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We've found you,
Higgs!




SM Higgs?

We need to look
at it carefully.

.




"Higgs Forces”

1. Higgs self-coupling

How does the Higgs field acquire a VEV ?
V=myHP+ANH['  m} <0

2. Couplings to fermions (Yukawa coupling) Y:;q3r.trH

How does the Higgs VEV give masses to fermions?

, 2
3. Couplings to gauge bosons £ = |(0 — igW‘LT“ = i%B)H




ATLAS — GES‘*“)’ Total uncertainty
_ —o(sys
my = 125.5 GeV s(theo) + 1o on v
H N ’Y'Y jggg arXiv§:1307.1427 —JL
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- ~0.28|" 015 | i
H N ZZ* N 4| tg:gg arXiv;:1307.1427
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Preliminary
=0 7’0 6 | |
\s=7TeV [Lat = 4.6-481" ~0.D 0 05 1 15 2
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w=0.80=0.14

H — bb (VH tag)

H — bb (itH tag)

H — vy (untagged)
H— vy (VBF tag)
H— vy (VH tag)
H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H — tt (0/1 jet)

H — tt (VBF tag)
H — 7t (VH tag)
H— ZZ (0/1 jet)
H— ZZ (2 jets)
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* Combined u = Best accuracy but no strong physics motivation:
— ATLAS (yy, WW* and ZZ¥)

— CMS (yy, Tt, bb, WW* and ZZ*)
— TEVATRON (bb, vy, Tt, WW*)

5/22/13

Compatible with SM Higgs boson expectation: Accuracy ™~ 15%

F. Cerutti LBNL - EPS-HEP Stockolm 2013
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Best fit G/OSM

n=(1.33 £0.20) (1.23+0.18 including bb and )
u = (0.80 +0.14)
u = (1.44 + 0.60)



[ "Higgs Forces” J

1. Higgs self-coupling

|

How does the Higgs field acquire a VEV ?
V =m%|H|? + \H|* m3; < 0




Probing the Higgs self-interaction J

[ Mass of physical Higgs (h) : ms = v*f"(v?/2) }
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(Chivukula-Koulovassilopoulos, Boudjema-Chopin, ...)
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|

Mass of physical Higgs (h) :
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Cubic Higgs coupling : Apun
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Pair production of the Higgs boson at the LHC
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o(pp — g9 — hh)§yiaa Tev = 30 — 40 (fb)



/ Gluon-gluon-Higgses effective interactions (Hagiwara-Murayama):\

['eff —

Qs
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/
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14+ ]

R(gg—hh)
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(Plehn-Spira-Zerwas, Djouadi-Kilian-Muhlleitner-Zerwas, ...)
(For 125 GeV Higgs, Shao-Li-Li-Wang, Goertz-Papaefstathiou-Yang-Zurita, ...)
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Toy potential :
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Run-away potential (¢ < 0) makes ('}, negative.

i> Pair-Higgs production is enlarged.
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SUSY QCLC

-

(Seiberg et al, 90’s)
SU(N.) x SU(Ns) x SU(Ns) xU(1)p

Q : (NC,Nf, 1,—|—1), Q : (Nc, l,Nf, —1).

2N ¢
A3‘|' Ne— Ny

(det QQ) Ne=N7
for N, > Nf

W
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Non-perturbative Higgs model
Higgs fields are moduli of SUSY QCD.
SU(N.) x SU(2)r, x U(1)y x SU(3).
Hypercolor

AHT = Q:1Q%, AH; = Q2Q".

A3—|—2/<; 1

W = —
([—[1.]—]2)/1 " Ne — 2

(Haba-Okada)
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NP potential SUSY breaking




"Higgs Forces”

1. Higgs self-coupling

How does the Higgs field acquire a VEV ?
V=myHP+ANH['  m} <0

2. Couplings to fermions (Yukawa coupling) Y:;q3r.trH

How does the Higgs VEV give masses to fermions?

: 2
3. Couplings to gauge bosons £ = |(0 — igW“T“ — @'%B)H
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Non-canonical kinetic term

(Chivukula-Koulovassilopoulos,...)

In SM, G’ =1, G" = 0.

CMS: Evidence for V-boson mediated production 3.20 :> G/ ( 1) ~ 1 (OI‘ s ]_)

ATLAS: Evidence for VBF production (VH “profiled”) 3.30
20



H=0QQ == K -—trVHIH

(Affleck-Dine-Seiberg)

We obtain: K = 2\/\]—[1\2 + |H5|2 + 24/ H, - Ho

K * 2 * * *
Liin = o DH DH; + —((H;DH;])(H; DH;) — (H - DH)(H - DH)")

Ly = ME,WTW™ (1—|—381n(ﬁ—o¢)% ) J

Cf. In 2HDM,
S e , Bl
Lyw =M;WTW™ [142sin(f—a)— + —
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Pair production of the Higgs boson at the LHC

g TEEEED) g 41 UL ) ----H
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o(pp — g9 — hh)gyiaa Tev = 30 — 40 (fb)

o(pp — hhjj)sm,14 Tev = 1.6 (b)



o(pp — g9 — hh)
= o(pp — hhjj)

5 4 -3-2-10 1 2 3 4 5
C, \/5214T6V

U(pp T hh.].]) CQ) Ch)/J(C2 o Ch = 0) 23




Pair production of the Higgs boson at the ILC

(WW fusion)
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Cross Section / fb
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H. Baer et al, Physics Chapter of the ILC Detailed Baseline Design Report
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r(ete™ = hhvi) [ (SM)
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o(ete” — hhZ)/o(SM)
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L Summary }

® e still have missing pieces for the "Higgs forces”.

® |t is important to probe the self-Higgs coupling.

® Non-perturbative Higgs model in SUSY QCD is proposed.

@® Possible enhancement of pair-Higgs production is discussed.

® \We look forward to more data to probe the “Higgs forces”.
0(100) fb~" at the LHC; ILC (at Tohoku?)
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