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ICERIK

FCC-ee ve Olaylar

Higgs Bozonu Tek Uretim Siirecleri

* Tesir kesiti, kiitle, genislik

* Geri-tepme kutlesi, degismez kiitle
* Toplam bozunma genisligi

* Baglasim sabatler1

* Acisal dagilimlar

Uclii Higgs Baglasimlari

Sonuclar ve Yorum
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FCC-EE VE OLAYLAR
Yakin gelecek
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0 | | |
10 11 12 13 14 15 16

Working point Z, years 1-2 Z, later WW, years 1-2 WW, later ZH tt
Vs (GeV) 88, 91, 94 157, 163 240 340-350 365
Lumi/IP (10** em™2s71) 70 140 10 20 5.0 0.75 1.20
Lumi/year (ab™1) 34 68 4.8 9.6 2.4 0.36 0.58
Run time (year) 2 2 2 — 3 4

1.45 x 10° ZH 1.9 x 106 tt
Number of events 6 x 1012 Z 2.4 x 10 WW + +330k ZH

45k WW — H +80kWW — H




H URETIM SURECLERI

* Higgs bozonu tek tiretimi (Ecm =240 GeV / 365 GeV)
° I—Z, Z_>1‘|‘1- (1ept0nlk I’GCOﬂ) Ornek: sanal Z* katkisi

ete-> Hv,v,

Hv,v,, HZ* (sanal Z* katkis1)
He*e  , HZ* T
Hbb, Hce, Hj; (hadronik recoil)
» H, (H*/f, H*VV (V:Z,WE,y,9)
* Higgs bozonu c¢ift tretimi (Ecm = 365 GeV)
« HH
e Uclii Higgs baglasimlari
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TESIR KESITI, KUTLE, GENISLIK

Geri tepme kiitlesini kullanarak, m* ., = s+ m % - 2F ”\/TS

®* (Cok hassas my Olcimii 7> I+ 1 5000 FCC-€@ Smuaton ____ Vs = 240 GeV, 10 ab
~ — . 2 Co ZuwoH | ]
* Modelden bagimsiz o(e'e” — ZH) belirleme <., —
* Tesir kesiti o(ete” — ZH) ool ||| et Ao | ]
g :
o(ZH) x B(H - XX) «x g%, X I{M
H
0(ZH)?
[y «
o(ZH,H - 77)
L 20 122 124 126 128 130 132 134 136 138 140
Olc;um megy O'(Z H) I H Myee (GEV)
hassasiyet 4 MeV | 0.6% 1% * Modelden bagimsiz toplam /7,

* Diger gyyvy 1 belirleme
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Z -> l+l-


GERI TEPME KUTLESI, DEGISMEZ KUTLE

FCC-ee
Ecm=240 GeV

Proses:

Sinyal sample
ete->/ZH
Ardalan samples
ete-> /272
ete-> WW

S+B fit CB fonk.
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HIGGS HADRONIK BOZUNUMLARI

Higgs ozelliklerinin dnemli bir yonii (hadronik, tiim H bozunmalarinin %80')

Higgs decay H—bb H—WW/ZZ H—gg H—cc H—oss (H—TT) Maloizel et al.
% 4 T T T | T T T T | T T T T | T T T T | T T T 1
BR 57.7% 1% 8.6% 29%  0.024% (6.2%) S 1:309 - =§QQV Eﬁzww
= e WHZZ MWaqqH
- ? sF L=108ab -
only one Observable at FCC-ee £ oF L S —Heb —Hoc
observed to ® 10

this day
Bir¢cok son durum

s (Z— L1, vw,j) &H — bb,cc,ss, gg)

Jetler hakkinda miikemmel bir anlayis gerektirir
Hadronizasyonun dogasi, QCD modellemesi R
Jet kiimeleme ve ¢esni (flavor) etiketleme Ayrica, H — uu, dd deki ve H — bs,
algoritmalari bd, sd, cu FCNC'deki uist sinirlar
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ACISAL DAGILIMLAR

arX1v:1309.4819

0.06-
L P A
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L + \y
I 0.04f;
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cosh, cosf, ®

AH = VV,) =v~ (a{lvvmf,e*eg + a; va;,(,l)f*(2)’”" + afvvf;,(,l)f*@)’“”)

FCP odd
HX — H->X HVV _
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ACISAL DAGILIMLAR
. Discussed in ECFA meeting 2023
Signal: ete— — ZH — ll bb. arX1v:2205.07715 https:/ /indico.cern.ch/event/1355212/

e+e— — ZZ — i bb, e
. (GeV) L ( ) CP
N ~ 1/10th of signal By e s ZEWET =
reco,Background . . Vs=250Gev,z=2500"" /1 |95() 250 +3.4-10
b : “", ,":’ . — 5
Z mass, angles input to combine, ~ o % /4 (250 2,5 43.9-1075
=
y : , . Lo
f cpVV returned at 68% CL. O T 350 7350 +1.2-10
S ‘ r
: . " 3,500 2910
4+ different samples (SM Signal, | ’ [
o 500 +4.3-107°
. I .
BSM Signal, Background, SM/BSM 2 -
7 \B%C 5,000 |41.3-10
F <
Interference) used to produce fits. ] 1000 1000 |+1.0-10°8
—09002 -0.001 0 0.001 0.002 6
"HZ7 . i
FCCAnalyses: FCC-ee Simulation (Delphes) FCCAnalyses: FCC-ee Simulation (Delphes) CP 1’000 107000 :tg() 10
.g 1‘6,_ ! I . L L L LR [—7 257I | I b=t B 2z ]
&, V5=2400Gev —ZH o - V5 =240.0 GeV Eww Sample Wame Processes i o e B
"t L=72ab’ — ZH_0- 1 [ L=72ab" . Zry ete™ —> ptu—H WHIZARD -+ PYTHIA6 1,200,000 0.0067643
yiolt: e'e 5 ZH - u'u +X E 0~ e’ »ZH - p'u+ X Eg:r% ] ete” s ete H WHIZARD + PYTHIA6 1,200,000 0.0071611
A - 7 [ —zHo ] ete— = ZZ PYTHIAS 56,162,093 1.35899
P« 5 [ ] ete — WW PYTHIAS 373,375,386 16.4385
: , 15? R wii:iljj::..l.)rocesses ete™ — ptpu— WHIZARD -+ PYTHIA6 53,400,000 5.288
0.8 — B ] ete —» ete™ WHIZARD -+ PYTHIAG6 85,400,000 8.305
:' ] i ] ete —» +Ft+— WHIZARD -+ PYTHIAG6 52,400,000 4.668
06? 10; E WHIZARD -+ PYTHIAG6 (:,0(_)0,000 0.10368
o ; ] wmmim teromie  besogsy  oaoams
L s b WHIZARD -+ PYTHIA6 6,000,000 0.05198
02; : : WHIZARD -+ PYTHIAG6 33,900,000 1.5523
5 F 8 WHIZARD + PYTHIA6 22,500,000 0.873
N I T A I oL ’ - WHIZARD + PYTHIAE 33,700,000 0.836
! R 0 o3 cos(1(-),) K R 4 o cos(19,) WHIZARD + PYTHIA6 2,000,000 0.033274 9




ZH Higgsstrahlung

FCC-EE’ DE HIGGS SELF-BAGLASIMI ol st

e

¢ “h

VBF processes
Both CC/NC diagrams
v,

Involved in single-higgs processes at NLO

FiNLO = Zuoiro (L4 sxlig)
Universal wave function ‘/ ; S
renormalization LO cross-section Process & energy Giuseppe Degrassi et al., 2016
- Can be probed exclusively dgf’:’g“l'g:;f’t‘;:g'

* Combined fit of all decay modes s “.):‘ R b7 "

ORE P il 2 =8 s =

« Or (partially) inclusively ooisk § ¢ ete~ = hete~

Use both 240 and 365 GeV to lift degeneracy k. & & ete~ — hil ]

G 00 i\ @ -

Decay Modes 0.005 _ : : i

Cliel |7 |22 |WW | fF | g9 L P PN X0l ;

on-shell H | 0.49 | 0.83 | 0.73 [0 |0.66 |x10%(-2) 0 : e ———

i E 'S il l 1 A1 1 1 l L ]
O = 3 BROM(j)CT(j) ~23x10 200 o % 500 1000 3000
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HIGGS BOZONU CIFT URETIMI

> Double-Higgs production, either in e*e — Zhh or e*e - vwhh
Figure from [De Blas et al. 1812.02093]

> Relies however on being above the Zhh threshold! G, edengy | '
W W -fusion onl

T
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L L Alll
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10_3 | 1 | 1 1 1 | |
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Vs [GeV]
> e*e - Zhh better at Vs~500 GeV

> e*e" - whh better for larger Vs

Figure from [De Blas et al. 1905.03764]



UCLU HIGGS BOZONU BAGLASIMI

P(e, e*)=(-0.8, 0.3), M -1 25 GeV

> Below the Zhh threshold, A . can still be investigated 400

' “"hhh
through its (indirect) effect in quantum corrections to

single-Higgs production

=)
. . . =300
> In particular, A, enters NLO corrections to e'e'~Zh  _
First pointed out in [McCullough ‘13], numerous works [,
since (also with global analyses in EFT setting) O
0200
n
7 w0
2,
2100
O

Figure adapted from [McCullough 1312.3322]
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— SM all ffth

—Zh
— WW fusion =
ZZ fusion ]

0 O B ;
“h 200 250 300 350 400 450 500
\'s (GeV)

Figure from [Fujii et al. 1710.07621]
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[De Blas et al., 1905.03764]

Figure from

HL-LHC

HE-LHC

FCC-ee/eh/hh

FCC-ee

ILC

CEPC |

CLIC

see also [Cepeda et al.,

o

UCLU HIGGS BOZONU BAGLASIMI

Expected sensitivities in literature, assuming A

= (A

hhh)

Higgs@FC WG September 2019
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> HL-LHC limits will likely outperform
2019 prospects (even with global
analyses)

> Single-Higgs results at lepton colliders
always include information from HL-
LHC, and don’t improve much (if at all)

> Significant improvements only with
double-Higgs production at (high-
energy) lepton colliders or FCC-hh

l |CLIC

single-Higgs
exclusive

[emig, M '| \l single-Higgs global I
All future colliders combined with HL-LHC

1901.05897], [Chang et al. 1804.07130,1908.00753], efc.

1902.00134], [Di Vita et al.1711.03978], [Fuijii et al. 1506.05992, 1710.07621, 1908.11299], [Roloff et al.,
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SONUC VE YORUM

Higgs bozonu arastirmalari 1¢in simulasyon ve analiz zinciri, tek Higgs
uretim surec¢lerinden yliksek mertebeden diizeltmelere kadar oOlgiimler
icin olusturulmustur (FCCSW).

ZH tretim siireci, farklt bozunum kanallar1 i1le FCC-ee’ de hassas
Ol¢timler 1¢in Oneml: bir yer tutar.

Uclii Higgs baglasimlari, Higgs potansiyelinin seklini anlamak ve yeni
fiz1gin dolayl1 1saretlerini arastirmak 1¢in dnemli bir rol oynar.
‘FCCAnalysis’ c¢ercevesinde merkezi olarak Ttretilen oOrnekler

kullanilarak analizler ilerletilebilir (se¢cim 1yilestirilebilir, sistematikler
eklenebilir, ML kullanilabilir, vb.).
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