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CEPC & SPPC




CEPC & SPPC

DOC What is the use of this huge mechiane?

o Circular Higgs factory (phase 1) + super pp collider
(phase Il) in the same tunnel pp collider

e e* Higgs Factory

What big scientific questions that it can
answer: (Question motivated)
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Top partner

Missing Energy search Higgs physics &

Search EWV Precision

Dark Matte EWV Phase

Transition
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'®
d Models Overview
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Natural Moose Mod

DOC
O 4D Composite Higgs

O Little Higgs (with collective
symmetry breaking)

O RS with gauge Higgs unification
(deconstructed)

f SO(5)/S0(4)

Higgs as a pNGB from G/H: v = fsin((n)/f)

Higgs properties based on
G/H SO4)/SO(3)
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Spin-one Resonance

D OC The theory make sense upto A =4 r f

We assume that a given number of resonances in
the composite sector are lighter than A so that it
appears in the effective action.

Consider Spin-1 resonances in the SU(2);, x SU(2)r
representation

pr: (3,1) pg: (1,3) @i (2,2)

N\

1 < g, 9o <4m  strong but perturbative
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Consider the most general Goldstone interaction
which has a custodial symmetry

(only the gauge sector) SU2)r x SU(2)r
%(z) = exp(ic®x“(x)/v)  Goldstone interaction
2
L= UZT r[(D,X)"D*Y] Consider a physical scalar h

L %(8 h)? +V(h) + UZQTT[(D (D, X)](1 + 2@% + bZ—j + ...

h TEATy
Sl tei— R h.c.
ey ]<ydj)+c
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Higgs from EFT

Some times | use a different

parametrization variable

Everything should be parametrized by

E 2m? 2
Loy = cv mWhW+W-+cVT%hZ,,Z,,—c,,

a a g _ . v
+c, 127r'va G, +c77whA,u,A,w Cinvh XX .

Integrating out particles
heavier than higgs

top already in cg, cgammma
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Riggs properties

Universal Higgs properties at the leading orde

% si 2ﬁ— 2 sin2@ sin@cos@ ﬁ
fsmf—f[ Yt g 2 o <f> W & Z boson mass

¥ (1—zsm2 <—§§>> (;)Z] modification of hVV
—0? 4+ 20y/T—Eh+ (1—26)R% + ... coupling
Similarly for fermions.
510
Spinorial 4

Wednesday, August 13, 2014



Riggs properties

FIG. 1: The production rate ratio between the composite
Higgs and the SM Higgs. The red line stands for weak boson
fusion and associate production channel while the blue line
stands for the gluon fusion channel. The yellow region £ > 0.2
are not preferred by the electroweak precision test.
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Higgs decay

FIG. 2: The decay branching ratio for 125 GeV composite
Higgs in MCHMS5. The red solid, green solid, blue solid, blue
dashed and red dashed lines stand for ZZ, WW, bb, 77 and
decay channels. The yellow region £ > 0.2 are not preferred
by the electroweak precision test.



The S parameter

How about the precision
electroweak constraints?

Only the S parameter gives a (roughly)
universal bound on the rho meson mass
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The S parameter

DOO The Weinberg sum rule regulate the UV
behavior of the Higgs potential (the form factor)

Finite form factor (log div Higgs potential)

py,—oc =1

Nq Np
lim gy %I (-pE) = f2+2) f2—-2) f5=0. (I
=1

Form factor falls faster than |/p/2
(finite Higgs potential)

Na Ny
lim g5 %ppTh(—pE) =2 foma, —2)  fim2 =0. (II)
j=1

p3.—oo
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The S parameter

D OC Consider one rho, this reduce to the

42

S =

2
my

Multi-resonances gives order one (always
bigger than |) difference for normal spectra

S ~ 4771)2/m?)

axel-resonances heavier than the
vector resonances
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The S parameter

95% C. L.

$<0.25

-~

. 0,00 005 010 015 020 025 030

Wednesday, August 13, 2014



{

Composite Higgs

4

. Naturalness
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Other operators

How about the tuning of the Higgs potential:

The basic tuning, of course is to obtain
the correct EWSB vey, naturally v ~ f.

Therefore, naively one should at least have a
minimal tuning of order & .
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Other operators

The real tuning is actually more since we
have discovered a light 125 GeV Higgs

This means it requires additional
cancellation in the Higgs potential.

How this will influence the spectra?
especially the top partner?
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Other operators

Consider the general Higgs potential:

V(h) = V(h)top + V(h)gauge'

9g mh Neglect this
64n? g2 "’ sub-leading part:

V (h)gauge ~

For tOPSI MCHMS5

N,

Vt,op5 (h) = Vleading + V;ub—lea,ding = mﬁmé’g [(aL + aR)sIz; + (bsz + bR€2)3;11] )

a, b are the O(l) coefficients



Other operators

One has to tune the Higgs mass term of
order ¢* instead of ¢2.

Tuning of Higgs potential:

N 2 92 9 gy
Wytng = 500 GeV (3) .
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Other operators

-urther suppression of Higgs mass requires 2
light lightest top partner:

-~ Ne Yyemy Yyimy
mp o 27r2 f V= IOOGeV( f

However, the tuning on the other hand, is still related to
the (roughly) the overall top partner mass

G
(125mheV) (g_¢)2 |

Seach for at the SPPC learn the ,
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Other operators

D OO Barbieri & Giudice fine tuning parameter

B Ologmyz A — max 2z; ¢ 0%V
A—m?'x dlogz; |’ i | 8 f2m§6m,-ash

100 150 200 300
m, (GeV)

Light Higgs, light lightest top partner, large fine-tuning
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O Top / Light fermion partners

Branching Ratio
1.0
: 0.8
Heavy states pair
produced at 06
SppC (much 0.4
better than LHC) 0.2

BR(t' — th) = BR(t' — tZ) ~ BR(t' —» bW)/2 = 0.25
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Heavy rho meson search

4

. at the SPPC
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Other aspects
DOC Production:

The most important one is the Drell-Yan process:

For a color singlet Z’ particle, the Landau-Yang
theorem forbids the gluon fusion process.

However, for a color octet G’, the additional color
factor fAabc allows gluon fusion and become very
important at the SPPC

Decay: G’ into top pair
L' intoW, Z, tops pair.

Wednesday, August 13, 2014



Production Rate

108
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Drell-Yan Production: for 3 to 12 TeV KK
gluons for future giant colliders
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Gluon Fusion

! £ 02 (g1 + gir) I (—L) (m2c1 (e €c) — 2(q - €) (K - 6c)) (k- €),

M =
2 2
dmg,m Mg
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For the boosted W, Z, top tagging at the
SPPC, i need to know more about it.

Feel free to let me know.
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< WWV scattering &

. unitarity
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Other aspects

WWV scattering measurements is always
a tough thing at the LHC

At the SPPC, not only we can do VVVYV, VVff, VVhh,
etc can also be put into the lists of consideration

There is actually a new strong dynamics

EWSB measurements that can be done
and better doable at the SPPC
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Phase shift in strong dynz:
D OC

If strong, then S is far from one!

G ~ %295 g far from zero

Unitarity circle
scattering, unitarity

condition is simply

Typically have
when deviated from 0

Wednesday, August 13, 2014



Looking at the pi pi scatt
DOC

How to parametrize the phases at high eners

Pass the rho
meson
resonances

LHE behavioroyj ~ s

P : close to pi
ay = ¢’ sinoy |
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Rescattering proces

DOC All parton energy goes
O to WWI/Z system

Only applies to J=| channels

Large SM WW/Z backgrounds
(good if one use interference)

O WW]J] channel.

W. suppressed by the effective W luminosity

Two forward jets suppress some
backgrounds
Irreducible backgrounds for Wr is still
there anyway
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How to measure the p

A1:V) he
Z M?lkz(e) Mé‘l (01,¢1)M§‘2 (h, 02s¢2)
A2 >\2 V2 he

Icity
Icity

Mi: production
amplitude

Mo, M3: decay
amplitude

M(ela ¢1) — M(Hh O)eiSZ(b
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How to measure the p
DOUOC

Looking at the interference term on (A1, A2) and (O

|alei()‘1¢‘—’\2¢2) -+ azeial2 ~ COS(/\1¢1 — X202 +5) ~ Sin(A1¢1 — Azd)z) sin 4.

sin(A191 — A2¢2)

distributions
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Interference:

5 to 10 times larger

(0,0) sin(¢1)

) (0,0 sin(@2)
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We use the cuts as follows:

e A, > 0.4 between leptons and lepton and quarks.
e pr > 20 GeV and 1 < 2.5 cuts on the leptons.

e /-reconstruction cut. We require that two opposite
sign leptons reconstruct to give the Z mass.

e MET cut > 20 GeV.

e Invariant mass cut of the W Z system between M —
I'and M + T

e 0.1 <cosB® < 0.9 on the W momentum in the CM
frame to maximize the interference.
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14 TeV LHC 50 TeV pp collider

T/m — [0.3]0.4

800 |(4.4/4.4
900 [3.2)3.2
1000 |2.3|2.3

Hadronic W tagging, multi-variable
methods, multi-resonances, |=2 channel, etc
will also greatly helps for the significance
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