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e Longitudinal polarization of the W and Z directly
related to electroweak symmetry breaking
o Could be an excellent place to find new

physics
e We have never been able to do it before
q Qtag

q Gtag






e Just at the start of exploring this interesting sector, so far

results are just for 8 TeV

m Same Sign WW + jj
o ATLAS-STDM-2013-06
m WZHj
o ATLAS-STDM-2014-02
m WV ( Semi-leptonic VBS ) + jj
e Preliminary Plots:STDM-2015-09
m yy—WW
e ATLAS-STDM-2015-10
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e Final state signatures with two “tag” jets come from two
categories™
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EWK and Strong
Production by channel
o After some
analysis cuts to
suppress QCD
Same Sign W+W+ has
no gluon initial states
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BVVjj-EW at /5 =8 TeV
L |BvV;ij-QCD at /s = 8 TeV
BVVii-EW at /s = 13 TeV

BvV;j-QCD at /s =13 TeV
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e Experimental Signatures
o 2 Jets with large M(j,j)
o 2 Jets with large rapidity separation
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e Often how we describe sensitivity to new physics
o Allow for new operators in the Lagrangian typically Dimension 8 for aQGC

o  Generally produces production enhancements at high boson pT

e ATLAS has been using the a,,a, parameterization
o A. Alboteanu, W. Kilian, and J. Reuter, J. High Energy Phys. 11 (2008) 010.
o T. Appelquist and C. Bernard,Phys. Rev. D 22, 200 (1980);

o A. C. Longhitano, Phys. Rev. D22, 1166 (1980); Nucl. Phys. B188, 118 (1981)

o |If a,,0, become too large these models become unphysical (are un-unitarized)
o ATLAS addresses this with a K-Matrix procedure
m A Alboteanu, W. Kilian, and J. Reuter, J. High Energy Phys. 11 (2008) 010
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e Reminder of the first evidence for

) ] % '|'A_'n|-A'S'|"'|"'l'."ll:')'t'|2'0'1'2|"'|"':
electroweak diboson production S 1) 2031 15=8TeV £ Syst. Uncertainty =
e Look for two leptons (e/u) with identical 2 . = WA St o2
. > i P t _
electric Charge w10 {28 C;)onTgrsions 3
) ) .. . _t%t B Other non-prompt
e 2 jets with large M(j,j) and dY(j,j) 1 bove: -
o Slight excess in data seen over SM prediction W
o 3.6 Sigma over background only prediction - i
e Setlimits on a,,o. coupling S
o Unitarized with a k-matrix B B "1 e Data/Bkg
§ i : [ Bkg Uncertainty
S f | ¢ (Sig+Bkg)/Bkg__|
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M+u cleanest channel
No charge mis-id

e+J has the most events
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ptptjj Candidate Event
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AT
B EXPERTMENT

Run Number: 207490, Event Number: 33152138
Date: 2012-07-26 04:16:35 UTC

Inclusive Region VBS Region

EC etut it . et ut et
Prompt 3.0 £ 0.7 6.1 +1.3 26 +0.6 224+05 42+ 1.0 19+05
Conversions 3.2+ 07 24 £038 - 21+05 19407 -
Other non-prompt 061+030 19+08 041+022|0504+026 15+£06 034+0.19
WEW=35 Strong 0.890+ 015 25+04 142+023|0254+006 0.71+0.14 0.38 &+ 0.08
WEW=45 Electroweak | 3.07 =030 9.0+ 038 494+ 05 |255+£025 73406 40404
Total background 6.8 + 1.2 10.3 + 2.0 3.0+ 06 50409 83+16 26 +0.5
Total predicted 107+14 217426 93410 | 76+10 156+20 66+ 08 A1/ AcSTDN2013.06
Data 12 26 12 6 18 10
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« Use a simple counting experiment to extract cross section and limits

o AL I I B I R I I I R
ATLAS SM 6YBS=0.95 + 0.06 [fb] ® S ATLAS .
20.3 fb”,1s=8 TeV NLO, POWHEG-BOX, CT10 0.8 203", \s=8TeV
. 0.4E pp—> W W' 1
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« This limit is frequently used as a baseline comparison for newer studies
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e \Very preliminary plots available for same-sign leptons + 2 jets from tri-boson

production. Signal at M(j,j) = M, instead at large M(j,j), probes same coupling
o See Tri-boson talk by Julia Djuvsland

ATLAS Preliminary —e- Data

> F .
3 60F ]
| /‘ / £+V Q | 1s=8TeV,203 fo w;vw i
; 50 Wil Fake L —
e F mm Vy ]
2 4oL Charge Flip L.
w e I Other Bkg. ]
303_ ee+ep+u W mass sideband VR
[/ [/ 20 _g// 7 =
%Y 10/ e, E
" \ "///*/// 3
i L
@ |
o 1.5F | —
‘/‘/ T | A 7 % ;
JJ i
0.5 |

50 100 150 200 250 _ 300
. . m; [GeV]
Signal Side-Band
12
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e Three lepton selection with two jets

o  One region optimized to measure standard model VBS production
m  High M(j,j)
o A second region is optimized to observe contributions from anomalous couplings
m High pT, and high A®

Variable Total Fiducial and aTGC |VBS aQGC
Lepton |n| — <25 < 2.0 < 2.0

pr of £z, pr of by [GeV] — > 15, =20 = 18, = 20 3= 15, 20
my range [GeV] 66 — 116 |mz —myPY <10 |mz —miPY <10 |mz —mbEPC| <10
m¥ [GeV] - >80 > 30 > 30
AR(€5,65), ARz, bw) — > 0.2, > 0.3 > 0.2, > 0.3 > 0.2, > 0.3
pr two leading jets [GeV] — — > 30 > 30

In;| two leading jets — — < 4.5 <45

Jet multiplicity — = > 2 =2

m;j; [GeV] . — > 500 > 500
AR(j,0) — — > 0.3 > 0.3
AG(W, )| — — = >3

> Iph| [GeV] — — — > 250
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ATLAS-STDM-2014-02
e Slight excess seen in
data ConSIStent Wlth Selection VBS aQGC (%_'%‘ E ATLAS . ® Data 2012 g
Data 45 9 = L 1s=8TeV, 20.3fb — Sherpa E 10 -Eb
expectation Total Expected 372411 49+03 . k4, Sherpa WZFEW 3 <
p E pe o e Powheg i
" WZ35-EW 744+£02 11£01 <« N v MC@NLO 1
o Notyetsensitive tothe ;% o 208+08 28+03 & f Wz evee |
SM £Z 30£01 03+£00 T | e : -
o 95% limits are quoted Misid. leptons ~ 2.540.6 0.1+0.1 0o —| —
) b7 19403 02401 E ettt
without the tZ+] 0 -
Z/'y* 95% CL upper limit on OWs g i BW s it [fb] :,é;' 2:_
1 ‘; VBS only VBS + tZj S r
> d VBS phase space je) ++ L
Observed 0.63 0.67 S 1
wW wW Expected 0.45 0.49 g : """"" e e ._ N—
b ¢ (J_(J +10 Expected [0.28;0.62] [0.33;0.67] . —— .
> > \ +20 Expected [0.08;0.80] [0.19;0.84] 0 200 400 600 800 m 1[%0:\/‘?0

b
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e Complementary to ssWW
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e Measuring VBS in a semi-leptonic

channel has many advantages
o Signal from multiple sources

m OSWW
m SSWW
m WZ

o Can reconstruct boson kinematics
e Tends to suffer from higher

background
o Makes SM measurements hard

o Background falls as you move to higher pTs,

making this channel ideal for aQGC
measurements
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e Resolved (small-R jet) selection: e Event Selection
o  Atleast 4 small-R jets o M(,))>900 GeV (tag jets)
o Select jet pair with 64<m(jj)<96 GeV as W-jet © MET>30GeV
candidates. o  Boson Centrality > 0.9
o From the non W-jets, max mjj pair are the VBS { = min{An_,An.},
“tagging” jets ) )
sEns An- = min{n;} — min{n;,,.nj,,}

e Merged (large-R jet) selection:
o  Atleast 2 small-R jets and 1 large-R jet.
o 64 <m(J)<96 GeV

o Large-R jet with mass closest to W-mass is chosen

Any = max{nj,,.nj,,} —max{n;}.

to be V->qq candidate.
©  max mjj pair -> VBS “tagging” jets
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e Like M(j,j), and d¥Y(j,j), boson centrality is a good VBS separator
o Also correlated to M(j,j) / dY(j,j)

2 L < {8 ATLAS Preliminary  #-Daa  [Jwsjets
S 25 ATLAS @ Data 2012 7 2 jeC Eg i Eimg'e'mp
w 2 a4 Syst. U taint . o | 1s=8TeV,20.2fb" iboson +jets
- 20.31b Tys=8TeV V\y?N ” rI]E(igcr:terl(l)r\]Nxéak : -g 14— s ® |/:|Multijet. [l SM EWK WV
201 Incl. SR, ee+ep+up W*W=jj Strong 7 M, WoW VU SR g ncenlnty
B . WZHy, LWz ] 121~ iy
152 B Other non-prompt 10—
—Same Sign WW OS prompt leptons C :
- Same Sig Wiy . 8
0F . 6 ;
- i 4
- ] 2 5
S ] ] L _—
8 o . 2.5
o T = 2
3 2 3 4 8 1'? /%
©
g 0 0.5
Lepton outside of jet pair Lepton(s) inside of jet pair -2
(At higher eta) (At Lower eta) Boson centrallty
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e Dominant backgrounds are top quark pair
production and W+jets

_ . o % 405 ATLAS Preliminary +-Data  [Wajets
o Model with MC, but use data driven normalizations © g35E O [ Single-top
) ) i b= = \s=8TeV,20.21b" [l Diboson [l Z+ets
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@ = W lv, V—J, Wajets VR 7 Uncertainty
£ 25K
@ 180 a71as Preliminary =~ +Data  [Wsjets 0 =
O 160 Ot [ Single-top 20
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& 100 10;_ T
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20
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z .2 , S 05 1 i
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e After cut fit for aQGC points in three regions, resolved I*, resolved I, merged
e Excellent aQGC sensitivity in resolved channel

= 60— imi —0,=0.10 E
2 60F ATLAS PrellmlrLary jgaztg'os B SR WY 2 F ATLAS Preliminary —+-Data ~ —,=0.10 216~  ATLAS Preliminary_+Data  —,=0.10
O b (S=8TeV.2020° Ly g O70F \s=8TeV,202fp"  — %005 MESMEWKWY O E \s=8TeV,20.210" o,=0.05  MISM EWK WV
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SIS ATLAS | 1s=8TeV, 202
Deficit seen in regions most F re"m'”ary K-matrix unitarization
sensitive to aQGC B N
o Better limit than expect 02 RN
ol BN e N
Most stringent limit to date on a,, _0_25_ ........
a. by significant margin N AT
o Both expected and observed e S, 855 BL. WA
06— exp. 95% CL, WVjj |
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08— __ ops.95%cCL Wz |
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350405 05 0 0™ 0102 65 04 b
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e A different set of aQGC involving photons and higgs

: . . : 10T T T T T T T T T3
production can be probed with exclusive production 2 " F ATLAS " e bammiz Emciww
. . . i > I~ o _ - Cziy* >t [ JExc. ww
e Protons can survive these interactions relatively 0 qpt 19=8TeV,202M Eotersig EMEwclt
. . . E ion [ Oother Vv  %Z4sys.@stat.
intact, and go directly down the beam pipe o .
® Signature here is two leptons, with very little other 1025 ,,,,,
activity in the event
10 e
P2
-

]

107"
1.4F s
(% 12 :_+‘ ............ “. ............ .. P ® .:
rORl _ = e ® -
g 08; ........ z
06:I T T R P IR R [T I SR :

0 2 4 6 8 10 12 14 16 18
> Number of extra tracks
p1
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ATLAS-STDM-2015-10

Events / 0.02 mm

e+ final state used to reduce Z[1{f background

“Extra tracks” are matched back to the lepton pair’s vertex
o AZ with the closest extra track used as a discriminant

ATLAS

\s=8TeV, 20.2 b’

0.5 1

® (1-|Agu|/T)>0.5

[ Elastic yy—up

WHW ~ selection

Higgs boson selection

Preselection

Oppositely charg

ed ey final states

pH > 25 GeV and p > 20 GeV

P& > 25 GeV and p > 15 GeV

Mgy > 20 GeV

Mey > 10 GeV

|||IIII‘IIII|II|

pt > 30 GeV

Exclusivity selection, Az

iso

aQGC signal

p > 120 GeV

25 3 Spin-0 Higgs boson

Az, [mm]

Mey < 55 GeV
A, < 1.8

mT < 140 GeV
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%ATLAS Ran: 203432

EXPERIMENT Event: 53911100
th'//utIus.ch 2012-05-15 13:35:15 CEST
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e Additional cuts on the pT of the e/mu system can be used to extract a cross section (> 30 GeV) and
even tighter cuts can be used for the aQGC (> 120 GeV)
e Cross section (fiducial) agrees with SM prediction of 4.4 &= 0.3 fb

Cross Section

aQGC
— 0.002 — T T T T T
4 Y - I ]
> 1 0 T T I T 1T I T 1T T T T T | T T | T | T T I T T T | T I; > : Je—— :
8 ATLAS --D4ta2012 [ ]Incl WW = 8 00015 - ¢ ATLAS i
4 _ ~, - S N _ 3 n
© 10°L \s=8[Tev,20.21b" [legcl.ww Elecs ] o F ls=8TeV, 202007 4
A .’ ] [Jzif*>tt  Zsys.ostat. < o001 vy = W'w -
» Excl. WW signal region 3 20 F 7
£ , [ other vv . © F Aguiorr = 500 GeV .
o 10° | al//A? = 2.0e-4 GeVP, aV/A? = 0, A = 500 GeV 3 QRR0S = e
w e T all/A?= 0, aV/A® = -5.5e-4 GeV'?, A = 500 GeV ] C ]
------ a¥/A? = 7.5e-6 GeV[’, a"/A® = 0, no form factor —| 8 E B
10 c E = 3
3 -0.0005 - *® Standard Model -
y S _ Eoeeee CMS 7 TeV 95% CL ]
...... ) 1o g 0001 [~ — CMS 8 TeV 95% CL -
] --------- 7] F —— CMS7+8TeV95%CL ]
10, | T = 0.0015 — ATLAS 8 TeV 95% CL A
= —— ATLAS 8 TeV 95% CL 1D limits e : ]
5 | -0.002 I I S (N A AT T SO NN SO NS R S S N R R
10 0 20 40 60 80 100 120 140 160 180 200 -0.0006 -0.0004 -0.0002 0 0.0002 0.00;)4 0.:006
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The LHC 8 TeV has provided a wealth of information about electroweak
interactions
o We've gone from having no experimental knowledge in this sector to some measurements and

several good limits

o So far predictions are not completely different from experiment, but it is hard to claim more
than this with current precision

o  Statistics remain the dominant uncertainty

There is still an awfully lot to do

o With the LHC at 13 TeV expect more data and better precision
o The data is coming in fast, so you may not have to wait long!
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