
T R PP P PP PP PP TP PP PEPPE Yoo CEPC- (Base“ne’. 2 lPs) ....... —
- W'W (161 GeV): 5.6 x 10°° cm2s™! 3
- HZ (240 GeV): 1.7 x 10*° cm'2s"! .
- tt (350 GeV): 3.8 x 10** cm%s™! -
- (365 GeV): 3.1 x 10> chv?s™ -
HZ (250 GeV): 1.35 x 10* cmr2s™! l
=TT 0.82 x10% emzet | T =
- ] 1 L I
10? 10°
Vs [GeV]
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Particle ID: Cluster counting (dN/dx) FCC

= Count number of primary ionization IDEA detector:
clusters along track path

: E
= Avoids large Landau flukes 5 2400 —x
£ 90% He / 10 % Isobutane

= Requires high granularity

* module added in Delphes

module ClusterCounting ClusterCounting {

add InputArray TrackSmearing/tracks
set OutputArray tracks

set Bz $B

## check that these are consistent with DCHCANI/DCHNANO parameters in TrackCovariance module
in $DCHRMIN

ax $DCHRMAX
min $DCHZMIN

ax SOCHZHAX 20 25 30 35 40 45 50
Momentum [GeV/c?]

ot et
NN D D
3 5 5

set GasOption @

}

loukas Gouskos FCC Week London 2023 24



(©)/ Particle ID: TOF

213000: | FCC
» Good K/mt separation at low-momenta: 5 | -
é11000;

L L p2 + m2 100002 ‘
tﬂight =tp—tlyv=— = -
,(3 P 9000}

8000

= Assumption on vertex time :
[crucial for highly displaced K]

Momentum [GeV/c?]

set VertexInputArray TruthVertexFinder/vertices

P22 BrSrS 200 BrSrS s SIS rD a0 SR IS eSSBS rS LS PeB SIS s PRI rD sDe SrBrS S 2d D FroT | T | o I T | T | T | T | T | T | TrT
# Time Of Flight Measurement < p=1GeV T
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ O 5 "'K
**************************************** : o, (MIP) = 30 ps P
o, (calo)= 100 ps —K
module TimeOfFlight TimeOfFlight { 0.4 _nL
set TrackInputArray TimeSmearing/tracks

rv 03

N

set OutputArray tracks

IIIIIIIIIITIITlIIIIIIIIIIIII
IIIIIIIII|\II\|IIIIIIIII|IIII

02
# 0: assume vertex time tV from MC Truth (ideal case) N '
# 1: assume vertex time tV = 0 .-
L ) _ ) 0.1 =% i tH
# 2: calculate vertex time as vertex TOF, assuming tPV=0 HH EH i
) : ; m.—:-.-ﬁ il
SRE WertexTincnode 2 % 0204 06 08 1 12 14 16 18 2
! Mo [GEV]

loukas Gouskos FCC Week London 2023 25



(©)/ ParticlelD: Combined

FCC
§ il
0
g“ w time of flight
g . dN/dx
. .
@ 12 » = » combined
Py
)
10 "
|
.
A
..--.
&
-
.
.
*
.
-----------------“----
+
4
-
.,
Alll 4 A A4 A A A A LL - L L} 'llu
1 10 102

Momentum [GeV/c?)

‘ 30 K/m separation for tracks w/ p<30 GeV

FCC Week London 2023

loukas Gouskos
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Robustness FeC

= ParticleNet-ee: trained with Pythia8 samples
+ tested on Pythia 8 [solid lines]
s tested on WZ-Pythia 6 [dashed lines]

b-tagging gluon -tagging
10° r vv-ce Simulation (IDEA) 10° ion (IDEA)
= b vs g (Pythia8) = g vs/q (Pythia8)
=== b vs q (Pythia8) == g vs s (Pythia8)
m— b vs ¢ (Pythia8) w7 ysC (Pythia8)
z = == b vs g (WZ-Pythia6) 2z : = g vs b (Pythia8)
= 107" == bvs q (WZ-Pythiab) Z 1071 == gvsa(WZPythiat)
“ .
< == == b vsc (WZ-Pythiab6) = = == g vss(WZ-Pythia6) _Z
& & - y
:9: :E‘ — .
= =2
g 102 g 10-2
2 2
IO_3 T T T T T T 10_3 @, T T LS T
0.3 04 0.5 0.6 0.7 0.8 0.9 1.0 0.0 0.2 04 0.6 0.8 1.0
jet tagging efficiency jet tagging efficiency

Modest dependence

Loukas Gouskos [still many tricks in the bag to reduce the dependence] 27



(©) Pushing the limits further |

= Move to a fully connected graph: Particle transformer H.Qu, C. Li, 5. Qian

ICML 2022
For FCCee: D. Garcia

c-tagging strange-tagging

10° FCC-ee simulation (IDEA) 10° FCC-ee simulation (IDEA)
= ¢ vs g (WZ-Pythia (PNet)) — 5 vs g (WZ-Pythia (PNet))
¢ vs q (WZ-Pythia (PNet)) = 5 vs q (WZ-Pythia (PNet))
¢ vs b (WZ-Pythia (PNet)) m— 5 VS ¢ (WZ-Pythia (PNet))
= == ¢ vs g (WZ-Pythia6 (PT)) = = 5 vs b (WZ-Pythia (PNet))
= 107" == ¢ vs q (WZ-Pythia6 (PT)) Z 1079 == §vs g (WZ-Pythiat (PT)
a8 i ®
? = = ¢ vs b (WZ-Pythia6 (PT)) ? s
=" . ——
o < .
2 2
E 1072 5 E 1072 5
2 =2
103 1 . T T . T 1073 . .
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0.0 0.4 0.6
jet tagging efficiency jet tagging efficiency

Improvement: up to 2x in BKG rejection

loukas Gouskos

FCC
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https://arxiv.org/pdf/2202.03772.pdf

Impact of detector configurations

jet misid. probability
o

102 “ : : E
- — dNx 3
C —— dN/dx + to.f (6,230 ps) ]
“— dN/dx + to.f (5,=3 ps)

N A L iocidealPD
107 0.2 0.4~ 06 0.8 1
Ideal from jet tagging efficiency

Strange tagging [PID]

FCC-ee Simulation (IDEA)

T T T TTT I\l
§
>

T T
ete = ZH,H—jj ;

| I

j=u,d,s,c,b,g

| Ll 111l

MC

= dN/dx brings most of the gain
additional gain w/ TOF (30ps)

loukas Gouskos

¢ TOF (3ps): marginal improvement
o dN/dX + TOF(30ps) ~ perfect PID

jet misid. probability

c-tagging [PIX layers]

FCC-ee Simulation (IDEA)

I

ee = ZH, H=jj ¢ tagging

T T T TTTIIT

j=u,d,s,c,b,g

2
X

c vsig (3 inner Iayeris)
------ cvsg (4 inner layers)
cvsiud (3 inner layers)

= cvsb (3 inner layers)
Foommeee cvsb (4 inner layers)

—
<
N

O
OOl

1 IIIIIH]

10‘3'"i

0 0.2 0.4 0.6 0.8

Additional pixel layer:
¢ 2x improved BKG rejection
in c-tagging
¢ marginal/no improvement
in b-tagging

B
jet tagging efficiency

FCC



Improving robustness FCC

» Current development relies solely on MC

¢ Full control of class definition, lot’s of [MC] data [¥2M jets/ jet flavor]
® but: MC |= Data; potentially lead to large uncertainties
® NB: it's also not Full SIM ..

= Another route: Use data
+ [Obvious] advantage: much smaller syst unc.

= How: Tag-and-probe @ Z pole
¢ First: Tag one of the two jets with high purity
® e.g. by using a pretrained MC-based ¢'~-

. _ FCC-ee @ Zpole
o Then: create a training sample using t...

2 jet (probe). |[RAELUEIE ~70% 0.7x105 M
- uu/cc ~12%/flavor | 8.4x10% M/ flavor
- dd/ss/bb | ~15%/flavor | 1.1x10°> M/ flavor

loukas Gouskos



Improving robustness (11) FCC

= Take into account tagging performance [& mistag rates]

¢ NB: Each class does not have to be 100% pure on specific jet flavor or have the
same population

Best case: b-tagging “Worst” case: s-tagging

WP Eff Mistag Mistag | Mistag | Mistag
(s) (8) (ud) () (b)

Eff Mistag Mistag | Mistag

WP ) @ wd) | ()

Medium | 80% <0.1% 0.3%

ao%__10% 1%
20% 6% | 0.4%

Much larger training sample

- than what used for the
* Back-of-the-envelope: Training sample @ Zpole MC-based training sample

¢ bottom jets: ~1x10° M, strange jets: ~8.8x10* M
* all other jet flavors in between

loukas Gouskos



(“)) Gluon tagging using data?

» Challenging... topic of discussion and brainstorming
¢ For instance:

b-tagging:
~90% eff.

- 31 jet is a gluon:
0O(1-10%) depending on
momentum, angle

- Still more than enough for
developing the gluon-
category

b-tagging:
~90% eff.

To be tested

loukas Gouskos
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Pushing the limits further FCC

based on:
H. Qu, C. Li, S. Qian

A ICML 2022

ParticleNet-EE ParticleTransformer

o I<o 0\\%‘

Use the k-nearest particles - Fully connected graph
[k=8 for ParticleNet-EE] - Include per-particle-pair properties

more directly
|l oukas Gouskos


https://arxiv.org/pdf/2202.03772.pdf
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jet misid. probability
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() Unique at FCC-ee: H->ee

= Extremely challenging: BR(H>ee) ~107

= FCC-ee: Resonant Higgs production
o tiny signal (1.64 fb) vs. huge BKGs
¢ but: huge luminosity: 20 ab!/year/IP = 30K Higg

= Key points:
¢ Beam spread (*MeV) = monochromatization
¢ Precise my = from ZH run

30

E Significance. e'e - H, Vs = 125 GeV 4
= 20
= 10°
©
o
Q.
wé 10 2
|4 10
wS 6
5
4 10
3
2 1
1 107"

1 2 3 4567 10 20 30 100 _%00
ZLim (@b7)

|l oukas Gouskos FCC Week London 2023

FCC
g WZ. °
s> <
g,WZ ..
- 1 year, 2 IPS: 20
- 3 years, 4 IPS: k, @15%
C v plEEEEEE
L ' EEEE
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Putting pieces together FCC

pre-selected events
sisumofthe «——— S(b) > max S(f)
two jet scores fe s o q / j \

Hbb-like Hcc-like Hss-like Hgg-like Hqq-like

n
considered

S(b) < a,
Med purity (MP) High purity (HP)

, S(b) > B,
a, < S(b) < B,

recoil
m
recoil recoil

r 4

LP ... X4

MP HP

|l oukas Gouskos 36
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(©)/ H-Coupling to invisible particles (1) FCC

» Impact of detector performance

Hadronic resolution Leptonic resolution
5 310 s 5 310 o
'9 45 — SM BF H— invis. =1.06 x 10’ ® FCC-ee Simulation (Delphes)_9 $ 9_ 45 = SM BF H— invis. =1 06 x 10° FCC-ee Simulation (Delphes)__9 $
X - e*e— ZH = e X, £ e'e— ZH 2 - ‘c
n 40E" {s=240 GeV, L=5 ab” =8 2 m 40E {s=240 GeV, L=5 ab™ s £
s 35F 47 3 s S5F ,x =47 §
c - = e £ E 7 e - o
JT: 30 = JT: 30“¢% =L
= 252_ Z—>qq a(m)[_(:?'_‘?\_’] """"" —ES z 252_ 7 > ee o(m)[GeV] I _35
%) - e Z— ee = 1) e =
c 20 = E 4 c 20 = E 4
§ 15 E— Z— qq —; 3 § 15 E— _E 3
v i/////f:——// =2 o 10E Z-qq =G
5F Z— ee, uu, qq, cc, bb —1 = —1
E ! L L qu L 3 g | ! ]z_) ee, i, 9, Cc, bb 1 3
% 1 2 3 4 5 ° o 1 2 3 2 5 °
Additional smearing to hadronic energy [%] Additional smearing to leptonic energy [%]

Powerful hadronic resolution is essential
-5% poorer HAD resolution: ~80% larger unc. in H=2>inv
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