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Motivation RROSK

B [CMS /!

@ Many BSM theories predict new heavy states that can decay into SM bosons

Heavy vector triplet (HVT) Warped extra dimensions
o Simplified model used to describe the  Possible solution to the hierarchy
phenomenology of new resonances with a problem & flavor structure

small number of parameters

e Kaluza-Klein graviton G (spin 2)
e Contains heavy (spin 1) W’/Z’ that couple to

SM: * Bulk Randall-Sundrum scenario:
_ g: SM SU(2) coupling : :
- bosons: chgv B g - all SM fields propagate in the bulk
- fermions: (gzlgV)CF CH, Cr: interactions with - coup"ngs to ||ght fermions/v
bosons/fermions .
| suppressed ey,
« 2 scenarios [JHEP09(2014)060] AN
- A (gv=1): comparable couplings to fermions Gm\%
§
and bosons (e.g. Sequential SM; strongly Ng
: : . k: dimensionless it
constrained by searches in fermion final states) ) G2p3"
coupling, the curvature ’}‘?‘w‘“'"
- B (gv=3): fermionic couplings suppressed, of the extra dimension /
decays to bosons dominate (e.g. Composite "
Higgs)

Lj. Morvaj, LHCP2017 Searches for VV, VH, HH resonances 2



STONY

Final sates BRO:SK

% [ems

‘Compst Muon Sclencid

@ Many searches in diboson channels in all possible final states

@ In this talk will focus only on couple of recent results with 15-36 fb-! of the 13 TeV

data (final states in red)

» See also talks: Searches for additional Higgs bosons (M. Xiao), Latest results on di-Higgs
production with ATLAS/CMS (H. Fox/D.M. Morse), High mass searches (S. Mukherjee), Searches
for diboson resonances in ATLAS/CMS (A. Oh, H. Huang)...

ATLAS public results CMS public results

Channel Final states

WW /WZ /ZZ qqqq, €€vv, tqq, vvqq, tviv, 4L, tvqq
WH / ZH qqbb, tvbb, #bb, vvbb, qqbb, fvrT, 1T, qQTT

HH 4b, bbVV, bbyy, WWyy, bbT1t
vy / Zy Yy, &y, qqy
g h
h ,’/
_____ <\f§;>\
g \ h

Lj. Morvaj, LHCP2017 Searches for VV, VH, HH resonances 3



< [Gms. STONY

Boosted bosons BROSK

Decay topology

@
* Decays of massive BSM states (m(BSM) >> m(V)) / AR ~ -
= SM bosons are boosted V/H \ V/H «ﬂg
9,

= Their decay products are collimated

= \//H—qq: SM boson reconstructed as a single fat jet (R=0.8-1.0)

Challenges of boosted states
 Fat jets prone to pile-up
« Main background are qg/g jets from QCD jet production

Reconstruction techniques

- Jet grooming: remove soft QCD
radiation & pile-up contributions,
improve the resolution of V/H-jet mass

« Jet substructure & tagging:
discriminate between g/g-jets & V/H-jets

Lj. Morvaj, LHCP2017 Searches for VV, VH, HH resonances 4
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Jet grooming BRO\SK

UNIVERSITY

ATLAS CMS
 Fat jets R=1.0 (topological clusters) * Fat jets R=0.8 (particle-flow)
« Trimming HEP02(2010)084]: * PUPPI HEP10(2014)059]:

» recluster jet constituents into sub-jets » pile-up per particle identification

with R=0.2 » weight describing the likelihood for
» remove sub-jets with pr(subjet) _ 0.05 each particle to originate from pileup
Pr(ey Interactions, used to rescale their 4-
momenta

» mass resolution ~10%

« Soft drop algorithm [JHEP09(2013)029, JHEP05(2014)146]

» iteratively breaks the jet into 2 sub-jets
dropping the softer one, until the soft-
drop condition is satisfied

Trimmed jet

« Jet mass computed using a combination
of calo information and tracks associated
with the jet (so far used in VH—qqbb)

Lj. Morvaj, LHCP2017 Searches for VV, VH, HH resonances 5
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ATLAS CMS

 Fat jets R=1.0 (topological clusters)

* Trimming [JHEP02(2010)084]:

» recluster jet constituents into sub-jets
with R=0.2
» remove sub-jets with pr(sublet)

PT(jet)

- ATLAS Simulation Preliminary
Vs = 13 TeV, WZ - qqaq

<0.05

0.3

Fractional jet mass resolution

0.05—

0.25}-

0.2}

0.1

antirk, R = 1.0 jets, iyl < 2.0
™ Trmmed Hm = 0.05, H‘_o =02
L LCW + JES + JMS calibrated

~ JETM-2017-002

0151
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« Jet mass computed using a combination
of calo information and tracks associated
with the jet (so far used in VH—qqbb)

* Fat jets R=0.8 (particle-flow)

* PUPPI uHEP102014)059:

» pile-up per particle identification

» weight describing the likelihood for
each particle to originate from pileup
Interactions, used to rescale their 4-
momenta

» mass resolution ~10%

« Soft drop algorithm [JHEP09(2013)029, JHEP05(2014)146]

» iteratively breaks the jet into 2 sub-jets
dropping the softer one, until the soft-
drop condition is satisfied

Lj. Morvaj, LHCP2017

Searches for VV, VH, HH resonances 6
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Boosted boson tagging BROSK

ATLAS CMS

B ICMS/|
NP7

H(—bb) tagging:
— fat-jet mass consistent with H-mass

* 1 or 2 associated b-tagged track jets » dedicated b-tagging discriminator to
(R=0.2) identify 2 b-quarks clustered in a single jet
W/Z tagging:
— fat-jet mass consistent with V-mass within 30-40 GeV window
« Overlapping mass-windows « Exclusive mass-windows
Substructure
« D2 (ratio of energy correlation functions) - TN (N-subjetiness) - quantifies the capability
compatibility with a two-prong decay of clustering the jet constituents in
topology exactly N subjets (using PUPPI inputs)
T1 = T2/T

Lj. Morvaj, LHCP2017 Searches for VV, VH, HH resonances 7



} |Cs, | - STONY
¥ = oosted boson tagging BRASK
UNIVERSITY
ATLAS CMS

x108 X — VH — qgbb 35.9fb" (13 TeV)

' ' ' 1 ' ' ' 1 ' ' ' 1 ' ' ' -.(L) [T T T T T T TTT | IIIIIIII | T T T | T T T | T T TT | T T TT | T T TT | T T T T_]

1.5F . c 80— cMS ¢ Data Background —

| DY Spectrum Pythia 8 5 [ Preliminary —— H(bb), m =1200 GeV ----- H(bb), m,=4000 GeV'

- 1TeV, e*e” - dijets [ W(qq), m,=1200 GeV W(qa), m,=4000 GeV'

. | mJ e [80, 100] GCV, R:1 50 :_ — Z(qq), mZI=1 200 GeV ==--- Z(QQ), mZ,=4000 GeV_:

= - - high purity low purity ]

= 1.0} 50— —

Na) ! - ]

o - ]

Qq} ——— /. Boson 40 - =

-% Quark Jet 30 =

E 0.5 - = ]

JHEP05(2016)117 - 20~ -

' 10F- E

0: PR S |E| | e ~ -

0 0.7 0.8 0.9 1

N-subjettiness T,

D(22,2)
Substructure

« D2 (ratio of energy correlation functions) -
compatibility with a two-prong decay

topology

» pt dependent cut:
» eff(V-tag) ~ 50%
» eff (9/g) ~ 2%

v (N-subjetiness) - quantifies the capability
of clustering the jet constituents in

exactly N subjets (using PUPPI inputs)
T1 = T2/T
» eff(V-tag) ~ 50% (45%) high (low) purity

» eff (1-prong) ~ 10% (60%) high (low) purity

Lj. Morvaj, LHCP2017
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 Two fat jets: my;>1 TeV AILAS-CONF-2017-018
 Jet with larger mass assigned as H-candidate, the other one as V

e 4 signal regions defined:
» 1 or 2 b-tagged track jets associated with H
» V-jet mass consistent with W or Z

« Multijet events (~90% of the background) Search for a resonance

' thl
» Template extracted from the data in 0-tag “SR” " gﬁ: n(;VE;SkZTo?; g Y
» Corrected with kinematic reweighting (derived in the H-mass SB) Y
» Normalized in the H-mass sidebands

» Validated in V-mass sidebands ( )
2 1 At A oo T T
" : I~ o ATLAS Preliminary 4 data 36 fb_1
8 2-tag SR | sideband i § ~110[rrrereeneey renemsne s ; 8 1E (5=13TeV 36.1fb" [_] Multijet
e : o > 10t o-taq ZH [ ] other Backgrounds
5 ? SR . sideband | £ I
é GE) (signal region)é (SB) D
3 1-tag SR sideband B BB frorererererereen s
o VR-SR VR-SB
G DO feese
T . U 3]
c
s g
0-tag “SR” | sideband : 8§
E > S — — ' —
0 : — 0 > 8 1.55— s II‘L‘_““ ‘ IA\A \\H\\\\i\\\\§\\\§
75 145 200 75 145 200 %‘S 051?.—'-. T ' Al -‘ T T \-\-\-\»&\\\\K\&\w&%é
Higgs boson candidate mass [GeV] Higgs boson candidate mass [GeV] g 1900 2000 3000 m [Geé\l/(ioo
JJ
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WH/ZH—qgbb

ATLAS-CONF-2017-018

10 10

L — Observed limit
ATLAS Preliminary
Vs =13 TeV 36.1 fb’

o — Observed limit
ATLAS Preliminary
Vs =13 TeV 36.1 fb’

— — Expected limit
[ ] Expected +1 o

36 fb'1 | ] Expected =2 o

N ---- HVT Model B, g =
— HVT Model A, g =

— — Expected limit
[ ] Expected +1 o

36 fb'1 | ] Expected =2 o

-- - - HVT Model B, g =3
—— HVT Model A, g =

1 1 IIIIII|
o(pp — W' — WH) x BR(H — bb+ct) [pb]
o

o(pp — Z' — ZH) x BR(H — bb+ct) [pb]
o

T IIIIII|
[ IIIIII|

[ IIIIII|
4

107 & .. 3
— 1 | | | | | | | | | | | | | | |~7~I | | | | | 10 __I | | | | | | | | | | | | | | | | ~'h | | | |
1500 2000 2500 3000 3500 1500 2000 2500 3000 3500
m,. [GeV] m,, [GeV]
I reliminary __ _
§ 10 s =13 TeV f=36.1aft¥1 Ofserved 8 10 ATLAS Preliminary  — opserved
4 9 9 Vs =13TeV L=36.1fb"
10—1 ______________________________________ LY 4 ’ -:
_________________________________________ o . - 10”
10° ~ Global significance: .
108 e 30 i
1ot 220 10”
___________________________________________ 10—4
10° :
ZH Analysis 107° _
10—6 P N B E R S B WH AnaIyS|s
1500 2000 2500 3000 3500 o e S A S
m,. [GeV] 1500 2000 2500 3000 3500
m,,. [GeV]
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WH/ZH—-=qqgbb
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« Two fat jets: my>985 GeV

CMS-PAS-B2G-17-002

x10° X — VH — qgbb 35.9fb" (13 TeV)
8ol S T et o T o
I - : . o 100 Preliminary , m =1200 GeV ===-- , m _=4000 GeV —
8 exclusive categories of events depending on: s I W(da), m, <1200 GoV -~~~ Wi(ag), m =400 GeV -
§2} — Z(qq), m_=1200 GeV ----- Z(qq), m_=4000 GeV _|
: & 801 ’ ’ —
» V-jet mass z > W : 7z : Higgs j
» H-jet b-tagging discriminator (tight & loose) — ] e —
» 1 = T2/ 7 value for V-jets (high & low purity) 4 -
20 —
o Y I ~~.. ) : . o aioiie. | .:_‘44| o ‘_
0 20 40 60 80 100 120 140 160 180 200

soft drop jet mass (GeV)
108 X — VH — qgbb 359 fo™' (13 TeV) «10° X — VH — qgbb 35.9 fo' (13 TeV)
w [T T TT T T 1T T 1T T T 1T T T 1T T T 1T T T 1T T 1T T T 1T T T 1T T_] (f) | T T T T T T T T T T T T T T T T I_
*qc: 80:— C|{/|S | ¢ DatzjI | R I|3acEgro{Jnd | = g 3()_—I CMS ¢ Datzi —_— Bacljground | —
Lﬁ ~  Preliminary — H(bb), mx=1200 GeV ====-: H(bb), mx=4000 GeV . Lﬁ —  Preliminary —— H(bb), mX=1200 GeV === H(bb), mX=4000 GeV
70— W(qa), m =1200 GeV W(qg), m ,=4000 GeV— - W(a@), m =1200 GeV W(q@), m =4000 GeV _
m —— Z(q@), m,=1200 GeV ------ Z(q@), m,=4000 GeV ] 25— —— Z(qq), m =1200 GeV ------ Z(qg), m,=4000 GeV _
60— — B ]
= > high purity low purity ] = > loose : tight
40 — 151 =
30 — B ]
- ] 10— S
20/~ - - -
101 = C AN
0 C 7 0 L C 1 : ‘.L N

0 01 02 03 04 05 06 07 08 09 1 -1 -0.5 0 0.5 1

N-subjettiness T,

b tagging discriminator

Lj. Morvaj, LHCP2017
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CMS-PAS-B2G-17-002
« Two fat jets: my>985 GeV

8 exclusive categories of events depending on:
» V-jet mass
» H-jet b-tagging discriminator (tight & loose)
» 1 = T2/ 7 value for V-jets (high & low purity)

~ X—>VH—>qub S I3|5.|9Iftl>"I (.1.3.T?Y)
o cms |
G 10° = Preliminary ¢ Data (_3922)
.. S FE _ _ — Bkag. fit (3 par.)
* Multijet events (>95% of the background) z Z mass, high purity, loose btag ... Bkg. fit (4 par.)
_ _ _ . » 10° — my, = 2000 GeV
» Fit to the data with an analytic function 5 36 fb-1 HVT model B (g,=3)
L

» Validated in V-mass sidebands (40<mv<65 GeV) 1

10

e
L]
2
*
»
»,
)
»
*,
*,
{fe
2|

s = T IIIIIII| I IIIIIII| I IIIIIII| [T TTTI

x2/ndf = 130/15 pvalue 0.60 3

E T T
%Z, _g; ;iﬁ-%-ﬂ-'}-;-i-}- {'Hl ......................................... t

Z 1000 1500 2000 2500 3000 3500 4000 4500 5000
m,, (GeV)
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X — VH — qgbb 35.9fb" (13 TeV) X — VH — qgbb 35.9fb" (13 TeV)
;‘:2000 L T ICI Isl T T T T | T T T T | T T T T | T T T T | T T T T | T T T T _I_ ;.:2000 L T ICI IS| T T T T | T T T T | T T T T | T T T T | T T T T | T T T T _I_
= M 95% CL limits = M 95% CL limits
? 1000 é_ Preliminary 36 fb'1 Observed —§ % 1000 g_ Preliminary 36 fb'1 Observed _§
T 3o all categories ~  ttTC Expected N T 300 allcategories tvC Expected -
T +28. . T +2s.d. B
N s HVT model B (g, =3)= =10 “HVT model B (g,=3)3
N ———— HVT model A (g =1) - —— HVT model A (g =1)-
> 30 . = 30 .
i 20k Z'— 7H - E’ 20 W' — WH -
N —
© 10 = 2 10 —
= = 5 - =
3L ] 3L . ]
21 s 21 :
1 = <Z 1 = :
03 F | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ri' 03 F | | | | | | | | | | | | | | | | | | | | Iv | | | | | ri'
100 1500 2000 2500 3000 3500 4000 4500 1000 1500 2000 2500 3000 3500 4000 4500
m,. (GeV) m,,. (GeV)

 CMS doesn’t see the 3.3 o (local) excess ATLAS observed at ~3 TeV
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Y WW/WZ/ZZ fully hadronic  Bkesk

* Two V-tagged jets: mys>1 TeV ATLAS-CONF-2016-055
» Analysis techniques very similar to previously shown VH: EMS-PAS-I G L0
» ATLAS: WW/WZ/ZZ (3 overlapping categories of events)

» CMS: WW/WZ/ZZ + low low/high purity based on 1; (6 categories)

» Background modelled with a parametric function and validated in my sidebands

35.9 fb™' (13 TeV)
> 105 §I T | LI | LI LI LI | LI | T T T | LI | LI | LI %
vte—————m———+——7—""————7————— 7= o - CMS —+—CMS data =
> = .. 3 (D - ]
) = ATLAS Preliminary —e— Data 2015+2016 3 O n~al imj 2 par. background fit ]
K 13 TeV. 15.5 ! Q 10* - Preliminary |
— 10° = s=13TeV, 155 Fit bkg estimation _ : E -« W'(2 TeV)—-WZ (o = 0.009 pb) E
o = WZ selection -{ ==== HVT Model Am=1.5TeV = 0 - -1 .
. " 15.5 fb1 "™ T Mol A s 4 Tey £ 10°F 36 fb WZ, high-purity =
qC_) 10 = Fit exp. stats error E Lﬁ - i <2.5,p >200GeV J
= — 3 B ) <1.3]
10 = = = 3
- : ] B boor, N
1 = : _L_E 10 E ..' E
= 1 : """ = — .
I R ==y e ] — i
0 e :
f ! | .f"' - -
N ] B 1 | L Tl
= 2 - = 2— ° ° —
3 O_ Lll_ _g f@-=====°=°=°=== e e .' """" |
o - E S 0 . ° ° o * . °

_oF o] le) L. . @ mmmm e '.--...------.- ...............
C al _op ° _

1 1500 2000 2500 3000

Dijet invariant mass (GeV)
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Yo WW/WZ/ZZ fully hadronic sk

* Two V-tagged jets: myy>1 TeV ATLAS-CONF-2016-055
» Analysis techniques very similar to previously shown VH: CMS-PAS-BIG-17-001
» ATLAS: WW/IWZ/ZZ (3 overlapping categories of events)

» CMS: WW/W2Z/ZZ + low low/high purity based on 7;; (6 categories)

» Background modelled with a parametric function and validated in my sidebands

§ 103 C T T I T T T T I T T T T T T T T = 102 i Frr—— e
E — ATLAS Preliminary . = CMS ———e—— Observed

- Vs= . ] - : |
% i ls=13TeV, 5.5 — Observed 95% CL i — 10 " Preliminary BRI Expected = 1 std. deviation
:3/ 1 ---- Expected 95% CL | -8_ % 5 g | m— Expected = 2 std. deviation
% 15.5fth1 m.1w — - 36 fb- Liiin o xBR(W'->W2Z) HVT
< 102 + 20 — N ] R SE— SR~ B S SR -
g — Model A, g, =1 ] = = WW+WZ+ZZ
! — Model B, g, =3 . | n HP+LP
Q v - :
% - ; 107" S A

o . E:’ E

10— m —2 s

- x 10 =

-~ X =

B iy -

B © 107° =

C narraw width approximation | | |
I 1 1 1 1 | -4 L1 1 N I N I L1 11 [ R
1 1500 2000 2500 3000 10 1.5 2 2.5 3 3.5 4

M, (TeV)
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HVT - summary

« W' - WZ: summary of limits from ATLAS
« Comparable limits with CMS combination (~2.5 fb' (13 TeV) + 19.7 fb' (8TeV), see backup)

STONY
BRAW®K

UNIVERSITY

'-6' 1 O El i;: L | L | L | L | L | L | L | L :_l:
&  F ‘= ATLAS Preliminary 95% C.L. exclusion limits3
N [ | =ls=13TeV, 13.2-15.5 fo |- HVT model Ag =1 | 1

< ——— OUbserved
PoTElL . 13.2-155 1t T CXRected =
_ = : : ——— qqqq =
= - lvgqq .
- = liqq ]
7 10 ‘ vvqq N
LOYV mass: ;l;_ s Nomy ., -
Leptonic final states P - MR~ ]
— clean signature © L —
10°E =
1 0_3 | | 11 1 1 | | I | | | I | | 11 1 1 | | 1 1 ",ll"'(", 1 1 | L1 1 1 | 1 1 1 1 |

0.5 1 1.5 2 2.5 3 3.5 4 4.5
_ my,. [TeV.
High mass: <
Final states with larger Br

Lj. Morvaj, LHCP2017
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 Large Br to llvv final state + controllable backgrounds s CMS PAS B2G-16-023 -

 Discriminating variable: transverse mass Mr

« Z+jets production (dominant background)

» EXUSS comes from mismeasurements of jet/lepton pT

g
» Estimated from y+jets data reweighted to
. . . 35.9 fb™ (13 TeV)
reproduce the kinematics of Z+jets events o O T T T T T T
- . 95% CL upper limits | L
10° 35.9 fb_1 (13 TeV) 3 B CMS __._ Observed : : :
% | '_ Z+jet|s | f\-l\ B §P r elu;n/naryg o Median expected | |
(5 10° gg CMS - Reson. backgrounds ? N | | | - 68°/° expected |
8 104% Preliminary ] Non-Reson. backgrounds E; /l\ 1§— """"""""""""""""""""""""""""""" TTT95% expected T _§
~ C —¢— Data 3 >< - BquG ZZ cross sectlons : N
0 10°E |:|1pbBu|kG|v| 1TeV - o B k 05 : i ]
c g | Syst. uncertainty = b ________ k=01 k k / MP]
g 10° E : : : |:| F’DF+QCD uncertalntles ; |
L - ] 10—1 ............... ............... RPN ............... _
10F Post-fit B-only 7§ =
1E ee channel - ]
10 f tWWW ZZ/WZMZ ] | S R D T
o2l RO . (SN N
E | | | | Gpulk excluded = N
o 10— ;
< 5 | | | | below 800 GeV|e—
Sy 1.21
-|CE 8(85 for O 5 : : : : : : :
(U %I-g||||||||||||||||||||||||||||| 103IIIIII|III|III l|||||||||||||||||||
() 00 500 1000 1500 5000 5500 3000 600 800 1000 1200 1400 1600 1800 2000 2200 2400
M. (GeV) m, (GeV)
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RS graviton - limits BROSK

« Currently the best limit from ATLAS on the bulk

RS graviton with k = 1 ' —
S gravito h coming from WW—lvqq Goun excluded
channel below 800 GeV
for k=0.5
Gouk excluded below 1.2 TeV for ¥ = 1 T
. CMS PAS B2G-16-023 35.91b" (13 TeV)
ATLAS_CONF_2016_O62 3 §I T | T | T | T |°| T | T | T | T | T | I§
g L N ) I ) L L L L IE 3 - CMS 95 Yo CLOprspeer:'Ilgg'lltS | -
— ATLAS Preliminary ~ —e— Observed 95% CLupperlimit | &g L Preiminay ... Median expected !
§ 10 Vs=13TeV, 13.2 ot - Expected 95% CL upper limit _§ T L S -68 /oeXpeCted ------------------------------- =
1 [ Expected limit (+ 10) 1 x
] 13 fb1 Expected limit (+ 20) = 5 [ L K/ EMPI_ ]
T _ o(pp —» G* — WW- - o\ E B
o 107" = N — = 10 E
%— E WW=-lvqq k = k/Mp; 3 .
1072 E T
E E 1072 . ' —— ——
10°° = | . . 7
:I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
500 1000 1500 2000 2500 3000 3500 4000 4500 Ao N e
m(G*) [GeV] 10600 800 1000 1200 1400 1600 1800 2000 2200 2400

m, (GeV)
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¥ = Di-Higgs searches BRO.SK
SM: destructive interference
« SM: hh production cross sectionis o) ---h TOoO) ,-h oo ,-h
several orders of magnitude smaller 0 0 'h":: 0 ‘X"::
than the single-Higgs production 2 -=h 00, l “h 900 l h
BSM: Modified coupling constants? New resonance?

2.3-36 fb™' (13 TeV
| |

N—

. — 107 I T T T T I I "

Final states: oMs | e

: Preliminary bblvlv (CMS-PAS-HIG-17-006, 36 fb) _
Size of Br > 10° == Assumes SM Higgs BR

bbbb (CMS-PAS-HIG-16-002, 2.3 fb™)

bbbb (CMS-PAS-B2G-16-026, 36 fb™)

< Clean signature
C - ]

10° bbyy (CMS-PAS-HIG-16-032, 2.7 fb™) —;
S 10° \\/\/\ — Observed _;
' 2. 0 --- Expecte =
Low mass: Expected 3
Clean 7y signature ) e | N 2 3.36 fb1 =
+ excellent m~, -
resolution 10 =
] ] ] ] ] ] ] | ] ] |

High mass: 1 10° -
myP"™? (GeV)

High Br to bb [€
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- Two H-tagged fat jets: M;>750 GeV (M5 PAS B2G-16-026

* Reduced dijet mass (to improve dijet resolution): Mjr]-ed = M; — (M;, — My) — (Mj, — Mpy)

2 categories of events depending on the double-b-tag discriminator: LooseLoose & TightTight

* Multijet events (dominant background)
» Estimated using data from the “anti-tag” region of the leading jet (inverted b-tag discriminator)
» Normalisation constrained using the leading jet mass sidebands

35.9 b (13 TeV)

4 35.9 fb-1 (13 TeV) T T | T T T T T T T T | T T T T |
% 10 ' LLcategory: Signal region 10 & CMS Bulk KK graviton§(kx/Mpg, = 0.1) —
O CMS ¢+ Data , | - . —— Observed 95% upper limit =
3 10° . —— Background pre-fit | - Preliminary .
- Preliminary B Background post-fit ~ - - - - Expected 95% upper limit N
2 Bulk graviton 1600 GeV 10° = - -
S 102 —— Bulk graviton 2500 GeV = 36 fb_1 - Expected limit + 1 std. deviation
AT - Signal cross section = 10 fb - Expected limit = 2 std. deviation

10

o(pp — X) x B (X — HH — bbbb) [fb]

:
:
/ L

Data - Fit

1500 2000 2500 3000 1000 1500 2000 2500 3000
V™ [GeV] M(X) [GeV]
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* Resolved regime: reconstruct 4 jets R=0.4 (mny<1000 GeV & non-resonant production)

* Boosted regime: reconstruct 2 fat jets R=1.0 (myr>1000 GeV) ATLAS.CONF-2016.049
5104 E | I | | | | | | | | | | | | | | | | | | | | | | | | E
=k i —— Bulk RS, k/M,, = 1.0 =
- B ATLAS Prellmlnary - (Observed Limit (95% CL) B .
S )] (s=13TeV,133f7  weeeu Expected Limit (95% CL) - Improvement at high-mass:
e} I Expected = 1o _
e 103 Expected = 20 _ Increase signal acceptance by
T = Previous Obs. Limit (L =3.2fb™) 3 . 1b d K
= F «.x1e1 Previous Exp. Limit (L=3.2fb") requiring >=1 b-taggead trac
-? - . jet matched to H-jet (instead
- f >=2 previousl
. §1 02 — Resolved 3.21fb 1—: or> previots y)
I E
T F -
o L _
o
— Al Improvement at low-mass +
© 10k 1=
- - non-resonant:
. - Increase signal acceptance by
1 i | | | | 4__ loosening topological selection
500 1000 1500 2000 2500 3000 requirements
Mg- [GeV]

non-resonant prod. | SM expected |95% CL UL expected|95% CL UL observed
o(pp — hh — bbbb)| 113199 fp 430 fb 330 fb
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@ Presented several analyses using the 15-36 fb-! of 2015+2016 data

@ Many other results with the full 36 fb-! dataset are expected to come out this
summer

@ New data coming soon!
» Bringing factor ~5 increase in the luminosity
» But also challenges in terms of pile-up...

= Jet reconstruction, boosted boson tagging techniques, trigger... being
continuously refined to cope with this challenge and improve the limits

@ Stay tuned!
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» Select events with 2 b-tagged jets and 2 leptons of opposite charge CMS PAS HIG-17-006

Compact Musn Solenoid

« Search for a resonant-like excess compatible with My in Mpp distribution
« Use deep neural network (DNN) to improve signal-to-background separation

DNN output is the final discriminant
CMS Preliminary 36 fb' (13 TeV)

-.(2 1000 T T | T T T T ! T T T T | T T T EI | T ] T T T | T
o ” uw channel : ¢ Data ;B |

u>J ~ Signal (5 pb) : [l Drell-Yan
B + —— m, =400 GeV - [l Single top 7]
800 — _ : Uncertainty A% )
- 36 fb! — .
- : SM Higgs i
600 — —
| m,<75GeV | 75 GeV = m, <140 GeV m, =140 GeV |
400 — _
J :
200 —
O O O O L UL VU SO UL UL UL UL LN UUUUL UUUUL VUL IV U LA
% 11; ;_ """""""""" ¢ }'}{' ''''''''''''''''''''''''''''''''''''' ¢ o S :
®© 1 :_§§§§§§§§§§§¥§ "'*}%+i@iiéééiééiéiiééiiééifii'iiig“i@*”**i’*** i
S Y S S e — L5 S =
0.6 f_l """ R T e I I BRI |_f
05 1 15 2 25

NN output at m = 400 GeV, m bins
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» Select events with 2 b-tagged jets and 2 leptons of opposite charge CMS PAS HIG-17-006

» Search for a resonant-like excess compatible with Mu in Mpp distribution
» Use deep neural network (DNN) to improve signal-to-background separation

é CMS Pre/iminary 36 fb 113 TeV) _qqt CMS Prelminary 230" (13TeV)
~103 eV L o £
§ 10 : e Observed 95% upper limit é ,,,,,,,,,,,,,,, Sr——
fre ' Expected:95% upper limit | !
>T 1 std. deviation %1037 .
- | 2 1. deviation ' || Limit improved in |?
f --- RSl KK grawton kL 35, k/Mp| 0.1 < p > T
£ | ; 5 5 5 . | the wholerange | L. ]
Z102{ N T e .
< 36fb 23fb1\
< ’I é ' L L
<\T. ) 200 300 400 500 600 700 soo 300
v v sp|n (GeV)
£ ,
0 I
P [
1 I : : : :

I 5 5 5 ; —
g 101‘;“”‘; """ | o o B f ; non-resonant prod. o(pp — hh —>bblvlv)
b i . . . . . : |
c ! : : : : : : .
é .: 95% CL UL expected 81752 b
= I
—
O 95% CL UL observed 72 fb
9 —_—
& 300 400 500 600 700 800 900 ‘l'

My, spin 2 (GeV) amounts to 79 x the SM prediction
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35.9fb" (13 TeV) . 35.9fb" (13 TeV)
> 106 L | L | UL | UL | T 1T 1 T | T 1T 1 T > 10 L | L | L | L | L | L
© £ cMms [ 2o © <L cMms [ 2o CMS PAS B2G-16-023
(D 10 L. - Reson. backgrounds (5 L - Reson. backgrounds
8 10* Prel’mmary D Non-Reson. backgrounds 8 10* Prel/m/na/y D Non-Reson. backgrounds
~ —+4— Data ~ —¢— Data
u 10 |:| 1pb BulkG M = 1 TeV u 10 [ 1 poBukG M=1Tev
- | Syst. uncertainty o Syst. uncertainty
Q 10 Q 10
L (NN
10 Post-fit B-only 10 Post-fit B-only
1 ee channel 1 uw channel
107" 107"
1072 102
. _ . -3
O) 1013% CD 101% LI | T T 17T | T T 17T T T 17T 1T T T T T 17T
D o
C\U o:e; C\U 8‘%1
-'C-U' 84 -Es' 0.4 —
QO 0-(2)||||||||||||||||||||||||||||| Q 0-8||||||||||||||||||||||||||||
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P 10|||||||||||||||||||||||||||||||||||||: P 10:|||||||||||||||||||||||||||||||||||||:
Q : B : . Q - : B : : .
\% CMS 95% CL upper limits: _ee . 3 - ECM;S 5% CL: upper fimits: MM |
0 P reliminary Observed ' 1 < - Pre/lmmary - Medlan expected ]
N : 5 L — M dlan expected N : :
N T W N N : : ; 68% expected :

T 1 : O/‘o e-xpected ...... ............... _E T 1 E_ .......................................... 1 ...... .................................................................... _E
>< : 950/0 expected . : ] >< C 36 fb" 95‘70 expected : : ]
‘6’ dlan expected ee+pp s ‘6’ - SREREELE Medlan expected ee+up .

10 NG o 1o N B T T — N T —
10—2 :_ ......... : '- a0 - 10—2 :_ .........................
10 IIIlIIIlIII|III|III|III|III|III|III 10 IIIlIII|III|III|III|III|III|III|III
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Source Signal Z+jets Reson. Non-Reso CMS PAS B2G-16-023

Luminosity  2.5% 2.5% 2.5% 2.5%
PDF on cross-section - 1.7% 1.7% -
QCD on cross-section - 2.3% 3.0% -
EW NLO correction - 3.0% -
Electron PDF on acceptance  1.0% 3.4% 1.0% -
channel QCD on acceptance (-) 22.7%  2.9% -
Trigger eff.  0.1% - (-) -
Lepton ID eff. ~ 0.5% - (-) -
Z pt reweighting - 2.1% - A
Non-reson. scale fact. - - - 10.0%
EMISS modeling Muon scale  0.1% - 10.1% -
uncertainties Elec. scale  1.8% - 0.4% -
Photon scale ~ 2.9% - 0.5% -
Jet energy scale  1.5% - 0.4% -
Jet energy resolution  1.5% - 0.5% -
Unclustered E  2.3% - 0.5% -
Hadronic recoil - 0.1% - -
Muon PDF on acceptance  1.0% 3.4% 1.0% -
channel QCD on acceptance (-) 13.1% 2.9% -
Trigger eff.  0.2% - (-) -
Lepton ID eff. ~ 0.9% - (-) -
Tracking eff.  1.0% 1.0% 1.0% 1.0%
Z pT reweighting - 0.5% - -
Non-reson. scale fact. - - - 2.4%
ET"® modeling Muon scale  10.9% - 1.8% -
uncertainties Elec. scale (-) - (-) -
Photon scale  0.1% - (-) -
Jet energy scale  1.2% - 0.1% -
Jet energy resolution  1.9% - 0.2% -
Unclustered E ~ 1.8% - 0.3% -
Hadronic recoil - 0.1% - -
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35.9 fb' (13 TeV)
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() 3 TT category: Signal region |
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o(pp — X) x B (X — HH — bbbb) [fb]
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CMS PAS B2G-16-026
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B [CMS /!

« Combination with this lumi not sensitive enough to exclude Gpuk with k=0.5
« 36 fb"! searches @ 13 TeV more sensitive than the combination

~2.5 fb-1 (13 TeV) + 19.7 fb-1 (8TeV) CMS PAS B2G-16-007

CMS rreiminary  2.2-2.6 o' (13 TeV) + 19.7 tb™ (8 TeV)
I I I I

CMS rreiminary  2.2-2.6 o™ (13 TeV) + 19.7 fb™ (8 TeV)
[T | I I I I | I I I I | I I I I I_
—=—llqq (8 TeV) |
——lvqq (8 TeV)

——qqqq (8 TeV)
——Ivgq (13 TeV)

——qqqq (13 TeV)

L I I T

. ——lliv(8TeV) —«— qqbb(4q) (8 TeV)

- —=— llgg (8 TeV) qqre (8 TeV)

—»—1Ivqq (8 TeV) —— Ivgq (13 TeV)
Ivbb (8 TeV) —x— libb/lvbb/vvbb (13 TeV)

——qqqq (8 TeV) ——qqqq (13 TeV)

L1 T

10

Goulk €xcluded
below 800 GeV |

] I
T T T TTT]

—e— Asympt. CLS Obs.

—e— Asympt. CLS Obs.

AN NS e Asympt. CL_Exp. + 1o | ~ N N = Asympt. CLg Exp. = 1o _E

10 § .......... Asympt. CLz Exp. + 20 § for k=05 W|th Y @0 cceeeeee Asympt. CLS Exp. = 20 7

- o e : 36 fb'212v o e i

1 2 3 4 E| | | | | | | | | | | | | | | | IE

— / M, (TeV 1 2 3 4

oc(pp — V' — WV/VH) v (TeV) M, (TeV)
bulk
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| WH/ZH—-=qqgbb BRa\SK

ATLAS-CONF-2017-018

B ACE amr me Bt D 10 o one oo
0] ATLAS Preliminary 4 data 0] ATLAS Preliminary 4 data
8 1CE Vs=13TeV 36.1fb" [] Multijet 8 1°E {s=13TeV 86.1fb" [J Multiet
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$ ot 0 pre-fit S
Rt - N\ uncertainty o N uncertainty
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it} 70T NN uncertainty O N uncertainty & ecesns by 4 . ko v ///Z
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Source Background HVT Model B W'(2 TeV) Background HVT Model B W'(2 TeV) § s ---g--- 1-tag SR (ZH) A
. . < N i
Luminosity 0.2 3.2 0.3 3.2 0.2 - -
Jet energy scale 2.4 5.7 0.8 5.6 s o -
Jet mass resolution 1.2 11 0.3 10.4 0.1H —
b-tagging 1.6 10.6 0.4 15.2 i ’
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* For a high Lorentz boost AR comparable with the calorimeter granularity
» Use track-assisted mass (TA) to maintain performance:

pcalo
mTA _ T < mtrack
track
o Pr
« Combined jet mass:
pcalo
calo track ' T
mj = Wealo X My~ + Wirack X (mJ track]
Pt

[ATLAS-CONF-2017-018 ]

- Wealo and wrrack are pr-dependent functions of the calorimeter and track-based jet mass
resolutions used to optimize the combined mass resolution

ATLAS CONF 2016- 035

> 0.25 ]
8 _ATLAS Slmulatlon Prellmlnary _
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O B i
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0.3

T

—

- Vs =13 TeV, WZ - qqqq
0.25 L anti-k, R = 1.0 jets, n| < 2.0

: Trimmed (tcm = 0.05, RM =0.2)
LCW + JES + JMS calibrated

0.2

‘[TT:TTIT
-

0.15

Fractional jet mass resolution

0.1

------

TI‘!’IT

T

I

L] I L L 14 T

ATLAS Snmulatnon Prelummary

JETM-2017-002

ttttttttttttt

= Calorimeter mass
Track assisted mass

«w Combined mass

llllllllllll

-

PR ST
0.05 500

1000

P B S S B
1500 2000

2500
Truth jet p_ (GeV]

Searches for VV, VH, HH resonances

31


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2017-002/

STONY

VV=-lvqqg BRASK

ATLAS-CONF-2016-062
CMS PAS B2G-16-020

Limits with a narrow width assumption:
- natural width of the resonance much smaller than the experimental resolution (~8% of the

Mresonance)

— detector effects on the signal shape independent of the signal model used

— the observed limit is a limit on the on-shell cross section only and does not include contributions from
interference or PDF effects

> CMS Preliminary W— Iv 12.9 b (13 TeV)

S 10 T T ! ! 3

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII: 3 E -AsymptCLSEXpeCtedt1SdE
; ; — : -

ATLAS Preliminary ~ —e— Observed 95% CL upper limit | Asympt. CL; Expected » 25.d. |-

10 Vs =13 TeV, 13.2 ot - Expected 95% CL upper limit
[ ] Expected limit (+ 10)

[ ] Expected limit (+ 20)
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: omy x BR(G,  — WW), k=0.5
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""|'"|"|'|'|'H||"'

1
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o(pp —» G* > WW) [pb]

Ll S
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ATLAS-CONF-2016-062
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RS graviton - limits BRO'SK

Muon

B |CMS/!

Campont

« Currently the best limit on the bulk RS graviton coming from AILAS-CONE2016-062

CMS PAS B2G-16-020
WW=lvqq channel
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No limits with 13 fb! on Gpui
for k=0.5 (smaller cross section)
= but see new 36 fb! result in llvv channel!

Gouk excluded below 1.2 TeV for k = 1
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HVT to leptons BRESK

CMS-PAS-EXO-15-006

 Limits on HVT “model A” in fermionic final states:
- m(W’)<4.4 TeV
- m(Z')<3.15 TeV
» More stringent than the limits on "model B”
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g-‘ 0 E_ Q 10_4 ]: | T T T T T T | T T T T | T T T T | T T T T | T T T T —
m F + - CMS — obs, width = 0% =
- —_— = - . — obs, width = 0.6% ]
_ J | Preliminary —— obs, width = 3% -
= + = NN e median, width = 0% -
A ] 2 2 fb-1 N U median, width = 0.6%
= ) S 107 AL L A median, width = 3% =
= = Rt Z'<y (LOX1.3) -
- — 7', (LOX1.3) ]
= 3 i :
- 1
?‘i 10_6 = DL\ G =
— N - = 2T R =
- ’l\ B TeLLTILITRREITIRDN; =
o
_ s T
= 5 F
|: | | | 10—7 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
L1 11 L 111 L1 11 L1 11 L1 11 L1 11 [ | L1 11 L1 11 L1 1 500 1000 1500 2000 2500 3OOOhA [G 3\/5]00
e
ity GeV)

Lj. Morvaj, LHCP2017 Searches for VV, VH, HH resonances 37



