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> Higgs Pairs Produced via gluon

fusion

> TWO competing cliagrams interfere
greatlg im Pac’ti ng the total cross

section

» Cross section evaluated ancl events

generatecl:
» Coded ggh and gghh vertex in

1000
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» NNLO K-factors %

=

hhh s

» Strong clepenclence on A £
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b
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Interference imPac’t

lmaginarg component for high

invariant mass

Amplitucle zZero Possible for My, < 2my

| ocation of ampli‘cucle zZero

clepenclent on \thh

» May offer future test of \Ph

Both Mpp, and pr(h) distributions

reﬂect tl’]CSC features and imPact the

final cuts and hh search sensitivit9
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ABHR= 1 x ABR
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Kinematic distribut

Ions

600 A S iy s ]
f LHC14TeV | 4o
5501 A T d Mhn
[ 7\
i
L 7 1
500+ ,/ ! R
[ !
B 1
L8 r I
> 450f B8 . ]
> i 0.02
g L /" .;:' B e el i
£ 400[ i ST ]
E L ',",' e 0.04
[ il PSR S e S _
350f ‘_,."/ ,/' MR T d
o 0.06
[ " et e e e s e e e S e o T S SEO T
300 - 'I ".’,"" il
r I' 'l.l..
% 0.10
250+ RSB e T B R E
e 5 S 0P S S R )
250F : A Rt e o
I 2 LHC 14TeV | goy,
/ 1 iy S e P
ot own dpy (h)
Fosc 1
200+ ° mo |
e )
e b 0.02
e R A e LR ah s
t R A e S R e T R e i L il SRR
S 150 o 34 s 1
S e TR 0.04
< o R A e S R e
— e AE s
6 L S ||¢' oo 2
< 100L e 7 ok 006 ---------- ,
l" 4 0' ---------
'I Io"'
BT
Al
R H
S e s 1
,/ \\"._ __________________________________
-7 Ualorpnent ot ara = 2 ERARLY oWl S Tl i A
i S e AT TR L L e T D)
(S e R e o ‘
0 5 10 15 20

ARG



» We explore thebbyy channel
» Other channels not considered include poWw W~ (low signiﬁcance)

and bbr T (high multije‘c background) P iy ot Sk gg—hhobbyy
Cut—based
E’)ackgrouncls considered: 0.50r 1
o h—bb reco.
» Irreducible pp — bby~y e
pp— Z +h — bb+ vy e D R
_ & 2 0.10
» Reducible pp — bb+ jj — bb+ vy S e e e

pp > tt+h — bbbl U + vy
All cuts

> Applg aPProPriate tagging and mis~tagging rates 002/

I e T e i e s o e, S e e o e ot = S Lo st

ARpp by > 04 pr(b) > 30 GeV : e 20
| Mpp — Mp| < 12.5 GeV Final signal acc:eptanc:e has strong
My — Mp| <5 GeV dependence on value on A"

pr(bb), pr(yy) > 100 GeV My, > 350 GeV

Bag’fo. D)ouac[i, (,]l‘obc%r, N\L,Jh“(‘/lf’ﬂt‘,ﬁ

Quevillion, SPim 1212.5581
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> lmprovement found with multivariate analgsis

- Define the Discriminant

[T, 6:5(0;)
eSOl o Bt

- Observables going into the discriminant (togglecl to maximize signiﬁcance)

N events / bin

6= {Mbg’y’w Mb(_)y M'y'y;pT(bB)va(fny% ARbl_ﬁ AR’V'V}
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> Signiﬁcance defined as
S:2<\/S+B—\/§>

b less Prone to clownwarcl bk : ﬂuct.

. Marked imProvement for low signal

cross section regions

» When signal dominates, MVA offers

little benefit over Cut-based aPProaclﬁ

> Signal from largc scalar coupling IS

Possible even in 8 TeV data!

Bartsch and Quast
CERN-CMS-NOTE-2005-004 20 L

Significance

—_—
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)
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» Once signal is detected, the scalar
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> Large coupling deviations could be

measured with 20% uncertaintg

Pheno 2014



Resonant Procluction in the 2HDM
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Resonant Procluction

Resonant Procluction oOCcurs through

heavg Higgs sector

Dramatic increase in Procluction rate
for Mg > 250 GeV

AdoPt 2HDM-II and trade scalar

coul:)lings for masses

2HDM has additional comPlicationS:
» Perturbative unitarity

» Bounded scalar Po’cential

» Direct searches for Hea\/g Higgs

Given LHC measurements on h, Vector

]DOSOI"\S somewhat ClCCOUPlCCl

. Golden window where large BF(H — hh)

expectecl: 2mp < My < 2my

V. Barger, L. Everett, C. Jackson)
A. Peterson, GS, 1405.xxxx
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Resonant Procluction reac:h

4 Scalar COUPIiﬂg measurement O‘F

\hH Possible in 2ZHDM, even near Preliminary
thC ClCCOUPIing Iimit 3 cos(B-a)=0.02 LHC 14 TeV Sleos(B-0)=005 s LHC 14 TeV
[ Meosmy 3 M=OSMy ;:
: e s 3 Ry : s
» Discovery contours closelg match 2l s g2l 2 s £
! I g
BF(H — hh) near the clecoupling sl : s,
limit 05; : ) ; Z
> Begond c:lf:c:ouplinglimi’cJ scalar E X : a :
l, 4 oz 200, —5%0. 1000 — 300 — 5;50.: ' 1000.
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)\hhH =cg_q 4M? — Qm% = MI2{ % C%%—a 2 cot 26(3M2 = Qm% o M12—I> 5‘:cos(ﬂ-a)=o.1 LHC 14;0"1 5'icos(ﬂ—a)=0.2 A / LHC14T
g g | St w3 AR My T 3
1;)6 3 i i 1.596 3 :,:' i
» Longterm L HC Run-lI data Poisecl T § T 3
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. Excellent reach for & 1) , = R / | $
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Resonant Procluction reac:h

4 Scalar COUPIiﬂg measurement O‘F

\hH Possible in 2ZHDM, even near Preliminary
thC CICCOU le g Ilmlt ':co;flxjt—&);;).oz LHC 14 TeV 5"co}sﬂ(€(—)‘?7uoos LHC 14 TeV
[50 I%,:gn;illlgéilly (i) g 50 liéﬁi?géfly (fb ’x’)l,,»\\ zg
» Discovery contours closelg match ob w7 2l 2 Mo :
N = 2
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> Begond clecoupling limit, scalar 2 2 ; :
s , 0 200. 500. 1000. o 200. : = 500. 1000.
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Measuring scalar coupling IS
necessary to cletermine nature o1C

the Higgs sector

» The bbyy channel Provicles
20-60% uncertainty measurement
on \hh ]33 end of LHC Run-]

SM coupling measured at
the 40% level

hhh

measured/ ASM

Ahhh
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> Measuringscalar coupling IS 10— | | | E—
3 - LHC 14 TeV | Matrix Element Fit i Wy A2
necessary to determine nature of fLdi=3ab A
= o /0.7
’ L ’o" >’ ;’ /’/, o"
the Higgs sector S "‘/,;7,:,'"',,"’
/;;7:,,’//4
[ e N R R GPPT * e/, ‘o+
= 6 i 5'.cos -a)=0.02 LHC 14 TeV 5 cos(B-a)=0.05 LHC 14 TeV
. The bbyy channel Provides éj e S L e
N L 33000 100 i 0 1 i
20-60% uncertainty measurement E Jd T 1. -
=3 r -
SN bg end of LHC Run-I| = T
L 0.5»32 % 05 ;; %
» SM coupling measured at 2l 4 : :
the 4'0% ICVCI = 02t 2 200. ‘ : jw” 500. 1000. 02 = 1000.
0 : 5F cos(B-a)=0.1 LHC 14 TeV 5 -)=0.

» Resonant Pro&uction in the 2HDM i
greatlg improves picture, while N
Providing a measurement of \MhH :

For more on the 2HDM scenario see Andrea Peterson’s talk Tuesd ay in G350 at 3:15
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