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introduction: why dmu is important

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

o Omy becomes one main source of systematic errors for
theory prediction of '(H->ZZ*) and T'(H->WW¥)

Peskinetal, 14040319 Oy — 0.9 - om py 07 =17.7T-ompg

e.g. if Amp =200 MeV —> 0z ~ 1.2% (>> other sources)

ILC 250: Amy =14 MeV —> 0z ~ 0.1%

importance in SMEFT: talk by S. Jung on Tuesday

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



introduction: methods to measure Higgs mass
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talk by G. Bagliesi yesterday



introduction: methods to measure Higgs mass

o at e+e-: recoil mass method (traditional)
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introduction: methods to measure Higgs mass

o at e+e-: recoil mass method (traditional)
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introduction: methods to measure Higgs mass

Collider Scenario Strategy omyg (MeV) Ref. 6(I'zz+) [%]

LHC Run-2 m(ZZ),m(yy) 160 96] 1.9
HL-LHC m(ZZ) 10-20 (13] 0.12-0.24
Higgs @ FC ILC»59 ZH recoil 14 3] 0.17
1905.03764  cLIC4, ZH recoil 78 98]  0.94
CLIC500 m(bb) in HvV 3017 98] 0.36
CLIC3000 m(bb) in Hvv 23 98] 0.28
FCC-ee ZH recoil 11 99] 0.13
CEPC ZH recoil 5.9 2] 0.07




introduction: methods to measure Higgs mass

Collider Scenario Strategy omyg (MeV) Ref. 6(I'zz+) [%]

LHC Run-2 m(ZZ),m(yy) 160 96] 1.9
HL-LHC m(ZZ) 10-20 13]  0.12-0.24
Higgs @FC —y e ZH recoil 14 3] 0.17
1905.03764  cLIC4, ZH recoil 78 98]  0.94
CLIC 500 m(bb) in HvV 30" 98] 0.36
CLIC3000 m(bb) in Hvv 23 98] 0.28
FCC-ee ZH recoil 11 99] 0.13
CEPC ZH recoil 5.9 2] 0.07

[13] 1902.00134

Detailed studies of the calibration of the muons, electrons and photons with the very large HL-
LHC sample have not been done yet, however it is plausible that the mass of the Higgs boson will be
measured with a precision of 10-20 MeV, assuming that with the higher statistics the analysis will be
further optimised to gain in statistical precision and that systematic uncertainties on the muon transverse
momentum scale will significantly improve with the higher statistics.




introduction: why a new method?

at Ec=250 GeV: Amy = 14 MeV
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introduction: why a new method?

at Ec=250 GeV: Amy = 14 MeV at Ecv=500 GeV: Amy =218 MeV
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introduction: why a new method?

at Ec=250 GeV: Amy = 14 MeV at Ecv=500 GeV: Amy =218 MeV
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can we improve Amy at e.g. Vs >= 500 GeV?
can we calibrate Ecyp to << 14MeV at 250 GeV?



introduction: why a new method?

at Ec=250 GeV: Amy = 14 MeV at Ecv=500 GeV: Amy =218 MeV
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can we improve Amy at e.g. Vs >= 500 GeV?
can we calibrate Ecyp to << 14MeV at 250 GeV?

e direct reconstruction using H->bb (and Z->qq): A.Ebrahimi PhD Thesis
e Cross section scan at around threshold: G.Wilson @ LCWS2017

 new method: this study



Idea of a new method for measurement of mu

strategy

o require momentum balance only in
transverse direction

o use measured jet direction, but not energy

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




Idea of a new method for measurement of mu

strategy

o require momentum balance only in

transverse direction p1
o use measured jet direction, but not energy
o two constraints -> two unknown (p1, p2) -
e »4'"/ e’
advantage 5
o insensitive to beam energy Pz

o insensitive to beamstrahlung/ISR

o insensitive to (b)-jet energy (scale & resolution)



analytic results

p1 sin 01 cos @1 + po sin 05 cos oo = p,

p1sinfq sin @1 + pa sin by sin ¢ = p,, .
(px, py: measured from pz) Pz
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analytic results p1

P2
H |,
e et
when m;/p; << 1 2
/
Pz
m¥ = (1+ 2)m? + (1 + ~)m3
P1 P2

_ 2p;sin(¢ — ¢») sin(¢1 — ¢)

| . . .
sin @ sin @ sin? o

(1 — sin @, sin f, cos ¢ — cos @ cos ).
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performance of new method (compared with others)
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luding full SM background
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Large .vs. Small

Detector Benchmark
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Analysis for Detector Benchmark

D2 D1
o performance to look at miy = (1+ S)mi + (1+ 2)ms

1 P2
N 2p? sin(¢ — @) sin(¢1 — @)

sin 6y sin 5 sin® )

(1 — sin 6, sin O, cos ¢ — cos @ cosbsy).

 final observable: Amy
intermediate
Z->ll: resolution on lepton momentum
H->bb: resolution on jet-direction (¢,0)
e pasic: selection efficiencies

Isolated Lepton Tagging, Flavor Tagging, etc.
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Analysis for Detector Benchmark

o detector model & event sample

« Large: IDR-L; Small: IDR-S

e« common event samples generated by ILD MC group for
both signal and SM background processes

signal: pyuh/eeh, h->bb
major background: ZZ semi-leptonic

e whizard 1.95: ilcsoft vO2-00-01
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edt
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results: ete” — upH, H — bb
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observed difference (L&S) in Amnu: ~22% (preliminary)
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summary

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

o a new method for my measurement is proposed
> insensitive to beam energy, beam strahlung
> a factor of 3 better at Vs >= 500 GeV than recoil method
> a combined approach is promising at Vs = 250 GeV

o impact of detector performance for IDR-L & IDR-S

o next step: include Z—>qq; systematic errors, e.g. jet
direction and jet mass; apply with new beam parameters

19



backup
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Analysis for Detector Benchmark

o event selection

e |solated Lepton Tagging: a pair of y/e ~ mZ + FSR
recovery

e overlay removal: for the time being using MCTruth (focus
on detector performance, will be replaced by Kt/Valencia
algorithm later on)

o 2-jet clustering and Flavor Tagging: LCFIPlus (still using
weight/configuration as DBD, can be easily updated with

the latest ones)
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Normalized to

what MC truth should we compare to”
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what MC truth should we compare to”

jet obtained with MC particles using same jet-clustering algorithm
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resolutions: why didn’t see the difference before
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Events

resolution: lepton momentum

1 1
A— ~2.5x%x1077° A— ~29x%x1077°
Iz 5 x 10 5 X
h h

LI L L I LI L L I LI L L I L L L w LI L L I LI L L I LI L L I L L L
Entries 1031 'E Entries 1020
80 - L ar g e Mean _2.1346-06 g I S ma | | Mean _3.8516-07
B RMS 4.179e-05 i RMS 4.711e-05
60 - v2 / ndf 93.4 /54 60 i ¥2 1 ndf 104.4 / 64
- Constant 87.49 + 3.72 Constant 74.4 = 3.6

Mean 2.587e-06 = 9.712e-07

40 — Mean —1.465e-06 + 8.315e-07 40 __

Sigma  2.513e-05 = 6.717e-07 Sigma  2.889e-05 + 1.022e-06

o0 | - 20:—

0 Ix10 O- ....... I1x10
-0.3-02 -01 0 01 0.2 03 -0.3-02 -01 0 01 0.2 03

5(1/Pt) [GeV' 5(1/Pt) [GeV'

for illustration: P,>100GeV, [cosB|<0.3

25



resolution: lepton momentum (Z mass)
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difference becomes much smaller; dominated by Z natural width
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final: Higgs mass (conventional)

direct reconstruction leptonic recoill
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Normalized to 1

final: Higgs mass (new method)
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1S

Amy from full analys

final physical observable

— upuH, H — bb

500 GeV  eTe™

S

iminary

Prel

| uuH

signa

250

4f Background
200

|
©
c
=
o
S
(o))
=
o
©
11]
Y
(9]

Higgs Mass [GeV]

150

P RRERIIEL
oot L0 %020 % % 20 20 020 %0 % % %00
P IR IRIRIAIKKIKI
TR SRR K R R KRR LARKA

BT TR R XX IXIIIAARELLIKAKLKKAAARRIIKKNKRKKS
PR RRRRRIRRIRRIIRRIRIIRRIILIIOIRIIIRIIIRIIRIIILIIRRHAS
B O ERIARRLIIIKARLIKKKK
B R RRRIKRIAN
RIRRRRRIRRKS

&%
KL
&%
S
2! %

..

100

Q

%

4

.

%

— [ ] [ ] [ ] — [ ] [ ] [ ] — [ ] [ ] [ ] — [ ] [ ] [ ] — [ ] —lﬂou
o o o o o o
o (0 @) o <t (Q\|
—
T
| | | — | | | — | | | — | | | — | | | 2 W
[ T T
I c c O
S5 5 = Q)
T 2 2 T 7 —
L = kﬂv kOu S e (7p)
— 0 3] S o g (@ IN7p)
- & © © 3 O ©
o @ o - - N
A >
e S 7))
LN — — g 39
— Tp)
—
L s
o Y IP I IS IS IIIIS
— & / S S S /

Pl X X X XX X XXX X XIIHHIIIHHIIH IR I IIIIHIIIIIKIIIIKIIIKRRKS

:4600000000000004
et b b etetete % %0 000
e e e T O OO T T T e et de 0 0 202020202020 %0 2020202020 20 %0%
T T O e e e e e e e e e e e 02020 20 20 20 20 2020 20202

100

@,

B R R RRRERERRRIRRIRRIRRRILIILRIKRIIKHANKNG
0202020202020 00 000 00 0000 00 00505000 000 0 0 0T 0TS0
G000 0.000:0,0.9.0.9.0.0.9.0.0.0
RRRRRIRRRIA

14909.9.9.0.94
a9 0,9.9.0.0.9
e X

ASD | / S|aljug

Amy = 66 MeV
i "V oo diff

Amy = 81 MeV

Large

Ldt =4 ab™ !

Small

P(e”,et) = (—0.8,40.3)

30



Normalized to 1

resolution: jet-direction
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question from Arlington: what happens in case of cheating
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update: phi resolution
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update: phi resolution
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update: Ej resolution
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update: Ej resolution
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update: mass, with cheated jet direction
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update: mass, with cheated jet direction+jet
mass
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update: mass, with cheated muons
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