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Self coupling
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why?
how?
required?

when?

Higgs self coupling

Link to fundamental questions
— Standard Model possibly consistent to Planck scale
— renormalizable theory tool to probe fundamental physics

— vacuum stability one of them
decision on stability made at TeV scale [suttazzo et al; Eichorn et al]
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why? Link to fundamental questions
fow? — Standard Model possibly consistent to Planck scale
;:?::M — renormalizable theory tool to probe fundamental physics

— vacuum stability one of them
decision on stability made at TeV scale [suttazzo et al; Eichorn et al]
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Higgs self coupling

Link to fundamental questions

Standard Model possibly consistent to Planck scale
renormalizable theory tool to probe fundamental physics

vacuum stability one of them

decision on stability made at TeV scale [suttazzo et al; Eichorn et al]

usually interpreted as my vs m;
only consistency condition on Standard Model

strictly speaking A vs y;
seriously hard at colliders [case for 100 Tev?]
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Higgs self coupling

Link to fundamental questions

— Standard Model possibly consistent to Planck scale
— renormalizable theory tool to probe fundamental physics

— vacuum stability one of them

decision on stability made at TeV scale [suttazzo et al; Eichorn et al]

— usually interpreted as my vs m;
only consistency condition on Standard Model

— strictly speaking A vs y;
seriously hard at colliders [case for 100 Tev?]

— Higgs portal for dark matter, baryogenesis,...
[many papers: Pospelov; Ramsey-Musolf; Lebedev, Englert]

— smoking gun for strongly interacting Higgs
[Contino... ; Grojean...; Gréber, Muhlleitner]

= we are in HEP for fundamental questions!

running couplings
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Missing piece

Less visionary — missing piece in Standard Model

— LHC measurements of gyxx on the way frate-based and EFT]
— Hi tential
9gs po V=20Te) t Ao = A= %
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why? Less visionary — missing piece in Standard Model
o — LHC measurements of gyxx on the way  [rate-based and EFT]
e — Higgs potential 2, t o2 m,
when? V=2(@To) + A(oTo) = A=

- including D6 operators [Goertz, Papaefstathiou, Yang, Zurita; ...]
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Missing piece

Less visionary — missing piece in Standard Model

— LHC measurements of gyxx on the way [rate-based and EFT]
— Higgs potential V= kB(10) 4 AT o) N N %
— including D6 operators  [Goertz, Papasfstathiou, Yang, Zurita; ...]
On=0u(6'6) 0"(0'9) 05 = —1(6"6)
Og = (¢'¢) G, G" Or = yi(6'¢)Quorn
= Higgs pair production

[Djouadi, Kilian, Mahlleitner, Zerwas]
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why? One-loop amplitude gg — HH L o ‘
"
howl) — destructive interference
d? . .
e — convenient effective theory [links ggHH vertex to gluon self energy for my; << my]
when?

H H? a H
Lo = GG B )= 25 GG, tog (1 7>
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— threshold behavior

2 2
JggH > 1
3m? + gggHH} ~ GggH {Sm,_, — 1} -0
[ s —m 3mz,
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LHC

One-loop amplitude gg — HH

— destructive interference
— convenient effective theory [links ggHH vertex to gluon self energy for my; < my]

H H? a H
Lo = GG, X L) =8 grrg,, | (1 7>
9gH o \ v T 2me T 12n w09 (17
— threshold behavior

2 2
9ggH o 1
3m,2., + gggHH:| ~ QggH |:3mH — —1 — 0
[ s—m3 3mz

Signal Extraction [Baur etal; Dolan etal]
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— large top mass approximation useless T ‘ ‘
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LHC

One-loop amplitude gg — HH

— destructive interference
— convenient effective theory [links ggHH vertex to gluon self energy for my; << my]

H H? a H
Lo = GG, X [ L) =8 grrg,, | (1 ,>
gaH S A 127 w09 (17

— threshold behavior

2 2
2 Y9ggH 1
[SmH S_Lmz + gggHH} ~ Gogh {sz,_, g 1} -0

H

Signal Extraction  (Baur etal; Dolan etal]

0.004
— large top mass approximation useless ‘ ' e
. . . FN Vs - 14 Te
— kinematics affected by self coupling ool /0 100 0o
2 A .
= ooz~ | \ * bgds -
2 b Y o
g Y
E 0001 ;-’n-r Agm=1 (sL{)\ -
7/ HH A =2

0.000 =
200 300 400 500 600 700

My (GeV)

800



Self coupling

Tilman Plehn

why?
how?
required?

when?

LHC

One-loop amplitude gg — HH

— destructive interference
— convenient effective theory [links ggHH vertex to gluon self energy for my; << my]

H H? a H
Lo = GG B ) =2 GG, log (1 7>
9o o \Tav 2w T 127 wo 09\ T

— threshold behavior

2 2
9o+ o 1
3mg, =90 ~ 3m —-1| =0
[ H s _ ”7;2-1 9ggHH 9ggH H Smiz.l
Signal Extraction  (Baur etal; Dolan etal]
— large top mass approximation useless tr Af *llj * iw ]
=0 X Asm

A=1x Asm

— kinematics affected by self coupling
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LHC

One-loop amplitude gg — HH

— destructive interference

— convenient effective theory [links ggHH vertex to gluon self energy for my; << my]

H H? a H
Lo = GG B ) =2 GG, log (14 2
9o o \Tav 2w T 127 wo 09\ T

— threshold behavior

2 2
9o+ o 1
3m? + ggg,.,,.,} ~ GggH {Sm,_, - 1} -0
[ s —m 3mz,

Signal Extraction  (Baur etal; Dolan etal]

T A= 1 X Aga e 3
A=0x Asm
A=1XAsm

— large top mass approximation useless Y
— kinematics affected by self coupling

= shape analysis necessary and possible

do/dpr, [fb/GeV]

0.001 | my, = 125 GeV

0 100 200 300 400 500
pra [GeV]
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One-loop amplitude gg — HH

why?
. PR
Lo — destructive interference
required? — convenient effective theory [links ggHH vertex to gluon self energy for my; << my]
when?
as H H? as H
Logh = GG — | — — )= Gt Gy log (1 + —
9ot - (12v 202 " ) 127 ' g< +v>
— threshold behavior
g 2 1 2
3m?, —2eH_ gggHH:| ~ GggH {Smi — 1} =0
[ s —m 3mz,

Analysis strategy (Bauretal
— search for HH production [ike ATLAS paper]
SM: no 50 signal
— guy from Higgs couplings analysis  (similarly EFT]

— limits on ‘anomalous’ Higgs self coupling
exclude A < 0 with enhanced rate
exclude A > 1 from pr

= which signatures?
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Signatures

Old channels: HH — 4W, bl_)ww [Baur etal (2002-2003)]

— 4W: visible mass against backgrounds and to probe threshold (z; , p#)?

(1) small for 2 particle final state (signal)

(2) large for many backgrounds

— known problem: ﬁ] background [matrix element versus shower?]

— only working for heavier Higgs?

mp [GeV] | signal | N2X300 WWWjj W iz [l wzaj WWa4j i
150 0.074 73 0.361 0222 | 0.054 | 0082 | 0.148 | 00052 | 0.0018
160 0.194 116 0.486
180 0.177 106 0.404
200 0.083 50 0.292
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Old channels: HH — 4W, bl_)ww [Baur etal (2002-2003)]

— 4W: visible mass against backgrounds and to probe threshold (z; , p#)?
(1) small for 2 particle final state (signal)

(2) large for many backgrounds

— known problem: ﬁ] background [matrix element versus shower?]

— only working for heavier Higgs?
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Signatures

Old channels: HH — 4W, bl_)ww [Baur etal (2002-2003)]

— 4W: visible mass against backgrounds and to probe threshold (z; , p#)?
(1) small for 2 particle final state (signal)
(2) large for many backgrounds

— known problem: ﬁ] background [matrix element versus shower?]
— only working for heavier Higgs?
— bbry~: rate limited, but S/B ~ 1

0.000125 - T =

r /"\bgd, high pp~bbyy, LHC |
N 0.000100 |— r’/\\“ bed. 1 my =120 GeV _]

[ AN , low 1
3 [ NN P8 ]
< ; ]
S 0.000075 - =
# 0.000050 - A
g F ]
< r 4
> F 1
S 0.000025 .

0.000000 —*
200

my, (GeV)



Self coupling

Tilman Plehn

why?
how?
required?

when?

Signatures

Old channels: HH — 4W, bi_)vw [Baur etal (2002-2003)]

4W: visible mass against backgrounds and to probe threshold [z; , o))
(1) small for 2 particle final state (signal)
(2) large for many backgrounds

known problem: ﬁ] background [matrix element versus shower?]
only working for heavier Higgs?
bby~: rate limited, but S/B ~ 1

at least not as hard as 4b

[Spanno’s talk]
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Old channels: HH — 4W, bt_)'w [Baur etal (2002-2003)]

(1) small for 2 particle final state (signal)

(2) large for many backgrounds
known problem: ttj background  matrix element versus shower?]
only working for heavier Higgs?
bby~: rate limited, but S/B ~ 1
at least not as hard as 4b

New attempts: HH — bbr+7—, bbW+ W~

[Spanno’s talk]

[Dolan etal, Papaefstathiou etal]

— bbr ™7~ : not very promising with usual analysis [saur etal (2003)]

but benefitting from fat jets tools (goRs, polan etal

4W: visible mass against backgrounds and to probe threshold (z; , p#)?

£=0 £=1 £ =2 bbr T bbr T [ew] bbWt W — ratioto £ = 1
before cuts 59.48 28.34 13.36 67.48 8.73 873000 2.10°°
reconstructed m, 4.05 1.94 0.91 2.51 1.10 1507.99 9.10—3
fatjet cuts 227 1.09 0.65 1.29 0.84 223.21 481073
reconstructed Mpb 0.41 0.26 0.15 0.104 0.047 9.50 3.102
double b-tag 0.148 0.095 0.053 0.028 0.020 0.15 0.48




Self coupling
Tilman Plehn
why?
how?
required?

when?

Signatures

Old channels: HH — 4W, bt_)'w [Baur etal (2002-2003)]

— 4W: visible mass against backgrounds and to probe threshold (z; , p#)?
(1) small for 2 particle final state (signal)
(2) large for many backgrounds

known problem: ttj background  matrix element versus shower?]
only working for heavier Higgs?

bby~: rate limited, but S/B ~ 1

at least not as hard as 4b  (spanno's tai]

New attempts: HH — b57+7'7 s bB W+w- [Dolan etal, Papaefstathiou etal]

— bbr ™7~ : not very promising with usual analysis [saur etal (2003)]
but benefitting from fat jets tools (goRs, polan etal

— further improved S/B with add’l jet?
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Old channels: HH — 4W, bt_)'w [Baur etal (2002-2003)]

— 4W: visible mass against backgrounds and to probe threshold (z; , p#)?
(1) small for 2 particle final state (signal)
(2) large for many backgrounds

known problem: ttj background  matrix element versus shower?]
only working for heavier Higgs?

bby~: rate limited, but S/B ~ 1

at least not as hard as 4b  (spanno's tai]

New attempts: HH — b57+7'7 s bB W+w- [Dolan etal, Papaefstathiou etal]
— bbr ™7~ : not very promising with usual analysis [saur etal (2003)]
but benefitting from fat jets tools (goRs, polan etal
further improved S/B with add’l jet?

— bbW+ W~ not very promising  [olan etai]
maybe pOSSible [Papaefstathiou etal]

— tt background a big challenge
= where are the experimental studies?
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Tools

Precision predictions

LO loop amplitudes in many MC codes

— NLO with top mass  [rigo, Hoff, Melnikov, Steinhauser]

approximate NLO available [pawson, bittmaier, Spira]

— NNLO predictions on the way  (de Fiorian, Mazzitelii

= remember the distributions!
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Linear collider

Rate at linear collider: ete~ — ZHH

— very limited number of events
— low Higgs mass, decays H — bb

— measurement of X through total rate (m, = 120 GeV)

= hard measurement everywhere

0.6 T T T T T T

[ SM Double Higgs-strahlung: ¢* ¢” — ZHH 1

0 L
100 120
[Djouadi, Kilian, Mhlleitner, Zerwas]

180
M[GeV]
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HL-LHC and Nimatron

Make use of 100 TeV and/or 30ab~"

— where do we benefit?

— what is new?
pp — HH — (bb)+weakly interacting  (Papaetstathiou]

— combined with top Yukawa measurement?
what is the progress since 2003?

where are the experimental studies?

why Higgs pairs and not cheaper channels?
why billions of dollars?

Py

That looks really hard!
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