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Once upon a time... T 9
4/7/2012: CERN presents the discovery of a bosonic particle [UBINGEN
Its properties are compatible with those of the Higgs boson
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[ATLAS, Phys.Lett. B716 (2012) 1; CMS ibid 30]

2013 analyses have confirmed the discovery of a Higgs boson: spin 0, couplings to fermions
and bosons as a function of their masses = 2013 Nobel Prize awarded to Englert and Higgs

Key question: what is the exact nature of
the observed Higgs boson? Standard
Model (SM)-like or more exotics?
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Coining the scalar boson
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Coining the scalar boson
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Coining the scalar boson
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Coining the scalar boson
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CP-even spin 0 hypothesis strongly preferred, no significant deviations from SM

couplings: data up to now points toward a SM Higgs boson...

See Rebeca’s talk on Wednesday morning about the spin, anomalous couplings, and CP

structure of the Higgs boson (and references therein)
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I The SM ultimate test: probing the scalar potential
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u From the scalar potential before EWSB:

V(¢) = —m*|p|* + Alg|*

u To V(¢) after EWSB, with M%, = 2m?,v?* = m?/X:
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Historical recap: the early studies i

UBINGEN

= Quartic Higgs coupling: not accessible at current or foreseen collider
energies (up to 200 TCV) [ Prehn, Rauch, PRD 72 (2005) 053008: Binoth, Karg, Kauer, Ruckl, PRD 74 (2006) 113008 |

u Early studies at lepton colliders:

= Studies ata 2 TeV e e~ collider: SM triple Higgs coupling could be measured with
a 10% accuracy for a light Higgs, in ve. HH and W W~ HH modes (VBF modes)

[ Boudjema, Chopin, Z.Phys. C73 (1996) 85]

a Complementary SM and MSSM studies: in addition to weak boson fusion, associated
Higgs production with a weak gauge boson and triple Higgs production; 500 GeV
eTe™ collider could be enough for a 20% accuracy on the triple Higgs coupling
[ Djouadi, Kilian, Muhlleitner, Zerwas, Eur.Phys.J. C10 (1999) 27

a Early studies at the LHC:

a First study at the LHC: theoretical predictions for HH production in the main
channels, in the SM and MSSM | bjouadi. Kilian, Muhlleitner. Zerwas, EurPhys.J. C10 (1999) 45 |

= Comprehensive analysis of the bby~ channel: with a very high luminosity (6000
fb=1) A = 0 can be excluded at 90% CL

[Rmm Plehn, Rainwater, PRL 89 (2002) 151801; PRD 67 (2003) 033003; PRD 69 (2004) 053(]&74]
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SM Higgs pair production
at the LHC
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The main production channels

e gluon fusion

1000

& OO0\, ¢ - H B
> e : ’
£ OO Tam 4
NNLO in QCD NNLO in QCD
(see next slides) (see next slides)
o(pp — HH + X) [fb]
My = 125 GeV gg ~» HH |
_qq’ — HHqq/|

100

10

qq/gg — ttHH

e vector boson fusion

8 25 50 75 100
V& [TeV]
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e double Higgs—strahlung
q W,z
_H
- h w
q SCH
NNLO in QCD

[J.B. er al, JHEP 1304 (2013) 151]

e associated production with top quark

NLO in QCD

[Frederix et al. Phys.Lett. B732 (2014) 142]

~ 1000 times smaller than o(pp — H + X)

SM@LHC 2015, Florence 23.04.2015
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Gluon fusion: the largest cross section Wi @
¢ Q . H g H TUBINGEN

= Q
& OO0 SSH IO

---- H

LO inclusive cross section known exactly (7 + b 100ps) [Eboli e al. Phys.Lett. B197 (1987) 269: Glover, v.d. Bii.

Nucl.Phys. B309 (1988) 282; Dicus, Kao, Willenbrock, Phys.Lett. B203 (1988) 457; Plehn, Spira, Zerwas, Nucl.Phys. B479 (1996) 4(»]

QCD corrections to inclusive rate in the low energy limit v/ < m,: NLO corrections
[Dawson, Dittmaier, Spira, PRD 58 (1998) 115012 ]+ NINLO corrections +20% on top of NLO rate [pe Fiorian

Mazzitelli, Phys.Lett. B724 (2013) 306; PRL 111 (2013) 201801 ]

NLO (NNLO) K—factor ~ 2 (2.3)

\/E [TeV] O.NLO [fb] UNNLO [fb]
8 8.2 9.8
14 33.9 40.2
33 207.3 242
100 1417.8 1638

NNLL resummation: ~ +20 — 30% on top of NLO cross section, scale dependence stabilized
|Slmu, C.S. Li, H.T. Li, Wang, JHEP 1307 (2013) ](v‘/l

SM Higgs pair production at the LHC
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Gluon fusion: theoretical uncertainties ol
gg — HH affected by sizable uncertainties: TUBINGEN

m Scale uncertainty: calculated with %uo < pr, pr < 2p0, o = Mun;
Aseale ~ £9%(46%) at /s = 8(100) TeV at NNLO [pe Florian, Mazzicelii 2013)]

u PDF uncertainty: gluon PDF at high—x less constrained, c (M%) uncertainty
= large discrepancy between PDFs predictions

AG o ~ £9% (~ £6% at 100 TeV) uncertainty [15 o cor5)]

m EFT approximation: NLO correction only known in a top mass expansion
= estimate of +10% uncertainty (confirmed in [Grigo. Hoff. Melnikov, Steinhauser, Nuel Phys. B875 (2013) 1])

o(gg — HH) [fb] Y 2000

NLO QCD, My = 125 G
1000 | @ " I 1000

500
200

MSTW _—

o cT =
100 | ST f £ 00
11 . . ABM11 \b/
GJRO08 50
£
10 § HERA 1.5 | 20
NNPDF 2.3 10
| 8% p W 20 40 60 80 100
8 25 50 75 100
Vs [TeV] Een(TeV)

Total NLO uncertainty: ~ +40% (~ 330% at 100 TeV) [15. cral 2013)]
With NNLO calculation [pe Forian, Mazzicelli 2013)] , reduced to +=30%(3-20%) at 8 (100) TeV

SMHiggs pair production/at the LHG
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Current issues of the gluon fusion channel

UNIVERSITAT
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Big issue in gluon fusion: the effective theory approach

m Single Higgs production: works pretty well provided a rescaling to the full Born result

= Higgs pair production: approximation worse than for o(gg — H) as my > /s > 4M%,
never fullfilled (remember the EFT £10% uncertainty)

u Critical: fails for the HH NLO differential distributions

Status early 2015: top mass expansion [Grigo. Hoff, Melnikov, Steinhauser, Nucl.Phys. 8875 2013) 1] and improved
EFT NLO with exact real corrections and Born reweighting [valioni, Vryodinou, Zaro, JHEP 1411 (2014) 079
HH production at pp colliders
108 | My=125 GeV, MSTW2008 (N)LO pdf (68%cl) 000000 R4 BOOOOO——>——— = = = = = =
g
=) BT N sl
3 o
Z 10? z
S g BT ———— - == - - T
10! -
1314 25 33 50 75 100

VATV

The goal: having the full 2-loop calculation including the yet unknown box contributions

SMHiggs pair production/at the LHG
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Vector boson fusion at NLO

UNIVERSITAT
pp — qq9 — qq WW /ZZ — qqHH: the second production channel at the LHC TOBINGEN

LO inclusive cross section known for a while | keune. Mod Phys Lett. A2 (1987) 765: Eboli er al, Phys Lett. B197 (1987)
269: Dicus, Kao, Willenbrock, Phys.Lett. B203 (1988) 457; Dobrovolskaya, Novikov, Z.Phys. C52 (1991) }1;‘]
QCD corrections: NLO corrections to inclusive rates and differential distributions [15 ¢/,

JHEP 1304 (2013) 151; Frederix er al. Phys.Lett. B732 2014) 142] implemented in VBENLO (publicly available)
[Arnold er al CPC 180 (2009) 1661: 1.B. et al, arXiv:1404.3940]

~ +7% correction
(similar to single Higgs case)

Vs [TeV] | oNLO [fb]
8 0.49
14 2.01
33 12.05
100 79.55

SM Higgs pair production/at the LHG
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Vector boson fusion: theoretical uncertainties Wi @
TUBINGEN
qq — HHgq is a clean process:
m Scale uncertainty: calculated at NLO with %,LL() < R, pr < 200, o = QW/Z;
Asele ~ 3% (42%)/— 2%(—1%) at /5 = 8(33) TeV
Good precision compared to LO AsS°2le ~ +10%

w PDF uncertainty: total ATRE s ~ 170/ 4% (~ 5% /— 4% at 33 TeV)

90%CL
T ; — . ] ) . .
80+ o(qq' — HHqq') [fb] , 80+ o(qq' — HHqq') [fb]
70| NLO QCD, My = 125 GeV # -0 NLO QCD, My = 125 GeV
70
T T 1.1
ol 104Ff ] ] .
G0 el ] 60F p g5 |
500 1 500 1
0.98 P I —
w0 10| 095
0-96 0.9
30 30 b 8
20 20
10 Al e 10
0 . . . 0 . . .
25 50 75 100 8 2 50 75 100
Vs [TeV] Vs [TeV]

Total uncertainty: ~ +8%/— 5% (14 TeV)

NNLO QCD corrections in the structure function approach: +0.5% on top of the NLO
result, scale uncertainty at the percent level [1. Liu-Sheng eral. PRD 89 (2014) 073001 |

SM Higgs pair production at the LHC
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Vector boson fusion: differential distributions e

TUBINGEN
Example of NLO differential distributions with VBFNLO
in VBF — H(— bb)H(— T7)jj:

0.0012 T 0.03

pp — HHjj — bbrrjj pp — HHjj — bbr7jj
V5 =14 TeV ] 0.025 | Vs =14 TeV ]

0.001

0.0008
— NLO

0.0006 0.015

do/dny [fb]

0.0004 q 0.01

do/dpr.p [fb.GeV~1]

0.0002 q 0.005

U L L L L L L T
0 50 100 150 200 250 300 350 400
pr.u [GeV]

Soon to be released in the VBENLO public version, parton shower with HERWIG is also
ready

SM Higgs pair production/at the LHG
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Monte Carlo tools and parton shower

EBERHARD KARLS
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Progress in 2014: Monte-Carlo tools including parton shower:

m gg — HH merged to 1 jet: HERWIG++ implementation of HH + 1j production with real
radiation merged to parton shower = 10% theoretical uncertainty on the efficiencies of
the cuts, much better than unmerged samples [Maicrhiter, Papactstathiou, JHEP 1403 (2014) 126 ]

m All main processes interfaced with parton shower in the ac@NLO framework: fully
differential predictions at NLO for all channels [Frederix er al, Phys Lett. B732 (2014) 142]

MadGraph5 aMCENLO

hhp,
= L AL B e e o
% 402 |- HH production at the LHC14, NLO+PS w»ﬂn (EFT loop-improved) PY8 —— |
O 10a L . —HH (EFT loop-mproved) WG ———
3 E poeth] (VBF) PYE
= : unmerged o~ (VEF) G ———
T a3
B f merged AN -
1076 L Pp--ZHH HWE
E T 04
E 210
107 - 2
E 3
£ 10°
1078
10°
°
k=]
& L L L L L
0 100 200 300 400 500
el pr(HH) (Gev]
100 200 300 400 600
b [Gev]
(central scale: pg = my, + pr(hh))
SM Higgs pair production at the LHC
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Status of the studies of the
HHH coupling in the SM
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Main search channels s
TUBINGEN

Where to look for HH production? production cross section small
= use min. one H — bb decay channel to retain some signal, £ = 3000 fb—!

5 1 3 interesting final states a priori:

o -

5 w bbW(— Lv)W(— 2j): difficult but might be
= interesting with MVA techniques

S

'9 10" [ Papacfstathiou, Lin Yang, Zurita, PRD 87 (2013) 011301 ]

+ z .

o w bby~y: rates very small, lots of fake photon
’-3 identification, but promising! [Baur, Pichn,

8;1 0-27 Rainwater, PRD 69 (2004) 053004; J.B. et al, JHEP 1304 (2013) 151;
T Barger, Everett, Jackson, Shaughnessy. Phys. Lett. B728 (2014) 433;

Azatov, Contino, Panico,Son, arXiv:1502.005 1‘)]

w bb77: rates small, but quite promising

—
o
)

[Barr, Dolan, Englert, Spannowsky, JHEP 1210 (2012) 112, Phys.Lett
B728 (2014) 308; J.B. et al, JHEP 1304 (2013) 151; etc. ]

See also ATLAS/CMS first analyses;

P I M,
140 160 180 200 ATLAS sees small 2.40 signal at 8 TeV
M, [GeV]

1086700120
[ ATLAS, PRL 114 (2015) 081802; CMS, arXiv:1503.041 H]
Remark: gg — HH production channel mostly used; HH + 2; (using also VBF process)
analyses have started [Dolan, Englert. Greiner. Spannowsky, PRL 112 2014) 101802 as well as pp — ffHH process

[ Englert, Krauss, Spannowsky, Thompson, Phys.Lett. B743 (2015) 93: Liu, Zhang, arXiv:1410.1855 |

Status of the studies of the triple Higgs coupling in the SM
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Where to look for HH production? production cross section small
= use min. one H — bb decay channel to retain some signal, £ = 3000 fb—!

+ L s s s B L L R
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E i
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1]
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F Yy Zy
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LHCHIGGS XS WG 2013

200

3 interesting final states a priori:

w bbW(— £v)W(— 2j): difficult but might be
interesting with MVA techniques

II’Apuc!\ml]mm_ Lin Yang, Zurita, PRD 87 (2013) 011301 ]

w bby~y: rates very small, lots of fake photon
identification, but promising! [Baur, Pichn,
Rainwater, PRD 69 (2004) 053004; J.B. et al, JHEP 1304 (2013) 151;
Barger, Everett, Jackson, Shaughnessy, Phys.Lett. B728 (2014) 433;

Azatov, Contino, Panico,Son, arXiv:1502.005 ‘x‘)]

w bb77: rates small, but quite promising
[Barr, Dolan, Englert, Spannowsky, JHEP 1210 (2012) 112, Phys Lett
B728 (2014) 308; J.B. et al, JHEP 1304 (2013) 151; etc I
See also ATLAS/CMS first analyses;
ATLAS sees small 2.40 signal at 8 TeV

[ ATLAS, PRL 114 (2015) 081802; CMS, arXiv:1503.041 ]-1]

Remark: gg — HH production channel mostly used; HH + 2j (using also VBF process)
analyses have started [Dolan, Englert. Greiner, Spannowsky, PRL 112 2014) 101502 as well as pp — (fHH process

[ Englert, Krauss, Spannowsky, Thompson, Phys.Lett. B743 (2015) 93; Liu, Zhang, arXiv:1410.1855 |

Status of the studies of the triple Higgs coupling in the SM
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Triple Higgs coupling sensitivity in the production
UNIVERSITAT
channels TUBINGEN b4
How sensitive are the three main channels to HHH coupling?

m VBF mode is the most sensitive channel
u Identical shape when increasing the energy but reduced sensibility (for total Xsec)

. o(pp - HH + X) /oM
o V5 = 8 TeV, My = 125 GeV
30 - 1

gg — HH

-5 -3 -1 0 1 3 5
Asere /A

[.l.li. et al, JHEP 1304 (2013) 151; see also Djouadi, Kilian, Miihlleitner, Zerwas, Eur.Phys.J. C10 (1999) 45- }‘)]

In gluon fusion: interference behavior between triangle and box independent on the collider
energy and maximally destructive = damps the trilinear coupling [bicus, Kao. Repko. arXiv:1504.0233

Status of the studies of the triple Higgs coupling in the SM
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channels TUBINGEN
How sensitive are the three main channels to HHH coupling?
m VBF mode is the most sensitive channel
u Identical shape when increasing the energy but reduced sensibility (for total Xsec)

40

U(f)p — HH + Xj/USM |

35
o V5 = 14 TeV, My = 125 GeV

gg — HH

SM
Asere /A

[.l.li. et al, JHEP 1304 (2013) 151; see also Djouadi, Kilian, Miihlleitner, Zerwas, Eur.Phys.J. C10 (1999) 45- }‘)]

In gluon fusion: interference behavior between triangle and box independent on the collider
energy and maximally destructive = damps the trilinear coupling [bicus, Kao. Repko. arXiv:1504.0233
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Triple Higgs coupling sensitivity in the production
UNIVERSITAT
channels TUBINGEN b4
How sensitive are the three main channels to HHH coupling?

m VBF mode is the most sensitive channel
u Identical shape when increasing the energy but reduced sensibility (for total Xsec)

40 . . . . .
.l o(pp - HH + X) /oM
V/s =33 TeV, My = 125 GeV

30 1
gg — HH

25 qq — HHqq - 1

20 L qq -+ HHW —— |
qq —+ HHZ -----

15 4

0
Asere /A

[.l.li. et al, JHEP 1304 (2013) 151; see also Djouadi, Kilian, Miihlleitner, Zerwas, Eur.Phys.J. C10 (1999) 45- }‘)]

In gluon fusion: interference behavior between triangle and box independent on the collider
energy and maximally destructive = damps the trilinear coupling [bicus, Kao. Repko. arXiv:1504.0233
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Signal analysis in bb 77 final state i

Jet substructure analysis, the major improvement : fatjet analysis with boosted kinematics
to distinguish in jet substructure the signal from large QCD backgrounds

[Butterworth, Davison, Rubin, Salam, PRL 100 (2008) 242001]

the idea: define a large cone size (“fatjet”) and then work backward through the jet to define and
separate softer subjets

Cut strategy: kinematic acceptance cuts + boosted topology cuts + Fat jet cuts

Results with a SHERPA/MADEVENT+HERWIG++ simulation:
S/B ~ 0.5, 95 signal events for 1000 b1 [Dolan, Englert, Spannowsky, JHEP 1210 (2012) 112]

o Adding one jet in the final state (khj — bbT7j): with the same techniques, S/B ~ 1.5

Status of the studies of the triple Higgs coupling in the SM
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Signal analysis in bb 77 final state i

Jet substructure analysis, the major improvement : fatjet analysis with boosted kinematics
to distinguish in jet substructure the signal from large QCD backgrounds

[Butterworth, Davison, Rubin, Salam, PRL 100 (2008) 242001]

the idea: define a large cone size (“fatjet”) and then work backward through the jet to define and
separate softer subjets

Cut strategy: kinematic acceptance cuts + boosted topology cuts + Fat jet cuts

Results with a SHERPA/MADEVENT+HERWIG++ simulation:
S/B ~ 0.5, 95 signal events for 1000 b1 [Dolan, Englert, Spannowsky, JHEP 1210 (2012) 112]

o Adding one jet in the final state (khj — bbT7j): with the same techniques, S/B ~ 1.5

e With the addition of kinematic bounding variables: 60% accuracy in trilinear Higgs
coupling determination at 3 ab ! [Bur. Dolan, Englert. Spannowsky, Phys.Lett. B728 (2014) 308]

Status of the studies of the triple Higgs coupling in the SM
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I Signal analysis in bb 77 final state W @
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Jet substructure analysis, the major improvement : fatjet analysis with boosted kinematics

to distinguish in jet substructure the signal from large QCD backgrounds

[Butterworth, Davison, Rubin, Salam, PRL 100 (2008) 242001]

the idea: define a large cone size (“fatjet”) and then work backward through the jet to define and
separate softer subjets

Cut strategy: kinematic acceptance cuts + boosted topology cuts + Fat jet cuts

Results with a SHERPA/MADEVENT+HERWIG++ simulation:
S/B ~ 0.5, 95 signal events for 1000 b1 [Dolan, Englert, Spannowsky, JHEP 1210 (2012) 112]

o Adding one jet in the final state (khj — bb7j): with the same techniques, S/B ~ 1.5

e With the addition of kinematic bounding variables: 60% accuracy in trilinear Higgs
coupling determination at 3 ab ! [Bur. Dolan, Englert. Spannowsky, Phys.Lett. B728 (2014) 308]

e With kinematic acceptance cuts + boosted topology cuts only and more optimistic M-
window: [15 eral 1HEP 1304 (2013) 151]

Optimistic expected significance at 14 TeV, £ = 3000 (300) fb—!:
S/vB = 9.37 (2.97), 330 (33) signal events
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Signal analysis in bb~~ final state

UNIVERSITAT
TUBINGEN

» Parton level analysis in 2013: Pythia 6 + rough detector simulation (Delphes) for fake
photons, kinematic acceptance cuts + boosted topology cuts [1.8. eral, JHEP 1304 (2013) 151]

3 F — gg— HH 2 o1eF — gg—HH
S 007 bbyy e ™ — bbyy
£ F —pp—HZ o 014F ——pp—HZ
S 0.06 —pp—tiH % o —pp—tiH
3 E 0.12f]
2 o0sF 2 F
£ 0.1
0.04— fl
E 0.08H
003 o06f
0.02 004
0.01— 0.024
00 200 300 400 500 600 700 % 50 100 150 200 250 300 350 _ 400

[ Pr GV
Expected significance at 14 TeV, £ = 3000 fb—! : §/ /B = 6.46, 47 signal events;
down to 13 events with a 0.64 photon efficiency + more sophisticated evaluation of the
background [ Azatov. Contino. Panico, Son, arXiv:1502.00539]

» BDT analysis in 2014: improved significance and probe of Ay within 40% uncertainty at
LHC 14 TeV with 3 ab~! [Barger, Everett, Jackson, Shaughnessya, Phys.Lett. B728 (2014) 433]

» Beyond LHC: at 100 TeV VLHC 40% (10%) accuracy on A\gypy expected with £ = 3(30)
ab ™! [Bare Dolan, Englert, de Lima, Spannowsky, arxiv: 14127174 ]; see also a Snowmass study at 33 TeV LHC and
100 TeV VLHC | vao, arxiv: 13086302 and a very recent study claiming a reduced 30% accuracy on

Agrn at VLHC with 3 ab ™! [ Azacov. Contino, Panico, Son, arxiv:1502.0053 |
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I Signal analysis in bbW(— £v)W(— jj) final state

[Papaefstathiou, Yang, Zurita, PRD 87 (2013) 011301]

Parton level analysis: MADGRAPH using gg — HH matrix elements from HPAIR, HERWIG++
and ALPGEN for background processes, rates normalized to (N)NLO total cross section

Cut-based analysis with jet substructure technique, improved with BDT multivariate

analysis + specific cuts to this channel, e.g. pr .z > 240 GeV and my, > 65 GeV (hadronically
decaying W)

~0.2 x 3.5 - : —
I Signal (test) « Signal (training)
E pT,h] >240Gev  Eihhx5 g 3 H7) Background (test) « Background (training)
g S E 2
e =25
o =N
° a4 2F
0.1 E
15 e
1E
0.5 e
0 0 Rl
0 20 40 60 80 100 -0.8 -02 0 02 04
m,,, (GeV) BDT response

promising result of S//S + B = 2.4 with 9 events at 600 fb—1
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I More improvements

u Using ratio of cross sections: similar structure for higher-order corrections in
o(gg — H) and o(gg — HH) = uncertainties on their ratio Cyy much more reduced

AP Cyy =~ +2%, APPY Cyy ~ 2% [Goertz, Papactstahiou, Yang, Zurita, JHEP 1306 2013) 016]

Very promising confidence interval of ~ +30%/ — 20% on the reduced triple Higgs

coupling A = Ay / )‘IS{%\{/[H when the three previous search channels are naively combined

u New in 2014: 4b analyses!
a with jet substructure analysis, set a 95% CL limit X<12at3ab!
[ de Lima, Papaefstathiou, Spannowsky, JHEP 1408 (2014) 030 ]
= sophisticated BDT analysis including PS = 1.80 (2.1¢) significance at 3 ab™!
for an efficiency b-jet misidentification as ¢/7-jet of 20% (10%), 240 events

[ Wardrope et al, arXiv:1410.2794]

u 4W — 3625 + ﬁr channel: full hadronic study (PS + detector simulation) at 14 (100)
TeV, 1.80(130) sensitivity, 50% accuracy on Agpg at 95% CL [Li, Li. Yan, Zhao, arXiv:1503.07611]

a Rare decay channels at 100 TeV: newest analysis 3 days ago including notabely
bb(ZZ — 4£) and bb(WW — 202v)
S/B ~4/0(10) at 3 ab~! for 7Z, S/B ~ 0(10)/0(100) for WW [papicistathion. ariv:1504.0462]
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I Conclusion and outlook

HH production at hadron colliders: MR
Major goal for the LHC run II and the future VLHC collider

u Major news since 2012: a Higgs boson has been observed, now it is time to solve the next
big question: is it standard or a first window on BSM physics?

u The SM Higgs frontier at the high luminosity LHC: the measure of the triple Higgs
coupling to probe directly the scalar potential

u HH production status: all main inclusive production channels known at least NLO, even
NNLO for double Higgsstrahlung and gluon fusion, theoretical uncertainty in the range
10 — 30%

u The big issue in HH gluon fusion: (N)NLO corrections only in the effective approach,
still sizable uncertainties => complete 2-loop calculation for gg — HH is awaited (stay
tuned!)

u HH Parton level analysis: jet substructure technique is the 2013 major improvement
bb77 channel really promising even already at £ = 300 fb—!
bb~y~ may also be very interesting at £ = 3000 fb—!
bbW(— £v)W(— 2j) shows good prospects with multivariate analysis at 600 fb—!

u The VLHC search: 2014 and 2015 have seen analyses for a 100 TeV VLHC machines,
rare decay channels may be valuable at such energies for 3 ab—!

Outlook
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More details on the analyses presented Wi @
TUBINGEN
u Signal analysis in bb7T7:
Main backgrounds considered:
» continuum production: pp — bb7T; b v, bt~ Dy (mainly from f production)
» ZH — bbTT production

Define the subjet separation in the fat jet: using mass-drop condition,

L R 2 AR2
mj, < 0.66m; & Inln(p”-l ,pTJz)/mj AR; ;, > 0.09

7 reconstruction efficiency of 80%

w Signal analysis in bby~:
Main backgrounds considered:
» continuum production: pp — bby~y
» 7H production with H — ~~ and t — Wb decays, ZH — bb~~y production
Framework: Pythia 6 using gg — HH matrix elements from HPAIR, rates rescaled to
(N)NLO through K—factors, tag efficiency of 70% (b), fake photons with a rough detector
simulation (Delphes)

w Signal analysis in bW (— Lv)W(— jj):
Main backgrounds considered:
» largest background: pp — ff with semi-leptonic decays
» W(— £v)bb + 2j production, H(— WW)bb production and H + jj with misidentified jets

Backup
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