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introduction: methods to measure Higgs mass
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introduction: why dmy is important

o partial widths of H->ZZ*/ WW™ is very sensitive to the
Higgs boson mass (due to phase space)

o Ompy becomes one main source of systematic errors for
theory prediction of I'(H->ZZ) and I'(H->WW)

1404.0319

5W:695mH 5227.7°5mH
e.g. if Amp =200 MeV —> 0z ~ 1.2% (>> other sources)

ILC 250: Amp =14 MeV —> 0z ~ 0.1%

note: Oz is relative error for HZZ coupling, which is defined as
1/2 of relative error of partial width of H->ZZ*




introduction: the motivation for a new method

Integrated Luminosities [fb]
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ILC H20: why, for significant fraction of time, the 500 GeV
machine is running at 250 GeV? (was really a pity to me)




introduction: the motivation for a new method

at Ecm=250 GeV: Amy = 14 MeV at Ecm=500 GeV: Amy = 218 MeV
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can we improve Amy at e.g. Vs >= 500 GeV?




. idea of a new method for measurement of msx

(talk at LCWS16)
. strategy

.0 require momentum balance only in
. transverse direction ki

.o use measured jet direction, but not energy

o two constraints -> two unknown (p1, p2)

- advantage
o insensitive to beam energy
o insensitive to beamstrahlung/ISR

o insensitive to (b)-jet energy resolution




_analytic results

. p1 sSin 0 cos @1 + p2 sin 0 cos o3 = p,;

- p1sin By sin @1 + p2 sin s sin ¢ = p,

(px, py: measured from pz)




. results for full simulation — resolutions

vs =500 GeV ete — puuH,H — bb w /0 overlay
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performance of new method (compared with others)
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back to LCWS16

o new method:very promising my measurement at 500 GeV
o was about to include Z->qq channel

o maybe we can forgot about 250 GeV running

Integrated Luminosities [fb]
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another news from LCWS16

o we would have to run ILC at vs = 250 GeV first anyway...

Integrated Luminosities [fb] staged,
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in that case, isn’t recoil method good enough?

in fact, I did forget about my study of new method



higher luminosity at 250 GeV
K.Yokoya @ AWLC 2017
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¥ luminosity can be increased by higher ! gs
(beamstrahlung energy loss, which is 1% at TDR)

¥ higher ! gs can be achieved by smaller " xn or #*

¥ set of new beam parameters with smaller " x n IS being
tried N> x1.6 higher luminosity is promising

¥ if works N> can further try smaller # «*
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Impact of higher beamstrahlung
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¥ set4 : $my larger by ~25%
¥ setl5/16: Imy larger by ~50%

—> [LC250: Amy ~ 20 MeV for new beam parameters
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new motivation of the new method

insensitive to the beam energy —> complementary in
terms of systematic errors g CEPC

insensitive to beamstrahlung /ISR —> improve statistical
error by applying the new method to those events with
large beamstrahlung /ISR, e.g. a combined approach =@ CEPC

might be useful, in supporting new beam parameters with
even higher luminosity at 250 GeV

improve separation between signal background g CEPC




performance of new method: single approach at 250 GeV
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a possible combined approach

Vs = 250 GeV eler — pn 0B

M(recoil)>130 GeV

~30% of signal
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a possible combined approach

Vs = 250 GeV eler — pn 0B
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~10% increase of events in peak area, for free




test for higher beam-strahlung

Vs = 250 GeV eler — pn 0B
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test for higher beam-strahlung

Vs = 250 GeV
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summary & next step

o myg measurement is important: Amp=14 MeV -> 0.1%
systematic error for HZZ, HWW couplings

o a new method for myg measurement is proposed
> insensitive to beam energy, beamstrahlung /ISR
> a factor of 3 better at v's >= 500 GeV than recoil method
» a combined approach is promising at v's = 250 GeV

o next step: include Z—>qq; systematic errors, e.g. jet
direction and jet mass; apply to new beam parameters
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ATLAS and CMS Uncertainty in ATLAS Uncertainty in CMS Uncertainty in LHC
LHC Run 1 combined result combined result combined result

lllllllllll lllllllllll llllllllllllll

ATLAS ECAL non-linearity /
CMS photon non-linearity

Material in front of ECAL

ECAL longitudinal response

ECAL lateral shower shape

Photon energy resolution [ ] ]

ATLAS H — yy vertex & conversion
reconstruction

Z — ee calibration

CMS electron energy scale & resolution

Muon momentum scale & resolution

ATLAS H — yy background modeling

Integrated luminosity

Additional experimental ATLAS CMS Combined
systematic uncertainties Observed Observed Observed
Theory uncertainties [CJExpected | [CJExpected | []Expected

lllllllllll lllllllllll Illlllllllllll

0) 0.05 01 O 0.05 0.1 0O 0.020.04 0.06
om, [GeV]

Figure 3: The impacts dmpy (see text) of the nuisance parameter groups in Table 1 on the AT-
LAS (left), CMS (center), and combined (right) mass measurement uncertainty. The observed
(expected) results are shown by the solid (empty) bars. .\
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V5 =500 GeV ete” — uuH,H — bb
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