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Introduction

« The Higgs decays invisibly in SM
is via four neutrinos,
with BR~ 1x10-3.

« May new physics beyond SM ~
suggests enhancement of invisible decay
e.g.. Higgs-portal models of dark matter (DM)

Interactions

« LHC searched invisible Higgs decay through VH

and VBF (V for W or 2)
ATLAS ~ UL 23%, CMS ~ UL 24% for BR(H—inv)




Higgs invisible on CEPC

« CEPC work at 240-250 GeV
« Higgs boson production: ZH (dominant), WW fusion, ZZ fusion
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« Well known initial states (beam energy and polarization ) at e*e- collider
« In ZH, the leptonic decay of Z boson can be well reconstructed

. 2 : ¢ : 2
« Recoil mass: Npwcoil = (Vs — Ef)’ —pip=s—2E;p/s +mi;

« Higgs mass and ZH production cross section can be measured model-independently




CEPC conceptual detector

 Followed design of ILD

« Modifications:
« Return Yoke: reduced by 1m (not push-pull operation)
* |* reduced to 1.5m (3.5m for ILD)

» 7240mm Expected performance

Yoke/Muon

> 4400mm Parameter £(%)

Coil Charged reconstruction (E >10 GeV) | 99.5
L5 3380mm Muon identification(E > 10 GeV) 98.5
<— HCal
Electron identification(E > 10 GeV) 99.5
<«— ECal :
> 1810mm Photon tagging(E > 1 GeV) 98
<«— TPC Jet energy resolution 3~4
329mm b-tagging 90
< -t . 60
! Yoke/Muon HCal QDO  LumiCal IP  Vertex c-tagging

6983mm 4143mm  2350mm



Monte Carlo Simulation

« CEPC_v1 (250GeV, 3.5T)

» Generator: Whizard 1.95
(with ISR, Lumi 5ab-1,
M,,=125GeV)

« Simulation:
Geant4 and Mokka

with ISR and
bremsstrahlung effects

« Reconstruction:
Marlin and ArborPFA

o[fb]




Decay channels

* Leptonic:

* Z(up)H(inv)

« Z(ee)H(inv)

« Hadronic:
* Z(qq)H(inv)

Physics Event Generation-
WHIZARD (Higgs signal and

SM background processes),
MADGRAPH, PYTHIA
(exotic higgs decay)

Y

Detector Simulation- Mokka
(based on GEANTY, for det.
pieces like TPC, VXD, SIT,
FTD ete.), GUINEA-PIG
(Beam-beam sim.)

Digitization (estimate
electronic response from
energy deposition, model all

important response of
detector eg., efficiency,

fluctuation, noise, pedestal)

4>[F:\st Simulation using (‘EP(‘FS]—

Invisible

Scheme for simulation and analysis

Event Reconstruction using
Particle Flow Algorithm,
RBOR (charged particles in
tracker, photon in EMCal,
neutral hadron in the
Calorimeter, Jet energy)

v
DATA ANALYSIS
Energy : 250 GeV,
Lumin. : 5 ab™!,
etem - ZH,Z — ptu~,
Sig:H— Invisible Bkg:ZZ,
WW, Zv (2 fermion, 4
fermion, H—Visible)

!

Cut Based, Multivariate and
Shape Analysis using ROOT,
TMVA, Roofit; RESULTS—
Efficiency, Errors, Upper
Limit;: CONCLUSION




Backgrounds for Z(pup)

« Higgs backgrounds due to
ZH processes Z(vv), H(up)

« Two fermions

. z v, ot " 0y
» Four fermions l ::: mi
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Efficiencies in Z(e*e") channel

Signal 174% SV Z(2f) Z(ete )H
total generated 100000 68484064 26534108 423674068 100000
2< N <3,N.p <3 74.5% 0.05% 11.0% 17.3% 0.57%
N, <1 68.2% 0.05% 10.2% 11.7% 0.13%
10GeV < Pt“+‘3_ <70GeV 66.4% 0.04% 6.91% 6.61% 0.12%
|Pe e | <60GeV 65.4% 0.04% 5.03% 2.97% 0.12%
|cos@,+,.-|<0.8 64.9% 0.03% 4.24% 2.89% 0.11%
90GeVjVisible Energyj120GeV 63.9% 0.00% 0.62% 0.04% 0.02%
70GeV <M, .- <100GeV 56.4% 0.00% 0.42% 0.03% 0.01%
BDT cut 34.5% 0.00% 0.02% 0.00% 0.01%
fit window 34.2% 0.00% 0.01% 0.00% 0.01%
° Eff ~ 3 4% CEPC Simulation
i \ Z- e'e; J-Ldl=53b-l
- : > 400 - —— Signal+BKG
Signal efficiency - imff;ﬂ-'iimw,mrm o —— Signal: HistPdf
| Background efficiency —  S/#sqri[S+B) ' w L — BKG
= | ] ﬂ %2=76.39, Prob=0.68
£ 1 0.185 = ‘
§ i 0.16% %
e 081 10.14p 2
S osf n £ 200
' =
0.4 R
0.06
0.2 - For2t signal and 224097 background 0.04
| eventst S+Bis 0.02
I A s o i TR WO Wrareee
01 08 06 04 02 0 02 04 06 08 0
Cut value applied on BDTG output 120 130 140 150
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Efficiencies in Z(gqqg) channel

Signal Vv SV Z(2f) Z(qq)H
total generated 723755 68484064 26534108 423674068 723755
Npep <1, Ngrks <40, 10 < Nejyps <90 95.9% 59.5% 42.7% 45.7% 26.0%
20GeV < Ptqq < 70GeV 88.2% 20.6% 29.6% 0.55% 10.6%
| P3| < 70GeV 88.0% 18.2% 26.7% 0.48% 10.6%
—0.9 <cosflyg < —0.2 78.4% 9.67% 14.7% 0.06% 5.55%
90GeV < VisibleEnergy < 130GeV 75.4% 0.98% 1.21% 0.01% 0.49%
80GeV < Mgz < 105GeV 69.2% 0.66% 0.87% 0.00% 0.15%
BDT cut 38.4% 0.06% 0.14% 0.00% 0.05%
fit window 38.1% 0.06% 0.13% 0.00% 0.05%
L4 Eff ~ 380/ > —#— CEPC Simulati
(o) © . CEPC simulation EPCSimulation
CD —— Signal+BKG
— Z-qg |Ldt=5ab" — Signal
2 6000¢ i [Lat=sa — S
S 2=88.67, Prob=0.64
Signal efficiency _________ i':g"“ﬁpsfﬁ;v — %
. Background efficiency S}i‘f:n;S:;[ o © E
> I Q
R — - = 4000
g £ =
g 08 ™~ \ 083
é
b 0.6 N\
SN 2000
Ly \
: . \
0.2 For 500 signal and 696938 background
[ events the si\ss+Bis
I 1.0149 when cutting ato.?&ﬂ \
ol b L b _ 0
1 -08 -06 -04 -02 0 02 04 06 08 0
Cut value applied on BDTG output 100




Cross-sections
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The precision of the cross sections of Higgs decaying to invisible final states
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Combination of the results
from all channels

* The simultaneous fit is adopted to measure the branching ratio, which is
defined as the ratio of the signal yield to the SM production assuming BR(H->

inv) = 100%.
—_~ T 5r
& - Input-output test =L O
5 i 25 {5=250GeV, JLdt:Sab'l
g Il
2 i 5
20 | } N : o
J h 1 o)
“’_l } l 0.24%
i + 0.5
0- ' lI | 4 | 19 F
0 0.001 0.002 053008 0001 00015 0002 0.005 0003 0,0035
Br(H— inv) oA
Z(ete )H(inv) Z(ptp~)H(inv) Z(qq)H (inv) Combined
Br 0.35+0.510%  0.350% 40.290%  0.094%+0.150%  0.103% +0.075%
95% CL upper limit 1.30% 0.90% 0.37% 0.24%
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Current status

* New analysis team formed

« Cross-chec
« Update wit
* Input for C

kK the 3.5T results
n CEPC v4 (240GeV, 3.0T)

DR
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Summary and outlook

 Higgs invisible decay is important for new
physics BSM especially on CEPC

* Three channels has been done with CEPC v1
(250GeV, 3.5T) Z(ee, pup, gq)H(inv)
UL ~ 0.24% for combined results

« New team will update with CEPC_v4(240GeV,
3.0T) configuration for CDR.
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