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Lecture 3: Higgs Phenomenology at Higgs
} Factory (II), Top Quark Mass, and others
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The Phenomenology

The question: How to discover the Higgs boson at the Higgs
factory?

Vs = 240 GeV




The Phenomenology

The question: How to discover the Higgs boson at the Higgs
factory?

The recoil mass!

mj, = p;, = ((v/5,0,0,0) —pz)? = ((v/5,0,0,0) — p1 — pa)°
= (Vs —E1— E2)> — (P1+ 72)?
=5 —2Vs(E1 + Ep) + (E1 + E2)? — (P11 + T2)?
= s —2y/s(E1 + E») +mQZ

Smearing effects:
C.m. energy uncertainty;
Energy resolution of the particle 1 and 2 from Z decay;
Width of the Z boson (~2.5GeV).
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The Phenomenology
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Strategy: make all the possible
ag measurements in each
different channel and combine

Particle
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decay
Final state
Reconstruct ALL the physics objects  High Precision VTX close to IP: b, ¢, tau tagging
(lepton, vy, tau, Jet, MET, ...) with high High Precision & light Tracker:
efficiency/precision PFA oriented Calorimeter: Tagging, ID, JER, etc
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The Phenomenology

l f— e
. light background . | -
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—*— VTX=08Smm
—e— VTX=10mm
——— VTX=12mm
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Charged particle reconstruction cfficiency (L = 10 GeV)  99.5%
Muon identification cfficiency (£ > 10 GeV) 98.5%
Electron identilicalion elliciency (E > 10 GeV) 99.5%
Photon tagging efficiency (F = 1 GeV) 98 %
Neutral hadron tagging elliciency (7 > 5 GeV) 90%
Jel energy resolution 3-4%
b-tagging cfficicncy 90%
c-lagging elliciency 60%




3000 |

el

The Phenomenology

CEPC Preliminary
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The Phenomenology

CEPC Preliminary
AR T J Tdi=5ah"

CEPC Preliminary
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- Where is the long tail from?
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The Phenomenology

Hadronization

Hard scattering

Underlying events
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The Phenomenology
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The Phenomenology

- The Initial State Radiation (ISR).
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The Phenomenology

The Initial State Radiation (ISR).
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The Phenomenology

The Initial State Radiation (ISR).
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The Phenomenology

Now we can understand the result.

Relative Error
—
<

-
<
N

1073

Precision of Higgs coupling measurement (7-parameter Fit)

= LHC 300/3000 fb~

s CEPC 250 GeV at 5 ab™" wi/wo HL-LHC

Kp
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The Phenomenology

- Now we can understand the result.

Precision of H|ggs ‘Table 3.4 Kxpected precision of o (4 H) x BR for H = bbjee/ gy, normalised to 5 ab™*.
Ao x BR}/o x BR

Channel H — b H— e H = gy
whp~H 0.9% 12.6% 3.8%
) ecH 1.1% 14.6% 5.6%
o | v Il 0.45% 3.2% 2.8%
10~ I - i_ L 0.4% 3.0% 2.6%
Combined 0.28% 2.2% 1.6%

Relative Error

Kp
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The Phenomenology

- Now we can understand the result.

Precision of Higgs coupling measurement (7-parameter Fit)

| = LHC 300/3000 fb~"
Channel Precision R
. _ , m CEPC 250 GeV at 5 ab™" wi/wo HL-LHC

Z = pu.H—= WW?™ = fisgq, v 4.9%
Z = ee, H—=WW" = (vyq, (lve 7.0% N
Z = v, H—=WW* = qyqy 23% I3 g rmn
T s qq, H > W™y fugq 2.2 i -
Combined 1.5%
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The Phenomenology

Now we can understand the result.

Precision of Higgs coupling measurement (7-parameter Fit)

= LHC 300/3000 fb~
. ) = CEPC 250 GeV at 5 ab™" wi/wo HL-LHC

= -1 ' L L
= 10 — oo f==2
L; Channel Precision
> a(Z(wo)Il +voll) x BRI — ZZ) 6.9%
© i BR(H - ZZ*) 43%
D -
¥ 1072
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The Phenomenology

The width of the Higgs boson ~ several %.
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Top Quark at Future Lepton Colliders
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The “Mass” of the Top Quark

Lepton collider:

I | |
—

" fi threshold - 1s mass 174.0 GeV
- — TOPPIK NNLO + [LC350 BS + ISR 7

I simulated data: 10 fb /point
— —top mass + 200 MeV -

O
o

Cross-section [pb]
- -
M~ o))
I
I

O
N
|
|

0 | L |
What mass? 345 350 355

vs [GeV]
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The “Mass” of the Top Quark

What is the mass?
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The “Mass” of the Top Quark

What is the mass?

I
— ~ 003 VW\M’WWW'
M

[
— ~ 0.00003
M
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The “Mass” of the Top Quark

What is the mass?

[~

Im(p~)

A

I’
— ~ 0.1
M

Single pole of the amplitude:
Zim

..7p2’...)— _I_f(’p27

- p? — (m?2 —imI)

" Re(p?
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The “Mass” of the Top Quark

What is the mass?

How to measure it?

ElE FF PopdPCEOP. COM

\‘plu NERg;
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The “Mass” of the Top Quark

- What is the mass?

proton-proton ¢ollisions at

13 TeV centre-of -mass ¢ncrgy

- How to measure it?

N

LS

EXPERIMENT

Run:

Event: 199HZ211

266319

2O15-96 -84 02:21:29
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The “Mass” of the Top Quark

What is the mass?

. Run: 266519
proton-proton ¢ollisions at Event: 19982211
13 TeV centre-of -mass ¢ncrgy 2015-06-84 02:21:24

How to measure it?

ATLAS
Simulation, {s=7 TeV

M, = 167.5 GeV

S my, = 172.5 GeV

m,,, = 177.5 GeV 1

Normalised events / GeV

{140 160 180 200 220
Mien (GeV] (/&
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The “Mass” of the Top Quark

Narmalised events / GeV

What is the mass?

How to measure it?

. Run: 266319
proton-proton collisions at Event: 19952211

13 TeV centre-of -mass ¢ncrgy 2015-06-84 02:21:24

0.03

0.025

0.02F

0.015

|
ATLAS

Simulation, ys= 7 TeV

'q »

0.01 f':.f;'::":55:::§::::;:::5:::5221:22::?:::5::152::f::f;::::f:.::":s'

D

D.005F 5 i is R,

JSF = 0.95

o JOSF = 1.00

JSF = 1.05

R R R R R e
140 160 180

m{‘ecc
op

220
[GeV) Fa
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The “Mass” of the Top Quark
N7
L
K =
9 i 9 '3 939 t

Extra contribution to
the jet momentum in
hadronization, ~Aqcp

- Whose mass?
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The “Mass” of the Top Quark

Pole mass vs. Monte Carlo mass?

To compare the prediction and the data, we need to do a Monte
Carlo simulation.

There is a parameter named “top quark mass” in the
phenomenological model used by the MC code. But ...

pole MC
m T #F my

People believe that they are close to each other. The error is
~GeV...
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The “Mass” of the Top Quark

What is the mass?

How to measure it?
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The “Mass” of the Top Quark

Running coupling constants?

V(r)
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The “Mass” of the Top Quark

- Running coupling constants?
\

Q0 /

‘ ""’<«4a\“»>¢
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The “Mass” of the Top Quark

Running coupling constants?

a(r) .
r : |

2 3
NS /-
\%-* S~ M‘p;t/
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The “Mass” of the Top Quark

- The parameters in the Lagrangian need explanations.
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The “Mass” of the Top Quark

-  MS bar mass and cross section.

d tt
da = X (), mX(w), u)
X

ATLAS Preliminary, J L=35pb”

== ;(pp — fH+X — l4+jeta+X)

- Measured dependence of a
- NNLO approx. Kidonakis

- NNLO approx. Langenfeld et al.

s, —— NLO+NNLL Ahrena et al.
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The “Mass” of the Top Quark

Lepton collider:

What mass?

hard scattering
(QED) initial /final
state radiation
partonic decays, e.g.
t bW

parton shower
evolution
nonperturbative
gluon splitting
colour singlets

colourless clusters

cluster fission
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The “Mass” of the Top Quark

Lepton collider:

I | |
—

" fi threshold - 1s mass 174.0 GeV
- — TOPPIK NNLO + [LC350 BS + ISR 7

I simulated data: 10 fb /point
— —top mass + 200 MeV -

O
o

Cross-section [pb]
- -
M~ o))
I
I

O
N
|
|

0 | L |
What mass? 345 350 355

vs [GeV]
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The “Mass” of the Top Quark

Lepton collider:

dco I l I
0.120 N -
0118-— eV;0.1180]
0.116[ -

1y [ T I R T
173.95 174.00 174.05

top mass [GeV]
What mass?



el

The “Mass” of the Top Quark

Lepton collider:

" 01<v<04

- [Hoang, MS, ‘11]

1.0

5U:ht
& decreases to about 2-3% !
Ttot (preliminary)-

oQL——— . . . .. .
340 342 344 346 348

Threshold effect. (need NRQCD) Vs (GeV)
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The “Mass” of the Top Quark

Lepton collider
1S mass
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ﬁb Compact Linear Collider




