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Homeworks

THINKING: Try to understand the main source of the NLO
correction without calculation. Why there are more small-y

Z-bosons?
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THINKING: Try to understand the main source of the NLO
correction without calculation. Why there are more small-y
Z-bosons?
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Homeworks

THINKING: Try to understand the main source of the NLO
correction without calculation. Why there are more small-y
Z-bosons?
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Real corrections
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Homeworks

THINKING: Try to understand the main source of the NLO
correction without calculation. Why there are more small-y
Z-bosons?
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Lecture 2: Higgs Physics at Higgs Factory (I)
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The SM Higgs Boson

- The EWSB in the SM (tree-level).

V(@) = 12 (¢'0) + A (¢'0)”

B G+ (0
77 v+ L (H +iG) w=1,

D,p=
( 9,G*+ + i (gW? + ¢/B,) G* + 2WF (v2v + H + iGP) )
$50.H + 50,6° + BW,G* + 5i5 (~gW3 +¢'B,) (VEv + HO+ iG?)
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The SM Higgs Boson

- The EWSB in the SM (tree-level).

V (©) = 1 (¢19) + A (p10)’

B G+ (0
77 v+ L (H +iG) w=1,

D,p=
( 9,G*+ + i (gW? + ¢/B,) G* + 2W (v2v + H +iGP) )
LO,H° + 50,60 + LW, G+ + 51 (—gW3 + ¢'B,) (vV2v + H° +iG°)

5 G+ +ied G+ + b —W) 7 cu ey (/3 4 FHO 4 GO

THINKING: Try to give the result when the scalar belongs to

the (2j+1, y) representation of the SU(2)xU(1) group.
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The SM Higgs Boson

- The EWSB in the SM (tree-level).
Lyukawa = _YuijeabQ?(pb*uR] Y”Qa% — YULGSDaeR] + h.c.
Y9viriug; + Yy vdridr; + Y verer; + h.c.
Polar decomposition theorem:

Uy, — UE“’L) Up — UE’U;R, dL — UgdL, dR — Ung

Ty mg;

‘CYukawa — = €ab Q:L (Pb* URi — Qa Pa d Ri — b La PaCRri T h.c.

Vexn = UPTUE
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The SM Higgs Boson

- The vertices with Higgs boson.

Try,; mg; m

L ~a ,  bx ~Na €l Ta
EYukawa_ - EabQi(p URi — " Qi (PadRi - ” Lz‘ 99a€Rz‘+h-C-
i
o m
H /
_____ — l X mf
\/Ev
f
u-quark | d-quark | s-quark | c-quark | b-quark | t-quark e U T
mass
(GeV) 0.0022 | 0.0047 0.096 1.28 4.18 160 0.000511 | 0.105 1.776
Yukawa | 0.000009 | 0.00002 | 0.0004 0.005 0.017 0.65 |0.000002| 0.0004 | 0.0072
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The SM Higgs Boson

The vertices with Higgs boson.
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The SM Higgs Boson

6V 2\ = —

The vertices with Higgs boson.
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The SM Higgs Boson

Low energy theorem:

0
pl;;lEOM(A — B+ h) = \/_v (mec?mf + Z mvf)mv> M(A — B)

V=W,Z

The vertices with Higgs boson (loop induced).

lim M(g—g+h) =

ph—>0
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The SM Higgs Boson

Low energy theorem:

1 0 0
I A— B+h)=— — — | M(A— B
ph,lgoM( = B+h V20 (Ef:mf({?mf —l_VEV‘:/vaamv) (A= B)

The vertices with Higgs boson (loop induced).
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The Production of the Higgs Boson

Number of events
for Sab~!

—45x 107

) Process Cross section Events in 5 ab™!
T Higgs boson production, cross section in fb
ete” — ZH 212 1.06 x 106
e ete” — vvH 6.72 3.36 x 104
F | 5 5 ete” - ete ™ H 0.63 3.15 x 103
5; T 2.{ R Total 219 1.10 x 10°

J—s.[G(\]
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The Production of the Higgs Boson
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« Thresholds:
WW: 2x80=160GeV;

107 ?.....f“;........”.

Z7:2x91=181GeV,

Number of events

for Sab~1

Zh: 91+125=216GeV;
tt: 2x173=346GeV.
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The Production of the Higgs Boson

o{fb]
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Number of events
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The Production of the Higgs Boson
The helicity configuration (in SM, J=1):
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The Production of the Higgs Boson

T
T

ne helicity configuration (in SM, J=1).

ne (massless) electron and positron can only couple to the

transverse Z*.
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The Production of the Higgs Boson

T
T

ne helicity configuration (in SM, J=1).

ne (massless) electron and positron can only couple to the

transverse Z*.

The Higgs boson couples to both transverse and longitude Z.
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The Production of the Higgs Boson

T
T

ne helicity configuration (in SM, J=1).

ne (massless) electron and positron can only couple to the

transverse Z*.

The Higgs boson couples to both transverse and longitude Z.

The longitudinal mode of Z is the Goldstone boson.
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The Production of the Higgs Boson

The helicity configuration (in SM, J=1).

The (massless) electron and positron can only couple to the
transverse Z*.

The Higgs boson couples to both transverse and longitude Z.




The Production of the Higgs Boson

The helicity configuration (in SM, J=1).

The (massless) electron and positron can only couple to the
transverse Z*.

The Higgs boson couples to both transverse and longitude Z.

The longitudinal mode of Z is the Goldstone boson.

do G%mS (v +a?)B
deosf  327[(s — m%)2 + m%I'%]

_ G%2mS (v + a?) m p% an2g) |1 (mpy 4+ myz)? 1/2 . (myg —myz)?
167[(s — m%)? + m%1'%] 2m?, s s

[|T3ol sin® @ + |T'10]* (1 + cos® 0)]

1/2




The Production of the Higgs Boson

The Electron and positron can be polarized.

The initial state prepared by the collider should be described by a
density matrix.

The initial state electron and initial state positron is fully
disentangled, so the density matrix can be decomposed as a
tensor product of the electron density matrix and the positron
density matrix.

Trp=1, Trp* <1,
p = Pyt ) F o ) =+ o [ o[ =) (]

The transition probability is

M|? = Tr(per ® pe-MTM)
= et At A )pe- (A= AL )MIAL AL )M (At A )
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The Production of the Higgs Boson

Unpolarized beam, pure state, and general case:
~1/1 0 B 1/ 14+P, P —1iP
p—§<0 1>, p=T)(¥], p—§<P1+Z-P2 1 _ P

P y , y )
M = 5 |(_1 — P, )1+ P) | Firl* + (1 + Poo)(1 — Por)| FrL

+(1 = Poo)(1 = Py)|FLL)? + (1 + P ) (1 + Pot)| Frr |2
2P Pl {[cos(¢— — dy)Re (FRrF{y) + cos(¢p_ + ¢y — 2¢)Re (FLrFg )] +...

If the electron and positron are longitudinal polarized, because the
left-handed current and the right-handed current interaction are not
the same, the total cross section will be changed.

]
oF, B, =7 {1+ P~)(1+ P+)ogrr + (1 = P-)(1 — Pe+)oLL

+ (1 + Pe—,)(,l — P¢?+,)(7RL+ (1 — Pc—)(l + P{."’f‘)ﬂLR}
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The Production of the Higgs Boson

Electron positron collider with c.m. E ~240-250GeV: Higgs factory.

80 | | | | | | | | | | | | |
ete” collider —— total xsec

— Zh xsecC

60

WBF xsec

interference x 5
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The Production of the Higgs Boson

- The theoretical prediction of the total cross section has significant
uncertainty.

| ! ! T T | T T T T T
100} NNLO Mixed EW+QCD /-
- Transverse NLO Weak -
80 _
o)
S 60 -
o -
Q i
2 i
S 40} ’
20+
- Longitudinal
O I L L L L | L L L L | L 1 1 1 | 1 1 1 1
—-1.0 -0.5 0.0 0.5 1.0
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The Production of the Higgs Boson

- The theoretical prediction of the total cross section has significant
uncertainty.

— LO (L) NLO Weak (1) NNLO mixed clectroweak-QCD ([b)
vV S |\G€\ ) -

RGN PRCO) PG | ey o.g“’e) IRCIFY PRCTE] PRy | | glaas)
Total] 223.146.64] 229.78 2.42 10.008 | 2.43 232.21
240 L | 88.67 [3.18] 0186 0.96 [0.003] 0.97 02 .82
T | 134.46 |3.46] 137.92 146 | 0.005 | 146 130.39
Total| 223.12[6.03] 229.20 242 [0.009 | 242 231.63
250 . | 94.30 [331| 97.61 1T.02 [0.004 | 1.02 093.64
T | 12882277 131.59 1.40 | 0.005 | 1.40 132.99

Vs [schemes|  o1,0 ([b) anio (Ib)
a(0) [223.14 £ 0.47(229.78 £ 0.77

240| a(Mz) |252.03 + 0.60| 228.36"552

G, 239.64 4+ 0.06] 23246707
a(0) [223.12 £0.47|229.20 +0.77 R
250 ao(Mz) |252.01 + 0.60| 227.67F537 23058705570 5
G, [239.62 £ 0.06] 231.82+0.07 [232.6570-07+0-04

59 1 +0.76+0.10 |
232.21 775 021
521 o< U801 0.12
231.28 o779 025

233.2970 07003

~—0.06—0.07
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The Decay of the Higgs Boson

102E

LHC HIGGS XS WG 2013

-3
1080700

200 300 1000
M, [GeV]

2.4952
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Final state

particle

v

Interaction
strength

/

[; ~Ngosx C? x my
X )\PS (’fl)

A

Dimensionless
factor from the
n-body phase
space

2.085
38.55 123

1.41

Width (GeV)

0.00407
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The Decay of the Higgs Boson
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The Decay of the Higgs Boson

¢ 1= N WW =3
C — bb Y
> B 1o
S
E | TT _%
b ——r > -
% — cC -
0 i _
(@))

O

—h
Q
N
II|
II|

THINKING: (mp/m-)2=(4.78/1.776)2=7.24, with a color factor of

3 for b-quark, Br(bb)/Br(zr) should be ~ 21.7. But the ratio is
only 58.24%/6.272%=9.3. Why?

'4 | | | | | | | | | |
10°gg 100 120 140 160 180 200 _
M, [GeV] //@\\
(( %. ))



I

The Decay of the Higgs Boson
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The Decay of the Higgs Boson

Var Rel err (%)
763 0.1

Channel

N
N

*
*

58.24
2.891
6.272
0.02176
21.37
2.61
8.187
0.227

0.153

582400
28910
62720

218

213700
26100
81870

2270

1530

170
250
15
462
162
286
48
39

0.6
0.4
6.9
0.2
0.6
0.3
2.1

2.5
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Next Lecture

Higgs phenomenology at future lepton colliders.

A short introduction of the top-quark mass and its measurement at
future lepton colliders.
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