Electron Yukawa from
s-channel e*e” -~ Higgs at FCC-ee



https://arxiv.org/abs/2107.02686

Generation of lightest fermion masses?

m LHC can only measure 3" (plus a few 2"") generation Yukawas.
m Can we prove mass generation for stable (u,d,e,v) matter in the Universe?
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e Yukawa via s-channel e’e: —» H production

m Higgs decay to e*e" is unobservable: BR(H—e*e) «c m * = 5.2:107
m Resonant Higgs production considered so far only for muon collider:
o(uu—H) ~ 70 pb. Tiny K Yukawa coupling = Tiny o(ee—H):

A%, Br(H — ete™)

o(ete = H)= " o S
(5 — M2)* +T2,M2

= 1.64 fb (m =125 GeV, I' =4.1 MeV)

Energy spread: [S.Jadach, R. Kycia

m Actual resonant cross section

— 5=0 PLB755 (2016) 58]
suppressed by ISR & O - o= ey
beam-enerqgy spread: —~ 5= 15 MeV
gy sp g 0.4 &= 30 MeV
& 6= 100 MeV
— 0.3
1T

~40% reduction due to ISR
QED radiation from e* beams © 02

————————

~40% reduction assuming /0’T
monochromatization ref. point: 05499 124995 155 135005 1B 01
VS, reaa = [y= 4.1 MeV is (GeV)

Ooren sp(€€—H)=0.17X0o(e*e—H)=280 ab
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Higgs signal & backgrounds at FCC-ee(125 GeV)

B Very-rare counting experiment

Higgs decay channel BR cx BR
over 10+ decay channels: (ISR®spread incl.)
H —bb 58.2% 164 ab
ot W Z,Z_), g, -t H — gg 8.2% 23 ab
H->7171 6.3%x60%x60% 6.5 ab
H —cc 2.9% 8 ab
H HoWW = v2j 21.4%x67.6%x32.4%x2 26 ab
______ H->WW — 2(2v 21.4% % 32.4%%32.4% 6.3 ab
H—-WW —4j 21.4% % 67.6%x67.6% 28 ab
. H— 27— 2j2v 2.6%x70.%x20.%x2 2 ab
e~ W, 72,b, g, 7 H—Z7Z — 2025 2.6%x70.%x10.%x 2 1 ab
H—ZZ — 2020 2.6%x20.%x10.%x2 0.3 ab
H— vy 0.23% 0.65 ab
Irreducible background o S/B
eTe” — bb 19 pb | O(10™°)
e W, Z, v ete” — g7 (We,,,..~1%) 61 pb | O(10"°) <
ee”T =TT 10 pb | ©(10~°)
eTe” —ce 22 pb | O10™)
cte” = WW" - /w2;  23fb | O10 %) <
€ Ve ele” 5> WW* 52020 561 | O10 %)
e > WW™ — 4 24 fb | O(10?)
e~ W, Z, g ¢0b 7" ee” = 772" =220 273 ab | O0 )
o W, Z, eteT = ZZF — 20 2j 136 ab | @(1077)
eTeT » ZZF — 202w 39ab | O107)
eTe” =y 79 pb | O(10°°)
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Most significant channel: e*e — H(gg) — |j

Decays of a 125 GeV Standard-Model Higgs boson

charm/anti-charm, 2z V¥ 2 others
:3%2-2"‘6,—0-_2,‘1/“.,0,6%
\ yan

B Final state definition (retains 50% of o(gg) = 24 ab): ==~ [
2 gluon-tagged jets (with 70% effic. each) e
Light-q mistagging rate: ~1%
Challenging, but not impossible:

Dedicated QCD studies needed I A A AR AR
(reco&PID of ALL hadrons in jets). Z 617 peskground oo o g 1

Z 5 -

B BDT MVAresult (removing jetvars. 4 .
potentially already used in g-uds sl E
discrimination): of E
Signal reduction ~50% o 2
BaCkgd redUCtlon X17 0—0. = —0.4 -0.3 . -0.1 0 0.1 0.2 0;

BDT response

B Signal & backgrounds cross sections cut flow:

Process Events Passes + cuts + MVA Taw o Tagrate Pass+Tag + Cut Final o
Hgg 100000 85315 80350 45440 254+ 0 ab 70%2 10ab 97ab 554+0.0ab — -1
bb 199981 140057 12532 1331 814+ 0pb 0.0%2 0 pb 0 pb 0+0phb For glnt_ 10 ab
cc 200000 174120 28282 1984 73+0pb 0.0%2 0 pb 0 pb 0+0pb
qq 200000 186171 36888 2015 237 +0pb 1.0%? 22fh 44 fb 239+ 5 ab S/\/B — 55/\/2500 =~ 1 . 1
Z7 99999 75095 49798 14261 224+ 0 fb 0.0%> 0 pb 0 pb 0+0pb . oo
" tantan 20000 0 0 0 26+0pb  0.0%2 0Opb 0Oph 0+0ph Slgnlflcance ~ 11
WWwW 20000 16959 12783 5413 2140 fb 0.0%2 0 pb 0 pb 04+0pb -

Total bekg: 244 ah, §/+/5 + B = 1.0973, training data 1.1843, from MVA 1.1101
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Electron Yukawa limits in (V's

Z. ) plane

spread’?

® Monochromatization working points (Vs
30

vs. Z . per IPlyear):

spread

e* Yukawa limits. e'e’— H, Vs = 125 GeV

N
o

8\{3:3_ spread (MeV)

[Monochromatization
studies: Valdivia-
Zimmermann]

1 2 34567 10 20 30 100 200
gfnr (ab )

W Best limit per IP/year: y <2.5xy,_,,(95% CL) in (vs,,,=7-10 MeV, &, =2-3 ab™) region.
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Conclusions

] Resonant s-channel Higgs production at FCC-ee (Vs = 125.00 GeV):

W, Z,b, g, 7t

>H< o(e'e—H),,, = 1.64 b
- o(e*e—H) =280ab (ISR+vs__ =T, =4.1MeV)

spread spread

N Prereqwsﬂe Higgs mass extraction 6m , = O(3 MeV) via HZ @ 240,217 GeV
B Generator-level study for signal + backgrounds for 10 decay channels:
Most significant channels: H—- gg (for light-g mistag ~1%), H - WW* - |+jets

= 30
=> e* Yukawa limits. e’e’— H, Vs = 125 GeV . .
2 2fl For 10 ab™* &vs_ =T, Signif ~ 1.30
gol
5 Upper Limits / Precision on K,
%. 10 g
@ 10° Enmmmm
=] E
g 100 | : g
4F =

3 oy <05y
With current monochrorﬁat

Jy <25xy,_, (95% CL)™- =27 :
(per year & per IP) o Lo EF

1 2 3 4567 10 20 30 100 200
L (@b~ )

B Monochromatization improvable beyond (Vs
B Fundamental unique physics accessible:

- Electron Yukawa coupling: Limits X100 (X30) better than HL-LHC (FCC-hh)
- BSM scale affecting e* Yukawa pushed upto A__,, > 110 TeV
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