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Introduction

Observed Higgs boson very consistent with SM expectations.
Suspect EW sector of SM may not be complete:
» Naturalness, dark matter, etc.

Search for a heavier Higgs-like particle.
LHC started Run 2 at /s =13 TeV.
Accumulated ~ 3 fb~! of usable data in 2015.

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV
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Some models with heavy Higgs bosons

@ Most studied are two simple extensions to the SM:
o Electroweak singlet (EWS)
» New scalar singlet s that mixes with h.
e 2-Higgs-Doublet Model (2HDM)
» Extra Higgs doublet.
» Physical particles h, H, A, HE.
» Parameters:
* Masses: mp, my, ma, myx.
* VEV ratio of the two doublets: tan 3.
* Mixing angle between h, H: «.
* Potential parameter mixing the two doublets: m?,.
Different ways to couple doublets with other particles; most studied:
* Type-l: All quarks couple to only one doublet.
* Type-ll: Up-type quarks couple to one doublet, down-type quarks to
the other.
MSSM is a subset of 2HDM.
Numerous MSSM benchmark models:
* hMSSM, mh'"°d+, etc.

\4
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Denote the 125 GeV resonance as ‘h’; H is a heavier resonance.
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Searches covered

All results from 13 TeV 2015 data unless otherwise specified.

Higgs— VV Higgs — Higgs

H— ZZ — 4 H — ZA — 0¢bb
H— ZZ — tlvv A — Zh — 0lbb/vvbb
H— ZZ — llqq

Invisible Higgs decays

ZH — 04 + (invisible)
H* — tb [8 TeV] VBF H — (invisible)
Ht — v
H/A =TT

H — ~v covered elsewhere.
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Higgs — VV

e H—>ZZ— &
o H—ZZ — vy
o H— ZZ — tlqq

Covered in Garabed's talk

@ Merged channels:
H — VWV — vvqq, lvqq, ¢qq, qqqq

o H— Zy
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CMS
H— ZZ — 4/ Z} [CMS-PAS-HIG-15-004]
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Also tan 3 limits for type-I,1l 2HDM. ATLAS analysis: [ATLAS-CONF-2015-059] J
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H— ZZ — Vlvy

Require Z — ¢4, large EPiss, no b-tags.

Add’l requirements on A¢(Z, E.I’I‘iss) and p{..

Discriminating variable: m7(£¢, EMs).

@ [ATLAS-CONF-2016-012]

VV: MC
WZ: MC normalized to data
Z + jets: data-driven
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CMS analysis: [CMS-PAS-HIG-16-001]
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H— Z2Z — fﬁqq @ [ATLAS-CONF-2016-016]

Merged analysis Resolved analysis
Z — 4; small E{-"iss Z — ¢¢; small E{-"iss; 2j w/70 < mj; < 105 GeV
| -R Z-t d jet 200 GeV -
s Lo 2 o >0y
i Tagged (2b) and untagged (< 2b) categories.

Dominant BG: Z + jets, also tt. )| F

ATLAS Preliminary + oat
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Higgs — Higgs

Covered in Xiaohu's and Andrey’s talks
e H— hh — bbrt
o H — hh — bbvyy
e H — hh — (vlvbb
e H — hh — bbbb

Covered here: analyses involving CP-odd scalar A

o H— ZA — ¢lbb
e A— Zh — (lbb/vvbb
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H — ZA — fﬁbb [CMS-PAS-HIG-16-010]
Selection
Z — U0, 2 b-tags Normalize backgrounds by fitting my,
For different hypothesized ma/my pairs: outside signal region.

rectangular window in mpp/myepp plane.

Limits for my = 500 GeV; also
derived for 300 GeV and 800 GeV.

2.3fb* (13 TeV)

231’ a3 Tev)

EVt/20Gev.
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Data/ MC
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A— Zh— Mbb/m/bb @ [ATLAS-CONF-2016-015]
Selection

Either no ¢ and E{I‘iss
or Z — £¢ and small EMss.

Shapes from MC. Z + jets, tt control
regions included in final fit to constrain

bb either from two small-R jets dominant backgrounds.

(110 < mj; < 140 GeV) if pZ < 500 GeV or a
large-R jet (75 < m, < 145 GeV) otherwise.

Either 1 or 2 b-tags.

ATLAS Preliminary - ga‘azn (o=1131)
(s=13TeV [Ldt=3210"
2lep., 2 2jets, 2 tags l:l“
. . . . . v == Single top
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A — Zh — (lbb/vvbb (2)

Production via ggf

o

Vsk13Tev, | Ldt=32f" =3
\ A—Zh—> Zbb =

95% C.L. limit on 6(A—Zh)-BR(h—bb) [pb]
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@ [ATLAS-CONF-2016-015]

Production w/associated b's
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Higgs — fermions

Charged Higgs production and decay

‘/!m‘* b
, 00000 —————
For my+ > my, production is Decay is dominantly H* — tb. J
dominantly pp — t(b)H™.
N But H™ — 7v can be significant for
© H" —tb high tan /3.
o HY = 1v
Also
H— 711 J
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H* = tb, 7v [8 TeV]

Produced via pp — t(b)Hi. Hadronic channel also
sensitive to tF — bHEbHE, tF — bHEbW.

Thad + Jets (TV): Thad, > 3j, > 1b, no £, angular
separations. Extract limit from my(Thad, E-'l-"iss).
BG: V +j, VV,t — 7: Replace p in p + j with sim. 7

multijet: from data via fake rate; tf w/fake 7 from MC

00 (tb/Tv): 20, 2j, E™S, > 2b. Extract limit from npgag.

BG: From MC.

I Thad (tb/Tv): As above with pT,,q instead of 2¢ and > 1b.
BG: From MC, with fake-factor for misidentified 7,4

£ + jets (tb): £, E{Piss, 2j, > 1b. Extract limit from Hr,
binned in b-tag multiplicity.
BG: Shapes from MC, normalizations float in fit.
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s, |
[arXiv:1508.07774]
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H+ — TV Q [ATLAS:arXiv:1603.09203]

Final state: (t — jjb)bThaav W /Z: shape from MC, norm. to data
> 3j, > 1b, Thag, £ veto, Multijet: From data
Emss > 150 GeV, my > 50 GeV e,p faking 7: MC, validated with data

Discriminant: m7(Thad, ET'*°)
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H/A N T [CMS-PAS-HIG-16-006]
Selection

Channels: TeThads TuThad) TeTwr ThadThad- Z — 71: MC, cross-checked w/Z — ppu.
Candidates are OS and well-separated in AR. W + jets, multijet: From SS and high-m+
TeThads TuThad: NO OS ee or pp pairs. control regions.

mT (€, ET'*°) < 40 GeV (e) < 30 GeV (u). tt: From MC, cross checked in data CRs.

Topological tt rejection in TeT,.
Categorize: O-tag, > 1 tag.

R 231" 13 e ey, 2atiaaTey) 2amiaaTey

3 %[ CMS N . Observed 957 CL Excluded:

S E Preliminary 10°f CMS — pected CMS [J0bserved I + 1o Expected

= F Preliminary P Preliminary -~ Expected - + 20 Expected
£ 0tf 0 [ 10 Expected

2 EMUT, -ta g 102 [ 20 Expected RMSSM Scenario

Z L ]

3

W

95% CL limit on o(ggg)B (@ TT)(pb)
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10° 1 1
i it |
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° 10 10* 107 (Gevy
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32 “fcms ; ; 200 400 600 800 1000 1200 1400
5L 107 10°
\g’ 10°F Preliminary m, (GeV) m, (GeV)
= 10°f =
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5

and other MSSM benchmarks.

B SR i) | |
s | |

10°
me, (GeV)

Also results from associated b production J
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H/A— 17

Selection

Either OS 7yThad (W/Z — ££ veto) or ThadThad-
Select on A¢ and m7 (T, Thad,¢)-
b-veto (0 tag) and tagged (> 1 tag) categories.

tot

Use m%t as discriminant.

(m¥P)? = m%(EF™, 1)+ m7(EF™, 72) + m7 (71, m) )

@i [forthcoming pub.]
5 [ATLAS-CONF-2015-061]

T¢Thad: BG w/ true 7/£ from MC; misidentified

7 /£ from fake-factor method.

ThadThad: Multijet BG from fake-factor method;

other BGs from MC with fake factors applied.

T¢Thad, D-Veto

ATLAS Preliminary —s— oma

Events / GeV

®
S
.
m! [GeV]
T¢Thad b—tag
g ATLAS Proliminary  —e— oea
g

DatalPred

560600 700

Thad Thad b- veto

Events / GeV
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Tias Prellmmary -
13TeV, 3

VA > Tyt
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5
06366400506 665" 706" 800 0 Tooo

ThadThad, b-tag "™

Q

T T T T
ATLAS Preliminary, V§=13 TeV, 3.2 fb, 95% CL limits

H/A - =, gluon-gluon fusion

o

—e— Observed

o xBR(0- 1) [pb]

Tiephaa (EXP-)

= ThadThaa (EXP-)

| | | I
10200 200 600 ~ 800 1000 _ 1200
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E ATLAS Prenmmary Vs=13 TEV 3. 2vb‘

g I .
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Also associated b production.
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Invisible Higgs decays

Invisible decays of scalars is a feature of models with SUSY (LSP) or large
extra dimensions (graviscalar). J

Search for invisibly-decaying heavy scalar. )

Tag production of scalar by associated production with Z or by vector
boson fusion. J

H -

b 4

2
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. .. CMS
ZH — 00 4 invisible é/ [CMS-PAS-HIG-16-008]
Assume H decays exclusively to invisible (LSP, etc). Require Z — ¢4 + Eiss,
Z — 00 w/pZ > 60 GeV, EM > 100 GeV, Z + jets: From v + jets J

veto leptons, hard jets, b-tags. Others: Different-flavor leptons.
Requirements on A¢ and E{I‘iss/p% balance.

. . 2.3fb! (@13 Te
0/1-jet bins. £ T 0 e
o 20 [ ZHetsy Wwtop-quarkpreliminary
= we —zHazs) 0 jet category
2.3 b (13 TeV) .
3 RN E RN R R RN R R R RN R 15 OJet
& | —Observed CMS Preliminary{ 10
P I --- Median expected ZH 2|+Emiss+0/l-jets 1
o I Expected + 1o T 1
o 3 j Expected + 20 i
0 — oM
= L - zH 1 800 1000
E : : m; [GeV]
1 2 j i 10 2.3fb*@A3 Tev)
T % i s = data vwv CcMS
= & Z+jetsly Ww-top-auarkpreliminary
om \ i —zHazs) 1 jet category
X 15\ | .
=t 1 1 Jet
1 i |
g | — T
o TN I e T U P R S ST
150 200 250 300 350 400 450 500 550 600 —
X 20 800 1000
Higgs boson mass (GeV) m, [Gev]
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H — invisible [VBF] [CMS-PAS-HIG-16-009]

Assume H decays exclusively to invisible (LSP, etc). Require VBF jet pair +E™mss.

2j, A?]jj > 3.6, mj; > 1100 GeV

E'* > 200 GeV, no ¢, Z — u; single-e, u, or 7;
H miss . i .
A¢(j, ET™) > 2.3 min Ap(EPss, j) < 0.5
2.3 b (13 Tev)
ges oms S8 it
& 30F Preliminary . EWK W by Norm. BG by fitting to CRs; result from
To| . .
W Sodo counting experiment.
20 =V
Bl QCD Z vy

15| Bl EWK Z vy
1 Signal 2.3t (13 TeV)
5k +_ 8 CMS 95% CL limits
o2 . 2 Preliminary Observed limit
©oan i E VBF® . invisible - Expected limit
3 g =g [ Expected limit (10)
2.3 bt (13 TeV) 3 ® TSMH Expected limit (20)
D: D
cMs ot w- v ° % Oyer (SM)

EEEWKW . Iv
3 Top

%o 200 300 400 600
m, [GeV]

1500 2000 2500 3000 3500 4000
M; (GeV)
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Total Integrated Luminosity [fb?]

Summary

@ Many searches, many channels ...
> ... leave no stone unturned!

@ No signal from 2015 data.

@ But accumulating more data rapidly.
> Already have ~ 10 fb™! of data recorded — more than all of 2015!
» Expect first results from these data at ICHEP.

@ Stay tuned!

16 r r r T r v v CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV
[ ATLAS Online Luminosity ~ {s=13Tev Data included from 2016-04-22 22:48 to 2016-07-05 21:04 UTC
£ i 12 12
145 [ LHC Delivered = .| B LHC Delivered: 11.02 '
12F [J ATLAS Recorded 2., [ CMS Recorded: 10.06 i’ 1
E >
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8 E
F 3
E 6 6
6 2
C 2
4 g, a
| o
£ ]
[ c
2: - 2 2
oL g
22/04 30/05 08/07 = o
; IR I I I I R R T
Day in 2016 2P PSSO oS S R R ART R T R EN

Date (UTC)
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H— ZZ — 4/ Q [ATLAS-CONF-2015-059]

Selection based on my, = 125 GeV analysis

> AN AN DAL SR AR R 5 10 e g

102 L ATLAS Preliminary .= o0 , - 125 GeV) § [ ATLAS Preliminary - Expected ]

< H— ZZ* - 4l o E T r _‘ —Observed 1

@ 13TeV, 3.2 " m]v,\}vv 1 N [ 13TeV,3.2f [mEa 1

g 10 % Uncertainty | Nr FS 577254 [+20 E

Lﬁ % g’ 10 —
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X |

1 E o 1

E c 1

] o L 4

107" E g 1k
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i o F p

o L i

—2 s b b b b by by by
10 200 300 400 500 600 700 800 9001000 200 300 400 500 600 700 800 900 1000
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CMS
H — 4/ Z [CMS-PAS-HIG-15-004]

2.8 (13 Tev) 2.8 (13 Tev)
[ca [ca
% CMS 2HDM Type |, cos(B-a)=0.1 % CMS 2HDM Type II, cos(B-a)=0.1
= Preliminary My = My = My, + 100 GeV = Preliminary My = My = M, + 100 GeV
19 19
8 8 8 8
7 77 Obs. 95% CL limit o 7 77 Obs. 95% CL limit o
6 8 6 8
[ e Exp. 95% CL limit ~ S S Exp. 95% CL limit ~
4 % H-ZZ - 4] (HIG-15-004) 4 % H-ZZ - 4] (HIG-15-004)
3 Non-perturbative region ) 3 Non-perturbative region )
2 ‘%Vk 2
I Ma e 1
50 200 250 300 350 400 450 500 50 200 250 300 350 400 450 500
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CMS
H— 7 — vy [CMS-PAS-HIG-16-001]

Require Z — 44, E_lr_"iss > 125 GeV, no b-tags. | Exclusion of SM-like heavy Higgs as fcn. of my
3 categories: 0 jet, > 1 jet, and VBF. 2] e o7 VET momliinee. J
(VBF: 0 cent, 2 fwd jets w/An > 4, m;; > 500 GeV)

2317 (13 Tev)
7

Discriminating variable: my(€¢, EMs*). £ 0.0 Eiminary 2? Observed
VV BG from MC; Z + jets modelled by Z + ~. 108
CMS  Preliminary 2.3 (13 Tev) : EXpeCted
+lo

10
500 1000 1500
M, [GeV]

Interpret as EWS with mixing parameter C’. J

2.3 (13 Tev) 2.3 (13 Tev)
a10° ot 3 S10°F T B Secbo T ol
= < Preliminary ce10 ~cm0 —ceo
N NoE cw05  ~c=p  —c-0s
710 710 c01 ~cw1 —c-017g
VBF
o o
10° 10° E

ATLAS analysis: [ATLAS-CONF-2016-012]

=
9,

1 1 | 1
500 1000 15( 500 1000 1500
M, [GeV] M, [GeV]
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H — VV — XXqq (merged)
vvqq

No ¢; E.’lf‘iss > 250 GeV; Z-tagged large-R jet
p?iss > 30 GeV; angular requirements
BG: W/Z + jets, tt (shape MC, norm data)

Events/ GeV

=2 Tev
total uncertainty

vvqq

Data/Sh

500 1000 1500 2000 2500 5000 _ 3500
m, [GeV]

qq949q

Emiss < 250 GeV; 2 W /Z-tagged large-R jets
0 ¢; pr,j1/2 > 450/200 GeV; other topo req.
BG: multijet (analytic fit)

£Lqq similar to previous slide.

lvqq

[ Yo% ¢
Q [arXiv:1606.04833]

1¢; EMiss > 100 GeV; W-tagged large-R jet
pr,y and pr g, > max(200 GeV,0.4my, );
Veto on b-tag close to J

BG: W + jets, tt (shape MC, norm data)

Events / GeV/

Events/ GeV

ATLAS
VS =13 Tev, 3.2 ib™

E RS
—
E G*-wWw Ivaa

506 1600 1560 2660 3560 ES 5200

VE=13 Tev, 3.2 b
G*—VV-.qaaq

o

m,, [GeVi
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H — XXC]q (merged) (2) Q [arXiv:1606.04833]

Set combined exclusion limit for narrow scalar
resonance to VV.

> 03[ arLAs

= L B e e A R A g Vs=13Tev, 32167

= FATLAS —— Observed CLg limit < R

S 10gfs=13Tev.32f"  ...Expected CLg limit S 02

>1 E [ Expected + 1o

E [1Expected + 20

T -----Scalar Singlet (NDA)

3 -.... Scalar Singlet (Unsupp.) 0.1

1 .

R

° F 00}

107 T i
10°E -0.1 )
E Scalar-VV (vqq + llgg + waq + qqqa) ... 3 [ T e
coe Lo e Lo Lo ey
500 1000 1500 2000 2500 3000
-0.2
Msearer [GEV]
0 -0.3 !

Interpret as new heavy neutral scalar: e 3 00 05 o

A: energy scale culA [Tev]

cy: Coupling to SM Higgs.

c3: Coupling to gluons.
Use naive dimensional analysis (NDA) and
unsuppressed benchmarks
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H— Z~

9 [ATLAS-CONF-

Also Z — jj using large-R jets (p7 > 250 GeV)

2016-010]

Plot m(Z~); fit background outside signal region with an analytic function.

Limits for narrow signal width.

—

Z — ee, pL 4y

> 10°g T ——— T - - 5

[y E ATLAS Preliminary 3

o b e Data

10 Background-only fit, b

2 Vs=13 Tev, 3.2 fb™

= 1

5

=4

) H *
10 o
1072 L L L L L L ]

2906 400 606 800

1000 1200 1400 1600
m,, [GeV]

ATLAS Preliminary
.

10 Z-.eepp

pp-X-2y

(s=13 TeV, 3.2 fb*

ATLAS Preliminary

95% CL limit on o(pp - X) x BR(X - Zy) [fb]

Data ? Observed E

Background-only fit, b [ eeeeees Expected ------- ]

V5=13 Tev, 3.2 fb™ [ -:igz; i 1
5001000 1500 2000 2500 3000

m, [GeV]

E CMS analysis: [CMS-PAS-EX0-16-019]

J

1500

Scott Snyder (BNL)

2000 2500 3000

m,, [GeV]
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H— Z~
Z — ee, uph +y

Plot m(Z~); fit background outside signal region with an analytic function.

[CMS-PAS-EX0-16-019]

CMS Preliminary

2.7 b1 (13 TeV)

%\ = T T
S + Data
< "
N 10 — Fit
) E Uncertainty
5 C
o
1E
E ee
. B . . .
& AT
= OBttt Ldlardst L LTI LTI LT LTSI LTI LTI IL]
& £IMEET50dbd N Bl
£ -aft T
= 2
200 400 600 800 1000 1200 1400
M(e'ey) [GeV]
CMS Preliminary 2.7 fb1 (13 TeV)
102 T 7 T T T
-
(O] + Data
s — Fit
= Uncertainty
g
i}
‘\ ‘\
. Y +
TTUTWH JURNNRBERNNRNRARARRRARNRRNNNNI
860 1666 12060 1400

Scott Snyder (BNL)

MU 1Y) [GeV]

High-mass Higgs searches at ATLAS and CM

Limits for two signal widths.

95% CL UL on 0 x BR(A-Zy) [fb]

cMs Prellmlnary 2.7 bl (13 TeVv)
300 T T T T
W = 0.014%
250
—— Observed
200 5 expected *+ 10

~~~~~~~ Expected * 20

I I I ! | 1 1 1
0400 600 800 1000 1200 1400 1600 1800 20
Resonance Mass [GeV]

600 T T

CcMS Prellmlnary 2.7 bl (13 TeV)
T T T

W = 5.6%

—— Observed

95% CL UL on g x BR(A- Zy) [fo]

EEE expocted + 10
~~~~~~~ Expected * 20

I I I | | i
0400 600 800 1000 1200 1400 1600 1800 2000
Resonance Mass [GeV]
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CMS
H s hh — bbrr s e 1501

3 channels: TeThad, TuThad: ThadThad-

. Z + jets: MC shape, normalized to pu data
Selection Multijet: From SS data

2 OS 7's; 2 b-tagged jets tt + other: MC

80 < mrr, mpp < 160 GeV Signal model: Narrow CP-even

resonance decaying to hh

Discriminant is m,,pp; found from a
kinematic fit.
2.7 b1 (13 TeV)

= 10°F
CM bb 1T, e Data
@ preliminary channel [ tt
QCD
o Drell-Yan
mm Other bkg.
2aa bkg. uncertainty
m,, = 800 GeV
—— m,, = 450 GeV
—— m,, = 300 GeV
O(PP + H) X BR (H -~ hh) = 10 pb

2.7 b (13 TeV)

; BB BB 55
FCMS HE % TiTh
preliminary combinied channel:

=
o

[N

._‘
2

—— Observed CLs
--e-- Expected CLs
B Expected + 1o
----- Expected + 20

95% CL limit on 6(pp ~ H) x BR (H — hh _ bbr) [pb]

! .
300 400 500 600 700 800 900
m, [GeV]

ThadThad More sensitive at lower my.

._.
2
5

300 400 500 600 700 800 900 1000
Kinfit
mg™ [GeV]
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H — hh — bbvy~y

Selection

2 ~; exactly 2 b-tagged jets

|myy —my|/2 < 0(my,) [1.55 GeV]
95 < mpp < 135 GeV

Final window cut in m.p, around
each hypothesized mass keeping 95%
of signal (width 20-50 GeV).

T T T
ATLAS Preliminary Di-Higgs

>
3

54 1

o fs=13TeV,3.21b" Single Higgs

g 5[~ 2-tag signal region e Continuum Bkg.
£ — Sum

5

A + Data

©

MR i
T w

20 130 140 T 160

Data - Fit
n

110

Non-resonant search not covered here.

Scott Snyder (BNL)

High-mass Higgs searches at ATLAS and CM

[ATLAS-CONF-2016-004]

signal
FRegion

£B

¥y

I A -

2my £h,,,

my

From data using sidebands in m,,
and M~y bb-

Extrapolation to signal region
derived from O-tag sample.

T 24p T . . .
‘% 22 ATLAS Prellmlnary —— Obs. limit E
5 oL f=13Tev,82f" - Exp. limit 3
o E [ Exp. limit 1o, 3
u& b3 [ Exp. limit +20,,,
o 165 E
& 14f 3
E 12 3
(—_‘) 10 ? E
® 8 E
3 e E
4 3

2k 3

Il Il Il Il Il Il Il
280 300 320 340 360 380 400
my [GeV]
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CMS
H — hh — /vlvbb Z} [CMS-PAS-HIG-16-011]
Selection
2 OS leptons; 2 b-tagged jets
BDT trained at my = 400 GeV (for Fit BDT output to signal+bkg
m < 450 GeV) or my = 650 GeV. model in 4 bins: signal region plus
BDT variables BDT/mj; sidebands.

mgee, ARy, ARy, Ay jj, prt, pb,

CMS Preliminary 2.30 fb* (13 TeV)
T

A
QU

= B B B B I BRE R R mEEE
H = C ! —e— Observed 95% upper limit ]
g F 1 E
min ARy, Mr s f - ]
] L ! Expected lmit = 1 std. deviation ]
1 ' Expected limit £ 2 std. deviations
CMS Prel\mmary 230 |b1(13 TeV) T L ! B
& = T T T
g E T |
3 C + Daa - < I - -
S wf uu+ee+pe+eu channel o meran SN 3 radion (A=10 TeV, kL=35) |
g B T2 400 Cov M Sale o0 <10 E ! 2HDM, tan=0.10, cos((-0)-0.10 E
] £ A = E i m,,=0 GeV, m =125 GeV, m, “m=m |
a £ S C : e Typel " » il
100~
= 1 r - Typent ]
wf s T 1
E ) L
o ) P
F 242
£ 2 L : _
o 810° ¢ ] ]
E c £ ‘ : 3]
20— ° . ',l. \:\ 4
C E r i 4
o = r ; 4
9 1a F W — : . 1
= 12 > i . -
R HHLT;Q;*%H“*&[H . > A I A T S B SO
11 1
o6 (et — | i 200 300 400 500 600 700 80(9 900
06 04 0z o 02 04 06 Spln
60T outp (GeV)
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H — hh — bbbb B casosoeren

Resolved: 4 b-tagged small-R jets Multijet: Norm. 2-tag data to 4-tag CR
Boosted: 2 large-R jets w/3 or 4 tt: Normalize MC to CR J
associated b-tagged track jets

tt veto 16F- ATLAS

>
3
. = 1 E:lBTeV,vEIZfb"
Mass-dependent requirements on p; of T S o, i
jet pairs/large-R jets. gt = s

S Syst+Stat Uncertainty
-------- G*(800) k/M, = 1.0

2 2
mp —124GeV + mpp—124GeV <16 .l
0. 1mh1 0.1 mpp : h=3 J
JR
L W e T
s b RSN on shih | | I
= 300 LS g 400 500 800 1000 1200 1400
3 E K] m,, [GeV]
s 250 Q = 10°g T T T T E
.,.E-—, F ; =, E ATLAS N —e— Observed Limit (95% CL) I
2000 £ g £ s=13TeV,3.2®% ... Expected Limit (95% CL) |
E < g 10°= I Expected +1o -
£ i 7 E Resolved | Boosted Expected +20 El
150 s F E
C T 107 El
100/ - £ ]
C a 10 3
C S E 3
50— 53 = 3
E | L L L L 1
oL L L L L L o ]500 1000 1500 2000 2500 3000
0 50 100 150 200 250 300

mised [GeV] )
Non-resonant search not covered here. CMS analysis: [CMS-PAS-HIG-16-002] ]
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H — hh — bbbb [CMS-PAS-HIG-16-002]

4 b-tagged small-R jets

Low mass (260-400 GeV): Fit curve to mpppp from sideband
op =17 GeV regions.

High mass (400-1200 GeV): J

2.3 %13 Tev)

Eoms ., Dot in s

Oph = 23 GeV

2 2
mp —115GeV mpp—115GeV
| (o)’ (o)’ o,

2.3 b (13 TeV)

Events/ 20 GeV

< 300

3 CMS -
= Preliminary >

£ 250 N

© Medium

266 660 800 1006 1200 1400 1600 1800
my (Gev)

2.3 b (13 Tev)

= cMvs Expected Upper Limit
=5 Preliminary e Expoctod & 10
=
100 =
=)
=
7
=
50— 5
r =
£ 5
F &
o | | | | L =3
o 50 100 150 200 250 300
M, (GeV)

I I I I I
266 00 500 500 7666

m, (GeVv)
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H — ZA — (lbb

10?

10

1

my = 300 GeV

2.3 b (13 TeV)

E CMS m, = 300 Gev.
£ L cL. Observed
C . — - CL, Expected

Preliminary = = 1'std. deviation
L [ + 2 std. deviation
E 3 o,, (tan p=0.5)
E =3 o, (tan B=1)
E 223 o, (tan B=15)
E 2HDM type-l
[ cos(B-a) = 0.01

Lo bovn b b b b b b s

40 60 80 100 120 140 160 180 200

Scott Snyder (BNL)

m, [GeV]

[CMS-PAS-HIG-16-010]

my = 800 GeV

2.3 b (13 TeV)

CMS

Preliminary

\ormeag—r

2HDM type-
cos(p-a) = 0.01

m, = 800 GeV
—— CL, Observed
— - CL. Expected
[ + 1 std. deviation
[ + 2 std. deviation
o, (tan p=1)
EZ3 o,, (tan B=15)

JOHH\HH\HHM

100 200 300 400 500 600 700
m, [GeV]
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H* — tb [8 TeV]

Search for tt — £ + jets plus > 1 additional b.
Fit data to 4 CR and one SR:
5i(2b), 4j(> 3b), 4j(2b), > 6j(2b) — Hr
> 5j(> 3b) — BDT

BDT incl. p7(j1), H7, mpp, AR(bb), 2" Fox-Wolfram mom.

BG: tf: MC + data-based p7-reweight; multijet from data;

others from MC.

—t L e
o E ATLAS Post bkg-only fit
@ 2500 \s=8TeV, 203" & Data CIfE+LF
S [ gbotH()25i(80) Miitcc  Mltirbb
& 2000F- [JOther bkg EZTotal unc
F __Total bkg
1500— [ in sig+bkg fit
£ _H"500 Gev
1000— shape

-04 -02 0 02 04 06 08

-1 -08 -0.6

1

BDT output

Scott Snyder (BNL)

a(gb —tH)XBR(H" - tb) [pb]

=
o

=

High-mass Higgs searches at ATLAS and CM

[

Ep
Q [arXiv:1512.03704]

R R R SR
r ATLAS

5=8 TeV, 20.3 fb™
gh—tH'(th)

oxBR m™™* tanp=0.5
— - oxBR m;""“ tanB=0.7

--= oXBR mm"” (anB—O 9

—‘ Observe‘d limit (c‘Ls)
Expected limit (CLs)
e
[t

Exp. limit with injected signal
m,=300 GeV, oxBR=1.65pb |

o

200 250 300 350 400 450 500 550 600
m, [GeV]
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O+t — (0 [7 TeV]

Type-ll seesaw model for generating neutrino
masses includes a scalar triplet with physical
particles ®t+ &+ @0,

Produced as either Z/y — ®*T&~~ or

W+ — ot~

Primary decay * — ¢7¢T (decay to WTWT
suppressed for realistic neutrino masses).

cms
— | [arXiv:1207.2666]

a </(\
e o+ o
¢

q

Interpret in terms of benchmark points of
type-ll seesaw model.

’
q

BP1: Neutrino sector with a massless neutrino

Search in categories 000, 0lTy.q, 000, L00Thag,
UThadThad (€ = e, p, flavors may be mixed in a
category).

Plot mass of same-sign lepton pairs.

and normal mass hierarchy.

Other benchmark points in paper.

Normal hierarchy: BP1

Normal hierarchy: BP1
' CMS Vs = TTeV, [ £dt = 191

CMS s = TTeV, [ £dt

o B lpb]_

CMS /s =TTeV, [ Ldt=4.9 " CMS /5 =7TeV, [ £dt =49 b

Events / 20 GeV.
Events / 20 GeV.

10

4-lep

20 00 00 L
m(=+) [GeV]

Scott Snyder (BNL) + High-mass Higgs searches at ATLAS and CM
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Mass of 4+ [GeV]

95% CL upper limit on /7,

-5 pb]

Mass of #* [GeV] “Mass of 1+ [GeV]

95% CL: m(®++) > 383 GeV (BP1)

J
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H =~y

Select primary vertex using photon pointing
and NN discriminant.

pr(y) > 55 GeV; myy > 200 GeV

pr(71) > 0.4my~; pr(y2) > 0.4m-

9 M1 (arXiv:1606.03833]
i [arXiv:1606.04003]

pr(y) > 75 GeV

EBEB: Both ~ in barrel; my~y > 230 GeV
EBEE: 1 barrel v, 1 endcap v; m-~ > 330 GeV
Also categorize on v shape and B field on/off.

Events / 20 GeV

Data - fitted background

10*e T
E ATLAS . Dam
3
10 E — Background-only fit
10? ;, Spin-0 Selection -
E s=13Tev,3.21b* E
0 gt E
107 =
T T
15 J\ =
100
i } i
0 \M m }@_m e
AT
-104 ‘ E
00 400 600 800 1000 1200 1400 1600 1800 2000

m, [GeV]

2.7t (13 TeV,3.87T)

>
8 b ¢ Data
o EBEB —— Fit model
N10° E B+ 1sd.
2 E +2s.d.
c L
g
] 10 ?

1

:MTWT'M’IWWWH

(data-fit)/ oy,
(=4

400 600 800 1000 1200 1400 1600
m,, (GeV)
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H— vy (2)

Exclus
resona

ion limits for narrow scalar
nce from 13 TeV data.

LCMS [arXiv:1606.03833]
2 [arXiv:1606.04093]

p-value plot for a narrow scalar
resonance from 8 and 13 TeV data
combined.

— I B B I
é —— Observed CL, limit ATLAS T
ES [ e Expected CL, limit (s=13TeV,32 " | o 33713 Tev) +19.7 fb* (8 Tev)
X 102 [ Expected + 10 NWA (F, =4 MeV) e B
= E X 3 i
oS £ [ Expected £20 Spin-0 Selection 7 e 1o
5 [ ]
€ L _ -\ bo
3 10 E L i
b} E B e
= Y
(=X B 7 \ ;
S F g
a i ] [ A" ke o
S E 3
n - 41
o - 4 L L n L
Lo Lo b b Lo b Ly Lol 700 70 w060 60 600
200 400 600 800 1000 1200 1400 1600 1800 2000 ot . kil
5x10° 10° 2x10° 3x10°  4x10°
m, [GeV] m, (GeV)
Results also available for other widths. |
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alcms .
H— vy (3) G e

m,~, from 8 TeV data

T 19.7 fo™* (8 TeV)

3 J 7 :
= ¢ Data 3 % E EBEB
&
% — -only fi O [ =5 Data
2 Background-only fit pg 10° ;mln(Rg) >0.94 ] Fit model
2 Spin-2 Selection N E
: /s =8 TeV, 20.3 o PR £ 1s.d
g Rt 2102 s +2s.d.
) E %50
Li L §§
10? [ ; ; %
L 1T %

o ‘: — E CMS
3 \ Eoos ‘ ‘ ‘ ‘ ‘
= T T T T T T
‘x.a’ g 2 N T ‘ T
3 \l\‘m Mmm YRV L It 1
£ \T \TW.T?W‘*”"“" g
g 10 & I
8 15 | ‘ ‘ ‘ ‘ ‘ ‘ . 8 L0

200 400 600 800 1000 1200 1400 1600 1800 2000 =~ ot . . . . . .

m, [GeV] 300 400 500 600 700 800 900 1000
m,, (GeV)
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