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Outline

* Loop-level Vs. tree-level double Higgs productions.

 CEPC 400 GeV searches for hhZ, via the 4b+MET
channel (in preparation with Li Huang, Zhen Liu,

Jing Shu).



The Higgs selt coupling

» SM Higgs potential:
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» General 2HDM potential:
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Double Higgs at pp

» The SM o™° ~ 33 fb for LHC 14 TeV, with finite-m; (1604.06447).

» Double Higgs productions in BSM

1. Modified Appp, destructive interference minimizes o[gg — hh| at
Ahhh ~ 2.5230.

2. New resonance contribution via gg — H — hh, significant enhancement of
cross sections.

» The results (Plehn, Spira, Zerwas, hep-ph/9603205)
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Double Higgs at pp

Benchmark: cg_, = 0.01, {3 =1, My = Ma = M+ = M and my2 subject
to unitarity and stability constraints. (L. Bian, NC, J. Wang, work in
progress)
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Double Higgs at ee




The relevant couplings
L D GnzzZ'Z.h+ gmmzzZ"Z 0 — Apnh
with the SM predicted values of

g(SM) ﬁ g(SM . m% A\(SM) _ Mﬁ
v’ hhzZ = 5,2 hhh oy

The precise measure measurement of g,z> at the CEPC 240 GeV:
5ghzz ~ 0(0.1 %).

Precision of Higgs coupling measurement(Model—lndependentFlt)

m ILC 250+500 GeV at 250+500 fb~" wi/wo HL—LHC

m CEPC 250 GeV at 5 ab™" wi/wo HL-LHC
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Productions at ee
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Luminosity [10* cm?s7]

TLEP-Z | TLEP-W | TLEP-H | TLEP-t
/8 (GeV) 90 160 240 350
L (10% em~%s~1) 56 16 5 1.3
# bunches 4400 600 80 12
RF Gradient (MV/m) 3 3 10 20
Vertical beam size (nm) 270 140 140 100
Total AC Power (MW) 250 250 260 284
Lint (ab~/year/IP) 5.6 1.6 0.5 0.13
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oclete”™ — hhZ]
400 GeV
© 0'[6'*'6— — th]SM £hZZ=1 ,Ehhzz=1
= 0.105¢&%, + 0.425 &4y, + 0.464
ocle"e” — hhZ]
500 GeV
’ olete = hhZ]sm l¢nzz=1 &pnzz=1

= 0.097 &%, + 0.369 &xnn + 0.534
with the minima at Apsn &= —2.0X3),. The SM cross sections

400 GeV : ofete” — hhZlsy =7.11 x 107 fb,
500 GeV : o[e"e” — hhZ]su = 0.1565 fb.

2HDM benchmark model: § o ~ 10~ %oy

Luminosities: Lsgo ~ 3.0 x 10**cm™2s~" (4 IP), assuming the TLEP-top
parameters (beam size, RF gradient, AC power and number of e*
bunches), Li ~ 5 ab~" for ~ 10 yrs.



Charged particle reconstruction efficiency (E > 10 GeV) | 99.5%
Muon identification efficiency (E > 10 GeV) 98.5 %
Electron identification efficiency (E > 10 GeV) 99.5 %
Photon tagging efficiency (E > 1 GeV) 98 %
Neutral hadron tagging efficiency (E > 5 GeV) 90 %
Jet energy resolution 3-4%
€p 90 %
€Ec—b 10 %
€j—b 1%

Table : The expected performance of CEPC detector at object level.



Decays of Double Higgs

h—= | o [ Z— Br (CEPC 500/ILC 500) | CEPC 400
bb bb gg | 23.3% 73/101 83
bb | WW* | qg | 17.3% 54/75 62
bb | WaWi | g | 79% 25/35 29
bb Vv g | 8.9% 28/39 32
bb bb v | 6.7% 21/29 24
bb bb | ¢t | 22% 7/10 8

Table : Possible decay modes and their branching fractions.



INnvisipble Decays

tnte  |hyWaWelhyZnZ,o | 2020 25 |\WhW W2, |WiWL 2,
CEPC /s =400 GeV|179.3 fb| 0.68 fb | 63 ab | 275 ab | 2.1 fb 0.7 fb
CEPC /s =500 GeV|148.5 fb| 0.88 fb | 8 ab | 332 ab | 3.6 fb 1.2 fb
| ILC /s =500 GeV [305.3 fb‘ 200 fb | 144 ab | 601 ab | 8.3 fb 2.8 b




Signal BDT

» Reconstructions of signals of hhZ by:
1. n; = 4 (not necessarily b-jets), w.o. leptons, pairing for two Higgs bosons

2 2
mj. i, — Mp m;.;, — Mp
Xhh &= \/( 11)2 ) +( 13/4 )
o o

2. The invisible Z boson,

k= (p1 + p2) — (qn, + Gn,)
s+ ms — 4M?
2./

k= m5, mz S Ex S

» Quantities for the BDT analysis:

2
Mp, Mh, K®, Ex, Xhh s Ny



Background BD [

» Reconstructions of (hZZ , ZZZ) events by: n; = 4 and veto lepton,

mii, — Mp\2 Mi.i, — Mz\?2 Mipy — Mz \ 2
Xhzz = \/ ( J1Jo ) +( j3ja ) +( inv ) |
g g g

mi ., — Mz\?2 mi.i. — Mz\?2 My — M7\ 2
227 = \/ ( J1Jo ) +( a4 ) +( n 2)
g g g

» The t-channel characteristic of (hZZ , ZZZ), M :_1_m2 two fast-moving
vV

and forward Z bosons. Pick the largest-momentum boson, and find its
pr and the polar angle cos .

» Reconstructions of tht; events by: n; = 4 and veto lepton, pairing of three
jets for one top quark and

Xit = \/(mjm — mf)z n (m\/§—j123 B mt)z
o o




BD 1 results: 3% |et resolution

Input variable: mh1_zhh Input variable: mh2_zhh Input variable: mz_zhh
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(1/N) dN / dx

TMVA overtraining check for classifier: BDT
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BD T results: 3% |et
resolution

Cut efficiencies and optimal cut value
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1] Background (test sample) | | * Background (training sample) ]

| Kolmogorov-Smirnov test: signal (background) probability = 0.02 (0.055)
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U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%
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Cut value applied on BDT output

Significance of SM cubic coupling ({éppn = 1) : ~ 4.4 0
S o discovery significance: Expn 2 1.37 Or €ppn S —5.42.
2 o exclusion limit: —3.34 < &ppn S —0.71.

Significance



BD T results: 10% Jet resolution
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summary

* The current CEPC preCDR tocus on the 240 GeV
runs for the Higgs precision measurement. The
CEPC 400 GeV provides physical opportunities for
measuring both top quarks and Higgs self
couplings.

* Atthe CEPC 400 GeV, 4b+MET channel is
analyzed for the Higgs self coupling measurements
with smearing effects. More to be done by
including other channels.



