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ATLAS  Introduction

Overview

* Diboson searches in this talk
* VW— qqqq
- VW — wqq, Ivqq, llqq
 VH— vvbb, Ivbb, IlIbb
e HH — bbbb

V: Wor Zboson
H : Higgs

* Boosted topology optimisations in Run Il

* Based on 2015 data at 13 TeV
* Integrated luminosity : 3.2 fb™’

* Benchmark models
* Spin-0 : Extended Higgs sector
* Spin-1: Heavy Vector Triples (HVT)
Model A : stronger constraints from leptonic searches
*  Model B : enhanced couplings to dibosons

* Spin-2 : Randall-Sundrum Gravitons (RSG)

Reconstruct decay product of resonance X
Look for a peak on a smooth background.

Warped extra dimensions

& S —
& Higgs
Gauge Boson

- B N

V — - 7 IR
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ATLAS  Introduction

Special ingredients

* Large-R jets (AntiKt R = 1.0) large-R jet

* Boosted decay products become more collimated

* Rule of thumb for angular separation of decay products:

AR =NAn? + A®* ~ 2m/p;

* Grooming techniques employed to remove pile-up and soft QCD
e trimming (R, =0.2,f_.=5%)

sub ’» Tcut
* possible due to the fine calorimeter granularity

(0.003x0.1 to 0.1x0.1 in AnXA@)

large-R jet

* Substructure variables exploited to identify source
« Wj/Ztagger :[Mass]+ [D2] — tuned selections vs. p;
ATL-PHYS-PUB-2015-033
* Higgs tagger : [Mass] + [b-tagging on R = 0.2 track based jets]
ATL-PHYS-PUB-2015-035 Higgs decays
my =125 GeV

* b-quark tagging

* H — bb larger branching fraction than all other Higgs
decays combined

* Use dedicated “b-tagging” algorithms to identify b-quarks
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ATLAS  Introduction

Reminder of Run 1 excesses in diboson searches

« ATLAS : 2.50 excess (M, =2 TeV) for fully hadronic W' — WZ [arXiv:1506.00962]
* significance decreases in combination with semileptonic channels [arXiv:1512.05099]

« CMS :1.90 excess (M,,= 1.8 TeV) for W' — WH — Ivbb [arXiv:1601.0643]

* ATLAS : no excess in W' — WH — |vbb [arXiv:1503.08089]
* Less sensitive to high mass resonances with resolved jet analysis
* ForRun 2:
* Use boosted jet selection (large-R jets)
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$ATLAS WV searches

Overview

* At least one hadronically decaying V (reconstructed as large-R jet)
* Hadronic W and Z signal regions patrtially overlap
* Different VV states are orthogonal

* Interpretations :
* Heavy Vector Triplets
* Randal-Sundrum gravitions
* scalar resonances

v . "V v
h b h b h )
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$ATLAS WV searches .

arXiv:1606.04833

VV — qqqq : selection

= T T T T T T T T T T T

* Two large-R (R = 1.0) anti-kt jets (groomed)

g 1800 ATLAS —e— data —§
. pT > 450 and 200 Gev S 1600;_ ;tiz-;(SRE\.i) jitzsf':')rimmed (t,=5% R_,=0.2) !;}’:Zi::\/c;iji: - _;
e W/Z boson tagged W 14001 =
* 50% efficiency working point 1200F- N
* QCD rejection factor of 40-70 per jet 1000 =
8001~ 5
600 —
y Ntrack <30 / 400 3
o N is number of tracks : 200 =
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ATLAS  \/V searches

arXiv:1606.04833
VV — qqqq : results

* Partially overlapping signal regions * Limits set on HVT and RSG models

e 77, WW, WZ ¢ Combined with semileptonic channels
e W/Z mass windows overlapping * Shown on slides 10-11

* No significant deviations found in Run Il data
* Reminder: Run | excess ~ 2 TeV
* Not seenin Run |l 2015 data

* (but also lower sensitivity compared to Run 1)
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$ATLAS WV searches .

arXiv:1606.04833

VV — vvqq, Ivqq, llqgq : selection

* One large-R (R = 1.0) anti-kt jet (groomed)
* pT>200 GeV
*  W/Z boson tagged
*  50% efficiency working point
* QCD rejection factor of 40-70 per jet

* Three lepton channels :

* 0 lepton channel * 1 lepton channel * 2 lepton channel

* veto on leptons * exactly 1 lepton * exactly 2 leptons

« E;Mss > 250 GeV « E{Mss>100 GeV « p{"/>0.4m,

. ETmiSS’ meiss’ jet . pT/V/J >0.4m,,, * b-jet veto

angular cuts * b-jet veto
* b-jet veto
* Bkgs: V+jets, tt, Diboson * Bkgs: W+jet, tt, Diboson * Bkgs: Z+jets, Diboson
vjet vjet Vjet
v, 'z Vv,
P > < p P >/« p P > p

z SW Z
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ATLAS  \/V searches

arXiv:1606.04833
VV — vvqq, Ivqq, liqq : results

* Backgrounds estimated from MC and checked in control
regions (CR) :

* Jet mass sidebands for V+jet £
* Additional b-tags for tt 0
L
* CRs included in the final fit
* constrain normalisation
 No significant excesses observed in m,,, and my,,, distributions
' Mz m,
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ATLAS  \/V searches

arXiv:1606.04833

VV — qqqq, vvqq, lvqq, liqq : summary

* Limits are set at 95% CL, interpretations : HVT, RSG, Heavy Higgs

= L L B L B B 7
% - ATLAS . ——Observed CL limit 1
S 10 's=13Tev,32f0"  ...Expected CLg limit E
?T & [ Expected + 16 ]
5 [ 1Expected £ 20 7
@ 18 S Scalar Singlet (NDA) =
% i Tee, e Scalar Singlet (Unsupp.)
% 10'15_ e =
T T e :
10-22_ .............
- oww/zz e f
_3_ ...... |
107 Scalar—>VV (quq + Iqu + qu + qqqq) ........ E
T L ot il
500 1 000 1 500 2000 2500 3000
mScaIar [GeV]
o) :|||||||||||||||||||||.|.||: 310:||||||||||||||||||||||||E
S C ATLAS —— Observed CL limit = F\ ATLAS —— Observed CL, limit 3
S 0EN\s-teTev,s2m’ L pRTE ™ S [ \ls=13TeV,3.2fp" --- Expected CL limit 7
|1 Expected + 26 ] i) 1k I Expected £ 1o _
; 1 — HVT Model A, g =1 _| (,? g Expected + 26 E
1 § — HVT Model B, =3 3 g . — pp—GIWY ]
< - ] 5 - ) ]
MR = ~ 107E G*>WW/ZZ -
g : : llga+lvag+vvag+gaaq 3
1025 HVT-WZ/WW E 2‘ .
E 10°
c Iqu+lqu+vqu+qqqq g
3Ly I R T R S N | Ly o b N L
10 500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
my,r [GeV] me- [GeV]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-01/
10

Kristian Gregersen (University College London) - Searches for diboson resonances with ATLAS - LHCP2016 in Lund, Sweden — Thursday 16.06.2016


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-01/

ATLAS  \/V searches

arXiv:1606.04833

VV — qqqq, vvqq, lvqq, liqq : summary

* Limits are set at 95% CL, interpretations : HVT, RSG, Heavy Higgs
* Break-down into individual channels
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-01/

$arLAs  VH searches

Overview
* H decaying to bb (reconstructed as large-R jet)
* V decaying leptonically

* Interpretations :
* Heavy Vector Triplets
* 2 Higgs Doublet Models (2HDM)

q w/zv v (0Olep)
v (1lep)
I*I- (2lep)
V/
q(’) H

b

12
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$arLAs  VH searches

.

VH — vvbb, Ivbb, libb : selection

ATLAS-CONF-2015-074

1-lepton : m, sideband + 1 add. b-tag CR

* One large-R (R = 1.0) anti-kt jet (groomed) > F L N B B
* pT>250GeV, O 500 ATLAS Preliminary __’_.ga_lfzv VT x50 ]
« 75<m; <145 GeV 2 [ \s=13TeV,3210" [Dtt+singlet ]
-~ - ’ [ diboson s
* lor2 b-tqgs . . % 400: My, <75GeV || m,, > 145 GeV CIW+ ]
* b-tagging on track-jets assoc. to large-R jet z - IvJ, 1 b-tag, tt CR =m§ .
| v E
* Three lepton channels : - = .
« 0 lepton : lepton veto, E.Miss > 200 GeV 2001 B sh v E
. C ~uncertaint ]
e 1lepton : one isol. lepton, E;™'ss > 100 GeV 1003_ - pre-fit Y _—
* 2lepton : two isol. leptons, Z mass constraint - .
0_ ' ; P UTIIT B B
| | 0 1000 2000 ~ 3000 4000 5000
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* Main backgrounds & - I, 1btag Bz« -
* 0Olepton . Z+jets 40 g =§+; =
* 1 lepton  tt, W+jets 30 o smvH E
* 2lepton : Z+jets 205_ ~ uncertainty _E
n === pre-fit -
* Backgrounds constrained in control regions == e E
* Simultaneous fit to SR and CR 0 A NI B
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Kristian Gregersen (University College London) - Searches for diboson resonances with ATLAS - LHCP2016 in Lund, Sweden — Thursday 16.06.2016

13


https://cds.cern.ch/record/2114846
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ATLAS

EXPERIMENT

VH searches

VH — vvbb,

o(pp — Z' — ZH) x BR(H — bb,cT) [pb]

_.
<

—
<
N

Ivbb , libb

results

« No significant excesses observed in m,,, and my,,, distributions

* Limits are set at 95% CL, interpretations : HVT, 2HDM
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$arLas  HH searches

Overview
* H decaying to bb
* Resolved and Boosted analyses

* Interpretations :
* RS Gravitons
e Scalar

15
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$arLas  HH searches &

arXiv:1606.04782

HH — bbbb : selection Resolved analysis
+ Run | analyses 5 " anas Wimaee W03
* bbyy, bbTt, bbWW , bbbb s 2500 T T ; o
« bbbb most sensitive for m, > 500 GeV = 2005_ 250 2
- 200 @
* Runll 1501
* Priority : push sensitivity boundary with bbbb 1005_
* Resolved analysis 501 5o
* 4 small-R (R = 0.4) anti-kt jets -
 pT(dijet) > 150 GeV, dR(j,j) < 1.5 in dijets % 50 100 150 200 250 300 °
* 4 Db-tags misad [GeV]
* Boosted analysis Boosted analysis
« 2large-R (R = 1.0) anti-kt jets (groomed) > 120
* ghost assoc. track jets 8 F ATLAS
* 3or4b-tags g ool P, Boosted 3t
< 80— ¢ Data
L‘|‘>_I’ E [ Muljet
* BaCkgroundS . 605 gtat Uncertainty
* multi-jet (90%), tt (10%) “F N o e ey
« multijet estimated with (2-tag SR) * Ug4epand 2011
- validated in CR with (2-tag CR) * U iyepand 5 I
« Resolved Y yepang from ratio (4-tag / 2-tag) 'j'\; 188 - e TR
. Boosted ' Msigepang from fit jet mass (top peak) S 600 800 1000 1200 1400 1600 1800 2000

m,, [GeV]
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$arLas  HH searches .

arXiv:1606.04782

HH — bbbb : results

« No significant excesses observed in m, distributions > 16
& ATLAS
g 14 1s=13 TeV, 3.2 0™
* Limits are set at 95% CL 3 12 ol Resoles
. . . [
* interpretations : Graviton, scalar resonance 210 ) Muttjet
It

XY  Syst+Stat Uncertainty
------- G*(800) k/Mp, = 1.0

8

* Sensitivity to BSM already at Run | level i
* pushing phase space to “ultra”-boosted region 5

3

2

;

|I_I III|III||II|HI|III|III|III|\

— R = 0.2 track jets inside large-R jet start merging

— b-tagging efficiency drops since tracks become collimated s H L
2 s SN :f}\%\\\ S
. .. ol L —— + . ,
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$ATLAS  Conclusions

Diboson searches summary

* Latest ATLAS Run Il results of diboson searches presented.

* No significant excesses observed with 2015 data at 13 TeV — but not enough data
in 2015 to settle the diboson excess observed at the boosted VV at the end of Run |...

* Many new resonances decay to VV, VH , HH — one of the most direct ways to discover
new physics at the TeV scale.

* Boosted object reconstruction important key to probe high mass regions — methodology
has matured — but still many opportunities for improvement!

* Already started recording data in 2016 — more data coming soon — stay tuned !!
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ATLAS  Back-up

19

Kristian Gregersen (University College London) - Searches for diboson resonances with ATLAS - LHCP2016 in Lund, Sweden — Thursday 16.06.2016



$ATLAS

EXPERIMENT

Back-up

.

VV — vvqq

’ quq ’

llqq : summary

* Comparison of 8 TeV and 13 TeV results

102

10

*

o(pp— W' — WZ) [pb]

Kristian Gregersen (University College London)

10500

ST TTLAT
T

{s=8 TeV, 20.3 fo!
—— Observed CL, limit

{s=13TeV, 3.2 fb!
— Observed CL, limit

...... Expected CL_limit ~ ----- Expected CL_limit
IIIIIIIIIII EGM W', c=1 ==+ HVT Model A, g =1
o ATLAS
Oo%%q ,./.'0 \,\l'--> \/\IZZ

" llgaivaa+vvaaagag

g

1, -

1, "y
“, e

-~y
gy

---------

g
(7]

1 11 lllld L 111l

11 IIIlId

~1 111 1Id

1
1000

A L
1500 2000 2500

73000

m,, [GeV]

o(pp— G* — VV) [pb]

102

10

arXiv:1606.04833

W ETTTT

Illq

T

T T T T | T T T T I T T T T I T T T T I T T T T

Vs=8 TeV, 20.3 fb!
—— Observed CL, limit

{s=13TeV, 3.2 fb"
— Observed CL, limit

------ Expected CL_limit  ------ Expected CL_limit "3
S Bulk-RS G*, c=1.0  =i=:s Bulk-RS G*, c=1.0
" ATLAS

' G*— WW/ZZ
llga+vaq+vvag+gaqq

.
Lo
a

~
~
-
L}
-
—a

>
L]
LI
----------
"ama

-
"
.....

1 1 1 1 I 1 1 1 I I 1 1 1 1 I lhl 1 1 I 1 1 1 1

[y T

500

1000 1 500 2000 2500

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-01/

- Searches for diboson resonances with ATLAS -

LHCP2016 in Lund, Sweden — Thursday 16.06.2016

3000
mg. [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-01/

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

