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*¢* First 13 TeV multi-V results available...

E\ I T 1 1 | I I I I Ll 1 I | 1 T I I E\ 60 I T Ll I | 1 1 I I Ll 1 1 | 1 T I I
o B CMS Q R CMS |
‘_r:l - ¢ CMS 4l channel Preliminary ‘_r:I i e CMS Preliminary |
N 20—  m  CMS 212y channel = = - A ATLAS .
2 | A ATLAS 4ichannel ) T 80— MCEM NLO
L a _— ; u -
Dﬂ_ | v ATLAS 41212y - Dﬂ_ L MMPDF3.0, fixed W=y = M,
- MATRIX NNLO (qg+qg+gg) ' . ]
NNFDF3.0, fixed - p - M, _ B 7]
15— 40 — _
L MCFM NLO+gg - n _
NNPOF3.0, fxed b - b, - M, | L i
‘o 7 30— —
] [ WZ |
20— —
5 — L _
I 1 1 | 1 1 1 | 1 1 1 | | 1 1 I 101 1 1 1 | 1 l 1 1 | | | 1 1 | —
6 8 10 12 14 6 8 10 12 14
Vs (TeV) Vs (TeV)
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*¢* First 13 TeV multi-V results available...

E\ I T L) I | 1 1 T I Ll L) 1 | I T T I E\ 80 I T Ll 1 | I I T I Ll L) I | I T T I
(o} B CMS Q i CMS |
‘_r:l - ¢ CMS 4l channel Preliminary ‘_r:I i e CMS Preliminary |
N 20—  m  CMS 212y channel = = - A ATLAS .
2 | A ATLAS 4ichannel ) T 80— MCEM NLO ]
L a — oxod 1L — 1L =
Dﬂ_ | v ATLAS 41212y Dﬂ_ L MMPDF3.0, fixed W=y = M, |
- MATRIX NNLO (qg+qg+gg) i ]
L NNFDF3.0, fixed - p - M, _ B 7]
15 40 — _
L MCFM NLO+gg i L |
NNPOF3.0, faed =i, = M, | N _
‘o 7 30— —
) 20 — —
5 — —] - -
I 1 1 | 1 1 1 | 1 1 1 | | 1 1 I 10 =
6 8 10 12 14
Vs (TeV)

¢ ... but nothing on anomalous couplings so far
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*¢* First 13 TeV multi-V results available...

8 ['._ & 4 ATLASOnline Luminosity /s=13Tev 7 Toms ]
L ® | | Preliminar
NT 20— w cus "% B -LHC Delivered | ’ ]
s | 42 0.8 [ ] ATLAS Recorded ] -
@] - V¥ ATL# é dl :
sl w3 - Total Delivered: 0.783 fb" 5 -
L w5 - Total Recorded: 0.727 fb 7 ~
n ) 4q__2 06__ __ -
: S - Optimistic scenario: - ;
10 — QO B | i
i 04  +1/fb per week . Wz
i 8 . Goal 2016: ~25/fb ] ]
51— = 02__ __ :
—_|_|_|_ : : L 0 |_-
6 0 ITEN—— - ' TR TSSO O SO O B 12 . 14
20/04  27/04 04/05 11/05 18/05  25/05 Vs (TeV)

Day in 2016
¢ ... but nothing on anomalous couplings so far
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Introduction

¢ Vector boson self-interactions in the SM: study processes
including triple and quartic gauge couplings (TGCs and QGCs)
= Measurements allow precision tests of SM predictions @ (N)NLO
= “Model-independent” probe for new phenomena
= QGC processes are just being established — new territory!
= Multi-boson production is important background for other processes

*»* Experimental access to probe for aGCs:
= aTGCs: VBF Vjj and VV production
= aQGCs: VBS VVjj and VVV production
= Datasets so far: 7 TeV: ~5/fb, 8 TeV: ~20/fb, 13 TeV: ~3/fb in 2015

= Rely mainly on leptonic W/Z decay channels to allow signal extraction
from large BG (/=e or )

= Experimental signature: isolated high p; leptons/photons, MET if v
present, “tagging jets” if VBF/VBS

Marc-André Pleier 4/20 Brookhaven National Laboratory



Recent VBF/VV results
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Recent VV results
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VBF/VV Production and aTGCs

** Overview of studied aTGCs:

Coupling Parameters Channel c=f ﬁ
WWey W WW, W+, VBF-W i
WWZ  Agé,Akz, Az WW,WZ, VBF-W, VBF-Z S B

Zvy hs, hy Zy g s
ZyZ h, h? Zy S 8
77~ 1,17 ZZ  fYviolatecP & &
2727 FE, 12 27 = S

** Experimental access: aTGCs modify total production rate as
well as event kinematics

m Use cross-section measurement or kinematics to constrain aTGCs

** A suppression factor depending on a scale A ensures
conservation of unitarity (divergent xsecs at high /s ):

A A
)\(S) — (1+§/0A2)n

Marc-André Pleier 6/20 Brookhaven National Laboratory



Zy — {0y, vvy @ 8 TeV

Marc-André Pleier
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. , arXiv:1604.05232
“ e*e / ut u or MET plus isolated photon(s)
¢ Early NNLO fully differential calculation for Zy in 2013
=3 = T TS
&} 02_ e Data — T T LI [ T
8 WWE g RIRE Sherpa (CT10) =
= E ; = ATLAS
= C 44% MCFM (CT10) . pp — Zy N,.20 6= BTeV 203 fb”
=| = 10F = —a— 2\ NNLO (MMHT2014)3 ) T
ég : el n *  Measurement
3 = —— _EI eey — Tot. uncertainty
10 1é_ ATLAS e _;l Stat. uncertainty
= = Wy -
- \s=8TeV,20.3fb" e NNLO
102 o
E . My * 20
107 Nis=0 I'l'y channel -
- WY -
1[:-4_ L ! . L IIIIIIIIIIIIIIIIIII lIIIIIIlIIIIIIIIlI
14 0 02 04 06 08 1 12 14 16 18 2
g E 1.21 R Gdala"fﬁmaury
m m N S T s s e Ay e, e . e
g =X e sssssisisiiniiiiiit
|_ UB M W IS z A
50 86 96 110 135 170 210 270 350 470 640 2000
My, [GeV]

Brookhaven National Laboratory


http://arxiv.org/abs/1604.05232
http://arxiv.org/pdf/1309.7000.pdf

Zy — {0y, vvy @ 8 TeV

arXiv:1604.05232

“ e*e / ut u or MET plus isolated photon(s)
** Early NNLO fully dlfferentlal calculation for Zy in 2013

u -
E ’ g{mnh 0.0001 ATLAS - -3 d h |
5 - - - VY =0, s App=o0 V danae c anﬂe S
o 10°E = zivwy s " \s=8TeV,203f" I x10° VY. iy and eey channels —
B v+ jets 3 A e Data nbﬁerved i
3 Wy ] 0.1— —— MC expected -
10 1 Wiev) = s CJt2o
Bl Z(vv)jets - [ Bl o i
B 2ty ... . 0.05— —— Unitarity bounds  —
1{]3 stal.® syst. : = F ]
"""""" ] 0 Allowed
10° = L i
- ~0.05 —
10 E ATLAS -
~0.1 \s=8 TeV, 20.3 fb" ]
E1.15? ] P PP N N T T B N
o F : 3 35 4 45 5 55 6 65 7
= 1-— ---- s ‘MWﬁw>m>a Ap, [TeV]
Q . f ;
m 0.5 Il ]
130 200 350 1000
E} [GeV]

** Exclusive evts used for aTGC limits; NLO ewk corrs not included

Marc-André Pleier 7/20 Brookhaven National Laboratory


http://arxiv.org/abs/1604.05232
http://arxiv.org/pdf/1309.7000.pdf
https://arxiv.org/abs/1510.08742

WW — /viv @ 8 TeV
arXiv:1603.01702

¢ 2 isolated leptons (e or u) of opposite charge, MET, no jets
(CMS: <1 jets)

** qq, gg, gg(H) production mechanisms (CMS subtracts gg(H))

= - ATLAS
3% L NNLO WW (MSTW PDF) (arXiv:1408.5243 [hep-ph])
%* + NNLO H->WW (MSTW PDF) (arXiv:1307.1347 [hep-ph])

102 — WW (pp)
— WW (pp)

(incl. H— WW above 7 TeV) LHC Data 2012 (1s=8 TeV)

® ATLAS WW (20.3 fb™)

O CMSWW (19.4 b
+ H— WW contribution
LHC Data 2011 (\s=7 TeV)

O ATLAS WW (4.6 fb™)

® CMSWW (4.9 b7
Tevatron (Vs=1.96 TeV)

A CDF WW (3.6 b

| Y DO w;w (9.7 fb'1= |

2 4 6 8 10 12 14

\s [TeV]
*» Unfolded differential cross sections are provided as well!

10

¢ Fully differential NNLO QCD calculation just became available

Marc-André Pleier Brookhaven National Laboratory



http://arxiv.org/abs/1605.02716
http://arxiv.org/abs/1603.01702

WW — /viv @ 8 TeV
arXiv:1603.01702

¢ 2 isolated leptons (e or u) of opposite charge, MET, no jets
(CMS: <1 jets)

** qq, gg, gg(H) production mechanisms (CMS subtracts gg(H))

0.5

-E S LI I L I L I LI L I rrrT L I LI L I LI L I LB L I LI IE .‘-F-I" -I L] I LI I L N B ) I T 1171 I T T T I T 1T I rr.rn I T 1T
Q - ATLAS —e— Data 1 9 g4b ATLAS e E:pwed
- s -1 [ Background - c e _ A — Observed
£ 10¢L V8= 8Tev,203f" 7 - _E % 0.3k \s=8TevV,203f0° Unitarity Bound
() E —— Ag? =0.267 = Tl i P, E
10° — 1% =0.024 - = 3 1 : f
A’ = 0,092 § ¥ ﬂ.'lz e  — -
: — 2.'=0.052 1 o ﬂ ; é
2 =2 = ——
10 E= = — - E Ear : i E 3
i T . e S S
_0.5 - L aa i ._ri | | I B | | [ ER B B | i i i | i i i -
2

(5]
Y
(8]
o
~J
w
w
)

100 200 300 400 500 600 700 800 900 1000
p. (leading lepton) [GeV]

>
=
]
=

s NLO EWK corrections are taken into account

Marc-André Pleier Brookhaven National Laboratory



http://arxiv.org/abs/1603.01702
http://arxiv.org/abs/1401.3964

WZ — /vii @ 8 TeV

%+ 3 isolated leptons (e or u), MET

*¢* Inclusive NNLO QCD calcula

o}
2
32 50
6
40
30
20
10
0
Q 14
=
o 12
o 1
©
o

PRD 93, 092004 (2016)

T I T T T I T T T I
ATLAS Preliminary

WZo Wil
A ATLAS {s=8TeV (m,_ 66-116 GeV), 20.3 fb

m ATLAS Vs=7TeV (m_ 66-116 GeV), 4.6 fb"
v DO s=1.96 TeV (m,  60-120 GeV), 8.6 fb”

¢ CDF {s=1.96 TeV (corr. tom,_ 60-120 GeV),

® ATLAS {s=13 TeV (m,  66-116 GeV), 3.2 fb”

7.1 b

— MATRIX NNLO, pp—>WZ (m, 66116 GeV)

NNPDF3.0, 1_=u _=(m, +m,)/2

— MCFM NLO, pp—>WZ (m,  66-116 GeV) __|
. CT14dnlo, HH=J-‘F=mwz"2 =
Fa” - = =MCFM NLO, pp—WZ (m,_ 60-120 GeV) _
- CT14nlo, M= =My/2 N
P ] \ ] | IR R 1 N
T % T T T I T I I T I I T __
— =
| -
L A L I L I

2 4 6 8 10 12 14
Vs [TeV]

tion recently became available

¢ Inclusive fiducial xsec precision: 4.2% ! Provided as well:

Unfolded differential cross sections

= Ratio of W*Z, W-Z cross sections (also as function of kinematic vars)

Marc-André Pleier
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WZ — /vii @ 8 TeV

%+ 3 isolated leptons (e or u), MET

*¢* Inclusive NNLO QCD calcula
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T I T T T I T T T I
ATLAS Preliminary

WZo Wil
A ATLAS {s=8TeV (m,_ 66-116 GeV), 20.3 fb

m ATLAS Vs=7TeV (m_ 66-116 GeV), 4.6 fb"
v DO s=1.96 TeV (m,  60-120 GeV), 8.6 fb”

¢ CDF {s=1.96 TeV (corr. tom,_ 60-120 GeV),

® ATLAS {s=13 TeV (m,  66-116 GeV), 3.2 fb”

7.1 b

— MATRIX NNLO, pp—>WZ (m, 66116 GeV)

NNPDF3.0, 1_=u _=(m, +m,)/2

— MCFM NLO, pp—>WZ (m,  66-116 GeV) __|
. CT14dnlo, HH=J-‘F=mwz"2 =
Fa” - = =MCFM NLO, pp—WZ (m,_ 60-120 GeV) _
- CT14nlo, M= =My/2 N
P ] \ ] | IR R 1 N
T % T T T I T I I T I I T __
— =
| -
L A L I L I

2 4 6 8 10 12 14
Vs [TeV]

tion recently became available

¢ Inclusive fiducial xsec precision: 4.2% ! Provided as well:

Unfolded differential cross sections

= Ratio of W*Z, W-Z cross sections (also as function of kinematic vars)
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WZ — /vii @ 8 TeV

PRD 93, 092004 (2016)

4

L)

» 3 isolated leptons (e or ), MET

L)

4

1)

L)

* Inclusive NNLO QCD calculation recently became available

Z
1
S

E 5 T T T '| I T I T T T L I T T 1 T I T I L I L]
c 10F aTLAS vy «E’ ATLAS
AT s=8Tev,2031 — O epions o i \s = 8 TeV, 20.3 fb”
104 ¢t tt+V g 0.05[ ]
= (¢, ¢=eo0rp) - Others g |
N — AgP=-0.1, A *=0.25, K7=0.1 = I
10 E ;1:_.1 e AgP=0, A 2=-0.19, 420 o oF 7
i, — S ‘P;)?- i
10° @ i
-0.05 — Observed -
T -- Expected
10 [+1c expected
[J+20 expected -
-0.1 - — Unitarity bound 7
L L L i L co s o I e e b s s b s s b ey
1o 200 400 600 0 0 5 10 15 20 25
mi¥Z [GeV] A

¢ Inclusive fiducial xsec precision: 4.2% ! Provided as well:
= Unfolded differential cross sections
= Ratio of W*Z, W-Z cross sections (also as function of kinematic vars)
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alTGC status

| L | 1T 11 LI L | 17T 171 | | L | 7T 171 T 1

i ATLAS WZ 8 TaW 03k' A==

i ATLAS WZ a8 TeV A’ A=2TeV
[+ ] ATLAS WZ 7 Te¥ 46 Aom o

.&gz [THI ATLAS WZ 7 Ta¥ 46m°  A=2TeV
ATLAS W i Ta¥ 203" Aes=
1 [+ | ATLAS WV 7 TaW 508" A==
H CMIS WY 8 TaV 194k A=

l1} DO cambinatian 1.96 Te¥ BEM"  A=2ToeV
[ ] LEP combinason 0.2 TaV 07 o Am e
] ATLAS WZ o Ta¥ 203k A==

{ ATLAS W2 8 TaV 230" A=2TeM
H ATLAS W2 7 TaW 46h"  Aew

7 THI ATLAS WZ 7 TeV 48 A=2TeV
}\. ATLAS Wi 8 TeV 203k’ A==
[+ ] ATLAS WV 7 TeW 50Mm A=
[ S VAN 8 Ta 1940k Asw=
" CMS W 7 Taw 50"  Amw

| D0 combination 1.8 TeW BE M A=2Tev
[ ] LEF combination 0.2 TeV LI Amw
ATLAS WZ i TaV 203" A==

(UL LR AT ATLAS WZ ATaV 2030k"  A=2TeV
ATLAS WZ 7 Te¥ 46 A=

(RVUINTHRAFIOHTS ETRRTOATOA VIO T AT Wz 7TeV 4Bm" A 2TV
ﬂ.KZ ATLAS W 8 TV 205’ Aem
[ | ATLAS WV 7 Taw 5.0 M Amom
[ ] RS WY 8 TaV 1940 A==
4] CMS WY 7 TaW 500 A = oo
[ ] LEP combinaion 0.2 TeV LT Ame

| L1 | | L1 1 | | L1 1 | 11 1 | | | - | | 1L 1 1 | | 11

aTGC Limits at 95% CL

Marc-André Pleier 10/20

** Most stringent limits
on WWy, WWZ from
WZ and WW
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alTGC status

ATLAS, Ity and vvy, 1s=8 TeV, 20.3 fb”'

——— CMS, vy, 15-BTeV, 196 0" “* Most stringent limits

CMS, Ity and vvy, 18=7 TeV, 5.0 fb

CMS, Ily, 15=8 TeV, 19.5 fb"
ATLAs'.er;anviy. \s=7 TeV, 4.6 fo" on WW’Y, WWZ from

ATLAS ~ 95%CL.A=e WZ and WW
h =
—— ** Best constraints so
L _ ,Z .
I far on h; ,*, driven
hg — by vvy
S R R N
x 10”® Coupling strength
L L B
ATLAS 95% C.L., App = oo
hy +
z —_—

1 1 | 1 1 L 1 1 1 1 1 I
-0.1 -0.05 0 0.05 0.1
x 10”® Coupling strength
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alTGC status

Mar 2016 CMS
ATLAS Channel Limits ILdt Vs
i f ZZ [-1.5e-02,1.6e-02] 46" 7TeV
_— 7z [-5.0e-03,5.06-03] 19.6fb" 8TeV
— ZZ (212v) [-3.6e-03,3.2¢-03] 247" 7.8TeV
— ZZ (comb) [-3.0e-03,2.6e-03] 247fp' 7.8TeV
£ zz [1.3e-02, 1.3e-02] 46fp' 7TeV
— ZZ [-4.0e-03,4.0e-03] 19.6fb" 8TeV
— ZZ (212v)  [-2.7e-03,3.2e-03] 247" 7.8TeV
— ZZ (comb) [-2.1e-03,2.6e-03] 247" 7.8 TeV
i 7z [-1.6e-02, 1.5e-02] 46" 7TeV
| Zz [-5.0e-03,5.0e-03] 196" 8TeV
— ZZ(212v)  [-3.3e-03,3.6e-03] 24.7fp" 7.8TeV
— ZZ(comb) [-2.6e-03,2.7e-03] 24.7fb" 7.8TeV
i zz [-1.3e-02,1.3e-02] 460" 7TeV
— Zz [-4.0e-03, 4.0e-03] 196" 8TeV
— ZZ (212v) [-2.9e-03,3.0e-03] 247fb' 7.8 TeV
‘ — |zz (comb) [-2.2e-03, 2|.3e-03] 24.7 fb"! 7,|8 TeV
| | | | | | L |
-0.02 0.02 0.04 0.06

Marc-André Pleier

aTGC Limits @95% C.L.
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** Most stringent limits
on WWy, WWZ from
WZ and WW

¢ Best constraints so
far on h; ,v, driven
by vvy

* Constraints on f; ,**
driven by //vv

*»* First ATLAS/CMS
aTGC combination to
be released soon!

Brookhaven National Laboratory



Recent VBS/VVV results
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VBS/VVV Production and aQGCs

*¢* Overview of studied aQGCs:

Or.o . .O07r1,97 9

Ors5 916,977

WWWW | WWZZ 7777 WWAZ WWA A ZZZA ZZAA ZAAA AAAA
05,0, 951 v v v
On00 On,1:9m.6 :9M,7 v v v
Onr2 Onr.3 Onia OM.5 v v
v v v
v v
v

Or.s 919

SRR
NSERE
SERER
SRR
SRR
SRS

Vertex-specific conversions from WHIZARD a4, a5 exist, e.g. for WWWW:

fs.0 vt
g = ———.,a4+2 a5

A4

8

_ fsa vt

A48

¢ Experimental access: aQGCs modify total production rate as
well as event kinematics

m Use cross-section measurement or kinematics to constrain aQGCs

** A suppression factor depending on a scale A ensures
conservation of unitarity (divergent xsecs at high /s ):

A A
)\(S) — (1+§/0A2)n

Marc-André Pleier
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Ty > WW

arxiv:1604.04464

¢ e pair with large pT, no other charged particles @ vertex

% First evidence for signal combining 7, 8 TeV data: 3.4

CMS 19.7 fb™' (8 TeV)
=> C
[0 - Data
O gk SM yy — WW
3 F B Diffractive WW
-;; 75 I Elastic vy — tt
1= C P Inelastic yy — 1T
O 6 BN EWK WWqq
L C Inclusive diboson
5 ' B Drell-Yan
- 2 Stat. uncert. in simulation
4
3 o ///// ®
E |
7 - 777
: | | (g | Y.y
00 50 100 150 200 250 300 350

Marc-André Pleier

M(ue) [GeV]
** aQGC limits placed using dilepton pT distribution
“* No tag jets -> suppressed WWWW, WWZZ, WWZy contribs

13/20

Events / 30 GeV

35

30

25

20

15

10

CMS 19.7 b (8 TeV)
C . Data
- T — WW (2]7A%=1.5"10", a/A%=0, A =500 GeV)
- Ty — WW (a)/A%=2"1 0%, a"A®=0, no form factor)
— SM 1y = WW U Inelastic vy — T
C B oitiractive ww B ewk wweg
n Ml castic vy — Inclusive diboson
= % Stat. uncert. in simulation [l Drell-Yan

Ll *'
| L |—|—|—f,,,|,l',|,,, J.LI I |I| I ||| |

0 30 60 80 120 150 180 210 240

p(1e) [GeV]
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http://arxiv.org/abs/1604.04464

Zyy —> LLyy, vvyy

arXiv:1604.05232

% e*e / utu or MET plus isolated photons
¢ Signal @ >5c. NLO prediction is still state-of-the-art for signall!

L JL NI N INLAL LN BNLANL NN B LN B B LB
0P = Z7y N 20 ATLAS
jets is =8 TeV, 20.3 fb”
_ *  Measurement
eeyy - — Tot. uncertainty
) Stat. uncertainty
WYY T — MCFM (NLO)
. L E3Y
Fiyy - + 20
vVYY .
T | L 1 | |
1 0 1 2 3 4 5 6
Oata! Ciheory
14/20 Brookhaven National Laboratory
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http://arxiv.org/abs/1604.05232

Zyy —> LLyy, vvyy

% e*e / utu or MET plus isolated photons

arXiv:1604.05232

s Signal @ >50. NLO prediction is still state-of-the-art for signal!

-
Lib]
O e
9 |\s=8TeV, 2031’
2 102
@
-
L
10
P p—
1 T,
|
107!

Coer
ATLAS

& Data
== == Ziwviyy, £ fAT10" TeV™, A

[ Zivviry, 5M
B et
I: Wiev)y
= wr
- Zivvy+jets
- Zivthry
m sialé syst.

= o=
ot n
T

Data
Expectation
ﬂ. —

aaaaaaaaaaaaaaaaa

m,, [GeV]

100 200 300 400 500 600

-100

x10°

lI[IIllIJlII.IlIIIIIIIIIlIIIIJl

VvVYY, upyy and eeyy channels
[ LR UL NN BN LR B
—— Data observed
—— MC expected

[ 1+2c

B t 1o

—— Unitarity bounds

IR B A A

ATLAS
\s=8 TeV, 20.3 fb

5 6 7 8 9 10
Age [TEV]

¢ Exclusive high-myy fiducial xsecs used for aQGC limits

Marc-André Pleier
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http://arxiv.org/abs/1604.05232

Events / 0.4 rad

W2Zjj — /viljj @ 8 TeV
PRD 93, 092004 (2016)

% 3 isolated leptons (e or u), MET, = two jets
% VBS/aQGC additional selection on m_, AO(W,Z), X | p.(¢)|

i

I T I T T T T T T T I T T T T T I T Ll T T
® Data 2012 B ATLAS ® Data 2012 T

ATLAS

i _ =
B [ IwW=Zjj-QCD T 8 N 1 W Zjj-QCD 4
oo $=8Tev,20.3 fo” WZjj-EW ] s=8TeV, 203 fb" W'Zjj-EW
i Misid. leptons | o - Misid. leptons -
L Ler -2 1 L e e , -7
- I o] ﬁ+'||‘|l - 3 ﬁ+1||'r
- {f L=eor IJ} I Cthers . ; Il Others .
15 == Tot. unc. — = = Tot. unc.
: ----- a,=04,a.=0 77 ': @ i X “““““““““““ a,=04, a =0 i
i : i = - 5 1
Jof 1 ¢l el |
Uy ] 10 | (¢',f=eorpu) |
% i 2 3 foo 200 300 400 500 oo
A ®(W,2) [rad] L |p?| [GeV]

** measured fiducial xsec in aQGC phase space used for limits

* Conversion a5 to f, ; after k-matrix unitarisation (proof, anyone?)
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http://link.aps.org/doi/10.1103/PhysRevD.93.092004

WZjj — ¢viLjj @ 8 TeV

PRD 93, 092004 (2016)

¢ 3 isolated leptons (e or u), MET, 2 two jets
% VBS/aQGC additional selection on m_, AO(W,Z), X | p.(¢)|

f x1000/Tev*

jj’
f; ,x1000/TeV*
w e AR AN S AR 4 3 -2 1 0 1 2 3 4
s [ ATLAS :IfsmaE:r;;E:mfaE]rlga:ll:nn ] tim L LA A AR ARAARRARAL L \s-8Tev. 203" 4
i pp — W'Zjj i ATLAS K-matrix unitarization
0.5 =" _ i pp — W'Zjj E 3
i pR— ] D,E_— = Pt
I i = 1
0 - ]
i 0| 10
i - -1
0.5 — obs. 553 oL W'z - — L E
[ B3t 33;3%“ ] 0.5 — obs. 5% L w'zj 12
|:| 2o expact [* =ee gp, 05% CL, W'Z .
S ity I [ B T {
I I TTTEEE TR T Lisessssss x =
1 05 0 05 1 L T
o -1 0.5 0 0.5 1
4
o
4

** measured fiducial xsec in aQGC phase space used for limits

* Conversion a5 to f, ; after k-matrix unitarisation (proof, anyone?)
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http://link.aps.org/doi/10.1103/PhysRevD.93.092004

aQGC limits

¢ Different processes give access to different aQGCs
= Trend that exclusive outperforms VBS, which is better than VVV

= Different parametrizations/unitarisation => no fair comparison

April 2016 GMS —A
P ATLAS ' Channel Limits ILdt Vs

fiyo /A® peeed WVy [-7.7e+01, 8.1e+01] 19.3fb"' 8TeV
— Zy [-7.1e+01,7.5e+01] 19.7fb" 8 TeV
— Wry [-7.7e+01, 7.4e+01] 19.7fp"' 8 TeV
H ss WW [-3.3e+01, 3.2e+01] 19.4fb"' 8 TeV

I YY->WW  [-4.2e+00, 4.2e+00] 24.7fb' 7.8 TeV
fig /A" [ WVy [[1.3e+02, 1.2e+02] 19.3fb" 8 TeV
— Zy [-1.9e+02,1.8e+02] 19.7fp' 8 TeV
=—1 Wy [-1.2e+02, 1.3e+02] 19.7fb"' 8 TeV
F-I ss WW [-4.4e+01,4.7e+01] 194" 8TeV

1 YYy—=WW  [-1.6e+01, 1.6e+01] 247" 7.8TeV
fyz /A Zyy [-5.1e+02,5.1e+02] 20.3fb"' 8 TeV
O 1 Wryy [-2.6e+02, 2.5e+02] 20.3fb"' 8 TeV
H Zy [-3.2e+01, 3.1e+01] 19.7fb' 8TeV
H Wry [-2.6e+01, 2.6e+01] 19.7f"' 8TeV
fa/A* f i Zyy [-9.2e+02, 8.5e+02] 20.3fp"' 8 TeV
------------------------------ Wyy [[4.7e+02, 4.4e+02] 20.3fb"' 8TeV
H Zy [-5.8e+01, 5.9e+01] 19.7fb"' 8TeV
H Wy [-4.3e+01, 4.4e+01] 19.7fb" 8TeV
fya /A H Wy [-4.0e+01, 4.0e+01] 19.7ib"' 8 TeV
5 /A° H Wy [-6.5e+01, 6.5e+01] 19.7fb" 8TeV
f g /A" ——1 Wy [[1.3e+02, 1.3e+02] 19.7fb' 8 TeV
F-1 ss WW [-6.5e+01, 6.3e+01] 194" 8 TeV
fiyr /A" ——- Wy [[1.6e+02, 1.6e+02] 19.7fb' 8 TeV
| bt | ssWw [-7-0?+01, 6.6e+01] 19.4 fb' 8TeV

| | | | | | | | | | | | | | |
-1000 0 1000 2000 3000

Marc-André Pleier

aQGC Limits @95% C.L. [TeV™]
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aQGC limits

¢ Different processes give access to different aQGCs
= Trend that exclusive outperforms VBS, which is better than VVV

= Different parametrizations/unitarisation => no fair comparison

Marc-André Pleier

April 2016 CMS —
ATLAS - F— Channel Limits ,[Ldt Vs
fro L T — Wyy [-3.8e+01, 3.8e+01] 19.4fb' 8TeV
— Zyy [-1.6e+01, 1.9e+01] 20.3fb"' 8 TeV
prosararareseseananess | Wyy [-1.6e+01, 1.6e+01] 20.3fb"' 8 TeV
-------------------------------- WVy [-2.5e+01, 2.4e+01] 19.3fb"' 8TeV
— Zy [-3.8e+00, 3.4e+00] 19.7fb"' 8 TeV
——I Wy [-5.4e+00, 5.6e+00] 19.7fb" 8 TeV
F--l ss WW [-4.2e+00, 4.6e+00] 19.4fb"' 8TeV
fr /A T —_ e i I Wyy [-4.6e+01,4.7e+01] 19.4fb’ 8TeV
— Zy [-4.4e+00, 4.4e+00] 19.7fb"' 8TeV
. Wy [-3.7e+00, 4.0e+00] 19.7fb" 8 TeV
F-l ssWW  [-2.1e+00,2.4e+00] 194" 8TeV
frp /A — Zy [-9.9¢+00, 9.0e+00] 19.7fb" 8 TeV
——— Wy [-1.1e+01, 1.2e+01] 19.7fb" 8TeV
b=~ ssWW  [-5.9e+00, 7.1e+00] 19.4fb" 8 TeV
fr g /A — Zyy [-9.3e+00, 9.1e+00] 20.3fb" 8 TeV
— Wy [-3.8e+00, 3.8e+00] 19.7fb"' 8TeV
g /A® — Wy [-2.86+00, 3.0e+00] 19.7fb" 8 TeV
i, /A* —— Wy [-7.3e+00, 7.7e+00] 19.7fb' 8TeV
frg /A H Zy [-1.8e+00, 1.8e+00] 19.7fb"' 8 TeV
fro/A* — Zyy [-7.4e+00, 7.4e+00] 20.3fb"' 8 TeV
| |—|| ‘ Zy [-4.0e+00, 4.0e+00] 1?.7 fo! 8TeVv
| 1 1 1 1 | 1 1 | 1 1 1 1
-50 0 50 100 150
aQGC Limits @95% C.L. [TeV*]
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aQGC limits

¢ Different processes give access to different aQGCs
= Trend that exclusive outperforms VBS, which is better than VVV
= Different parametrizations/unitarisation => no fair comparison

April 2016 CMS
ATLAS annel | Limnit s
8e+01,[p.3e+01] * 8 TeV
at e+0 gl fowl 8 TeV
+01, }.6e+0M ¥2 8 TeV

8 TeV
8 TeV
8 TeV
8 TeV

WVy [-2.5e+01, 3.4e+01]
[-3.8e+00, 3.4e+00]

Y [-5.4e+00, 5.6e+00]
sRWW [-4.2e+00, 4.6e+00]
[-4.6e

100 150
aQGC Limits @95% C.L. [TeV™]
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Putting it all together...

A [Tev] A=ven

=~ 0.4 5 0.1 0.2 03 04 08 04 03 0.2
_BrXiy, 130;49,11 1| 3arX|v 1410.7703
T ! \ HIGGS 7

02 [ . Cm —
01 [ = Chp ——
o A C3n P — |
=0.1 T - T T r T T T ] A/V"|_f| —._:—_lt i
AarXiv:1604.03105 TeV] &

-0.2 [ [ 1025 == |

I ATLAS W2 10 F ! 1 gz 6.0 o1 02
_ua 1 111 1 11 1 11 1 =1 .
—-0.1 —0.05 o 0 H P oo
H II H ¢ 0.5
-10 | 0.3
0.25
_20 =
30 | @ LHC Higgs, 95% CL 102
@ LHC-Higgs + LHC-TGV + LEP-TGV, 95% CL
-40 |
4 0.15
_50 -

% % % % % % 9,
7
** VV and Higgs interactions are related in EFTs!
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http://arxiv.org/abs/1304.1151
https://arxiv.org/abs/1604.03105
http://arxiv.org/abs/arXiv:1410.7703

EFT Limit Combinations

¢ Higgs analyses now also moving away from p, ¥ & towards EFT
" First(?) example: ATLAS Hyy PLB 753, 69 (2016)

** Combining constraints from
= Higgs/SM in ATLAS
= ATLAS and CMS
= LHC and beyond (e.2. B-meson observables)

** Some ingredients: agree on
= common basis, modeling choices, unitarisation method if needed, tools
= common binning, treatment of correlations, signal/background (H/VV)
= Smaller scale “testbench” before moving to “global fit”
O Best observable (S sensitive)?
Current sensitivity more from normalization than shape...
¢ In addition/alternatively,
= Provide unfolded measurements w/ correlation matrix instead?

= Provide N-dimensional limits with correlation matrix
Marc-André Pleier 18/20 Brookhaven National Laboratory


http://arxiv.org/pdf/1508.02507.pdf
http://arxiv.org/pdf/1503.04829.pdf

¢ Harvest of Run | analyses still ongoing — establishing new
processes.

** Run 2 will provide access to more processes (VBS, VVV), and
more stringent limits!

+» Starting to prepare for combinations of limits

¢ THANK YOU to the MC generator + HO correction community
= NNLO QCD predictions are very important for multi-V
= HO EWK corrections as well, particularly for aGC limits

*¢* Current “state of the art” ATLAS MC in multi-bosons: see
“Multi-Boson Simulation for 13 TeV ATLAS Analyses”

= Mix and match in modelling: PDF, ME, scales, PS, EW scheme, HO corrs
— lots of combinations, some of which will be sub-optimal

** Wishlist:
= NNLO (multi-leg) QCD + NLO EWK + PS event generation. ©
= Re-weighting functionality for PDFs, scales, EFTs/aGCs

Marc-André Pleier 19/20 Brookhaven National Laboratory


https://cds.cern.ch/record/2119986

August 24th to August 26th 2016:

Multi-Boson Interactions (MBI) 2016

Madison, Wisconsin
*ﬁrbosen and_trlbosorrpro' uctlo

ﬁ*wm;hogg&scamen and._, _
< Precision cafcal'atlﬁn'ﬁh neast
multiboson productlon ;

% oL,
New Phy5|cs in multi bosonf.p‘i'pductlom L !

GeV gamma gamma excess, simplifiedgotiel
anomalous couplmggfeffecmﬁﬁel théory

Monte Carlo Generafors,,
First 13 TeV LHC Run’asul

https://agenda.hep.wisc.edu/event/965/
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