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Physics Motivation for H →invisible

SM H → ZZ ∗ → νννν, BH→inv. ∼ 0.1%

Higgs portal DM - DM candidate
couples directly to Higgs, would leave
invisible detector signature

Additional couplings of DM to Higgs
(mDM < mH/2) could increase BR by
O(10)%

ILC is ideal for this precision
EWK measurement:

Hadronic interactions/pileup
leave large uncertainties on
MET from decay

Detectors designed for
particle flow reduce jet
measurement uncertaintites

Systematics-limited analyses
don’t benefit much from
increased stats
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Current BH→inv. Results

LHC

CMS - Run 1 and partial Run 2
[1809.05937]

BH→inv. < 19%(15%) obs(exp)

ATLAS - Run 1 and two Run 2 full
analyses [ATLAS-CONF-2020-052]

BH→inv. < 11%(11%) obs(exp)
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ATLAS Preliminary
-1 = 7 TeV, 4.7 fbs

-1 = 8 TeV, 20.3 fbs
-1 = 13 TeV, 139 fbs

ILC

ILD - [2002.12048]

Combined Z hadronic and
leptonic channels
BH→inv. < 0.23%(0.65%)
for ILC250(500) at 95%
C.L.

SiD LOI

SiD preliminary work [1] ,[2]

See LHC talk on rare SM
processes

Wed, Mar. 17 at 0930 GMT by
X. Zuo
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https://arxiv.org/abs/1809.05937
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-052/
https://arxiv.org/abs/2002.12048
https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF2_EF1_Andy_White,_Jim_Brau-185.pdf
https://agenda.linearcollider.org/event/8671/contributions/46560/attachments/35938/55804/potter_sidopt_14Oct20.pdf
https://agenda.linearcollider.org/event/8933/contributions/46704/attachments/36057/56068/sidopt_potter_4Nov20.pdf
https://indico.cern.ch/event/995633/contributions/4258904/
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SiD Detector Concept

Compact and
cost-constrained

Designed for particle-flow
paradigm

Highly granular pixelated
Silicon-based tracker and
EM Calorimeter,
SiPM+Fe Hadron
calorimeter

Compact design with 5T
magnetic field

ILC TDR Vol. 4: Detectors
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https://arxiv.org/abs/1306.6329
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Background Processes

Leptonic Z

e+e− → ZZ → νν̄``
(XS ∼ 7.84 fb−1 )

e+e− → µµ
(XS ∼ 6190 fb−1 )

e+e− →WW → `ν`ν
(XS ∼ 442 fb−1 )

Contributions from 2-, 3-, and
4-fermion backgrounds

Consider recoil mass from
Higgsstrahlung Z

Hadronic Z

e+e− → ZZ → νν̄qq̄
(XS ∼ 46.8 fb−1 )

e+e− →WW → `νqq̄
(XS ∼ 2745 fb−1 )

e+e− → qq̄
(XS ∼ 47000 fb−1 )

∗XS values stated for
√
s + 250 GeV with 80% LH electrons and 30% RH positrons
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Preliminary SiD Study, Z (lep)

SiD fast simulation
ILC250 with BH→inv. =10%,

Polarization:
(Pe− ,Pe+) = (∓0.8,±0.3)

900 fb−1 for both polarization
configurations

Backgrounds: 2-, 3-, 4-fermion bkgs,
inclusive SM H (excluding signal)

Significance = S/
√
S + B

cut-and-count

Cut S (LR) B (LR) Signif. S (RL) B (RL) Signif.

All events 9.92e4 1.72e8 7.56 4.18e4 8.59e7 4.51
MET> 15 GeV 7.12e4 3.75e7 11.6 3.15e4 8.42e6 10.8
2 leptons 5.13e3 1.68e6 3.95 2.28e3 2.70e5 4.37
SFOS leptons > 10 GeV 4.87e3 1.41e6 4.09 2.16e3 1.90e5 4.94
75 <M vis< 105 GeV 4.62e3 3.02e5 8.32 2.05e3 6.49e4 7.93
20 <pt vis< 70 GeV 4.47e3 2.23e5 9.37 1.99e3 4.59e4 9.09
110 <m recoil< 150 GeV 4.41e3 1.17e5 12.6 1.96e3 2.17e4 12.7
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SiD Z (lep) Backgrounds - Recoil Mass
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Preliminary SiD Study, Z (had)

SiD full simulation
ILC250 with BH→inv. =10%,

Polarization:
(Pe− ,Pe+) = (∓0.8,±0.3)

900 fb−1 for both polarization
configurations

Backgrounds: 2-, 3-, 4-fermion bkgs

cut-and-count
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Combined SiD Studies

S Yield B Yield S/
√
S + B

Z (had)
eLpR 1.03e4 3.6e5 17
eRpL 7.33e3 8.39e4 24.2

Z (lep)
eLpR 4.41e3 1.17e5 12.6
eRpL 1.96e3 2.17e4 12.7

Combined
eLpR 1.47e4 4.77e5 21.0
eRpL 9.29e3 1.06e5 27.4
Combined 2.40e4 1.54e5 56.9

Combined SiD Limit: BH→inv. . 0.3%

Recall LHC results: BH→inv. < 11% (11)%
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SiD Optimizations

Further optimize signal selection,
investigate MVA techniques (study )

Preliminary application with
Z (had)Hinv

Potential improvement of x2

Understand impact of geometry and
strengths of SiD design

Active work to understand
impact of HCal tile size

Consider inclusion of Monolithic
Active Pixels (MAPS) for silicon
readout
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https://indico.cern.ch/event/1001200/contributions/4236831/attachments/2191192/3703399/potter_uosid_16Feb2020.pdf
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Systematics Studies

Work underway to understand
which systematic errors may
drive degradation of expected
limit on BH→inv.

Jet Energy Resolution plays large
role

Work in progress to quantify

Minor impact from jet flavor

see SiD Plenary talk for more background info and ways to get involved!

Wed, Mar. 17 at 1440 GMT by M. Stanitzki
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https://indico.cern.ch/event/995633/contributions/4256197/
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Summary and Future Outlook

SM precision can be approached with peak ILC detector/accelerator
performance - levels the LHC cannot reach

Preliminary SiD studies estimate BH→inv. < 0.3% - 100x stricter than
current LHC limits

Joint SiD approach to further refine study and reduce error

investigate potential physics gains from MVA approach
understand limitations of study through systematics studies
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Backup Slides
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Abstract

While the Standard Model (SM) predicts a branching ratio of the Higgs
boson decaying to invisible particles of O(0.001), the current measurement
of the Higgs boson coupling to other SM particles allows for up to 30% of
the Higgs boson width to originate from decays beyond the SM (BSM).
The small SM-allowed rate of Higgs boson decays to invisible particles can
be enhanced if the Higgs boson decays into new particles such as dark
matter. Upper limits have been placed on BH→inv. by ATLAS and CMS at
O(0.1), but the hadron environment limits precision. The ILC ‘Higgs
factory’ will provide unprecedented precision of this electroweak
measurement. Studies of the search for H→invisible processes in simulation
are presented with SiD, a detector concept designed for the ILC.
Preliminary results for expected sensitivity are provided, as well as studies
considering potential systematics limitations.
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Upper Limit Estimation

Outlined in ILD paper

Compute number of signal NS and background NB events surviving
cuts

Calculate significance sig = NS/
√
NS + NB

For ILD shape fit, do this for each bin of mrecoil and Root Mean Square
combine
For rough values, consider all events

95% confidence U.L[%]=SM BH→inv.[%]×1.65
sig
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https://arxiv.org/abs/2002.12048
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ILD Z (lep)

study
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https://agenda.linearcollider.org/event/6735/contributions/33111/attachments/27216/41412/ZHH_ZHllinv20150411_tianjp.pdf
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ILD Z (lep) Cont’d

study
A. Steinhebel (U of Oregon) LCWS 2021 16 March 2021 17 / 12

https://agenda.linearcollider.org/event/6735/contributions/33111/attachments/27216/41412/ZHH_ZHllinv20150411_tianjp.pdf
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Z (had) Cutflow for ILC250

SiD

ILD

SiD background rates greater because 3-fermion backgrounds are included
(not used in ILD study)
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ILD Z (had) Study

study
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https://arxiv.org/abs/2002.12048
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ILD Z (had) Backgrounds
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