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H1gQS Properties

Decay channel  Branching ratio  Rel. uncertainty
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The ee collision of CEPC can
measure gauge and Yukawa
couplings precisely.
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Higgs Working Group, 1307.1347



lNtroauction

* 1) Detecting the EW symmetry breaking

mechanisms

* 2) Probe the

Potential, ...

=W phase transition, EW

paryogensis scenarios, CP sources in Higgs

H — hh

* 3) Probe new physics (new Higgs bosons?) ...

Measuring Higgs se
be a key to

f-couplings at pp collision of SPPC could

orobe those unsolved guestions!



Higgs Pair production at
hadron colliders

The dominant channel of Higgs pair production @HC
due to the large gluon fluxes.

C.S. Li, H.T. Li, D.Y. Shao, Chin. Sci. Bull.59, 2709(2014)



HIgQgs Pair Production

HH production at pp colliders at NLO in QCD
| Mg=125-GeV, MGTW2008-NLO pdf (68%0GI) - - - - - - === cm e me e e

At a 100 TeV
collider, the cross
section of Higgs
pair production in

the SM be
enhanced by a
factor 40 or so
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R.Frederix, S.Frixione, V.Hirschi, F.Maltoni, O.Mattelaer, P.Torrielli, E.Vryonidou and
M.Zaro,Phys.Lett.B732,142 (2014)
Q.H. Cao, Y. Liu, B. Yan, 1511.03311



SetupdMC simulation

B PDF: NNPDEF2.3
B Matrix Elements: MadLoop
B Phase Space Integration: QMC

B Parton Shower: Pythia

B Detector Simulation: Delphes3.0
B Analaysis: ROOT and TMVA
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Setup4I\AC S|mu\at|on

Why QMC? Faster convergence to determine differential cross section




SetupdMC simulation

ome: [ veoss | e
shase space ntegration and
unweighted event generation
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Except tree-level vertices,
new R2 terms must be added,
as required by the OPP method.
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The topology of our signal
2 W bosons are on-shell

and 2 W bosons are off-shell



Production rates of Signal and Background

Expected number of events

at 3000 fb—!

Number of events

generated

K-factors

HH

s 2
5.7 x 10~

500,000

1.6

L7

1.4 x 10°

Z h

ZW+W -~

1.67 x 10*

1.90 x 104

500,000
500,000
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HW+W

4.22 x 104
1.65 x 104

5.35 x 103

1,000,000
400,000
200,000

hW+ W~

WHW-W+W-

1.81 x 102

8.23 x 101

50,000

10,000

TABLE II. The expected number of events with 3 ab™! integrated luminosity at /s = 100 TeV

and the generated events for all processes are displayed.




Same-signed leptons final state are chosen
to suppress the ZZ background

Labels Cross section

processes in Figs.
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TABLE III. The cross sections of four leptonic mode at a 100 TeV collider for different processes

are tabulated, where £ = e, u. Fraction of four modes in all the final states are shown.




Preselection Cuts Description
P

1 Ny = -1
P;(£1) > 30 GeV, Pi(f2) > 15 GeV
Py(f3) > 10 GeV, P,(£4) > 8 GeV.

e ()] < 4
AR™n(f f) > 0.15
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b jet veto

70 80 90
Pt )(GeV)

low energy hadron veto and Z mass veto

TABLE IV. The preselection cuts in our analysis are tabulated.

Hadronic level analysis in the SM:
Two leptons from a Higgs boson might
fly closely due to 1) moderately boosted
Higgs, 2) spin correlation between them.
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Assumed integrated luminosity 3000/fb of a 100 TeV collision

Processes

Pre-Sel. Cuts

Mro < 115 GeV|m(h'*) < 60 GeV

Am > 50 GeV

hh

68.8

Z h
ZWHTW-—
Ztt

1.54 x 103
1.45 x 103

23.4
91.4
117

HW W -

24!
24.4

AW -

S/B

S/VB

Cut efficiency are demonstrated for M3 mode




A Partial Reconstruction
Method

0; 07
[/:'Z e For M3 and M4 modes,there are
o h.* ' only two possible combinations.
> <
Ve.... ,-"'.h 5 e We pick the combination which
841/ V yields the smaller my, ¢, + my.y,
4
ly

This reconstruction method can find
To suppress SM background,  the correct combination up to 95%.
finding the correct

combination Is crucial!

X.R. Zhao, Q. Li, Z. Li, QY, arXiv:1604.04329
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Visible Higgs boson masses and mI12 variable in M3 mode



Assumed integrated luminosity 3000/fb of a 100 TeV collision

Processes

Pre-Sel. Cuts

Mro < 115 GeV|m(h'*) < 60 GeV

Am > 50 GeV

hh

68.8

Z h
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1.54 x 103
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Cut efficiency are demonstrated for M3 mode







Assumed integrated luminosity 3000/fb of 100 TeV collision

Processes Pre-Sel. Cuts 2| Mo < 110 GeV |[m(h"™) < 60 GeV|Am > 50GeV

hh 55.2 48.! 40.5 36.3 28.8

tth AT. 27.1 13.7
5.13 x 10! 3.59 x 10~}

W W AT, 22. A 1.94

hWTW— 5. 4.! 4.36
W+W-W+W- 5. 5. 2.37 1.08

S/B . 1.04
S/v/B 5.2 6.13

Cut efficiency are demonstrated for M4 mode
The sensitivity of M4 mode could be better than M3 mode.




How detector effect can change our hadronic
analysis?

Eta Coverage|Signal Acceptance Efficiency

50%
73%
91%
98%
~100%

Lepton acceptance efficiency is shown.



FCC baseline detector |
from Albert De Roeck’s talk FCC detector baseline

design: forward dipoles
to cover large eta regions,
a better tracker resolution,
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Seven detector setups
are considered



Hadronic Analysis

ATLAS-like

Effects of detector can decrease the significance of hadron
level analysis by at least a factor 2. Including soft leptons In
the analysis can increase the sensitivity by a factor 2 or so.
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Cubic Coupling@HC

Sensitivity at LHC 14 TeV with a 3000/fb data set Sensitivity at a 100 TeV Collider with a 3000/fb data set
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By using the invariant mass of three leptons in the final state,
we can determine trilinear coupling to [0.9,1.2] at a 100 TeV
collider with an integrated luminosity 30/ab.

gg — hh — W*WW*W — 327 + Missk
Q. Li, Z. Li, QY, X.R. Zhao, PRD92(2015)1,014015, arXiv:1503.07611



Correlation between Higgs pair
oroduction and tth measurement

Sensitive Region
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J.F. Gunion, B. Grzadkowski, X.G. He, PRL77(1996)5172
M.Mangano, T. Plehn, P. Reimitz, T. Schell, H.S. Shao, 1507.08169
Q.Li, Z. Li, QY, X.R. Zhao, PRD92(2015)1,014015, arXiv:1503.07611
X.R. Zhao, Q. Li, Z. Li, QY, 1604.04329



Conclusions

Multi-Higgs final states are important to reveal
the nature of Higgs boson and related issues

A 100 TeV future collider can be of great help
to measure Higgs self-coupling and address
these issues

The fully leptonic modes are doable at a 100
TeV collider

Detector setup can affect the sensitivity by a
factor of 2 or 4.



