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Outline

Measurements of differential cross-sections for the EWK production of

ZZjj — 4ljj in 13 TeV p-p collisions with the ATLAS detector
* EWK - QCD Tree-Level Feynman diagrams
* Event Selection

* Event Categorization - Observables

Anomalous Quartic Gauge Couplings (aQGC)
* Decomposition method
* Sensitivity of QGC operators
* Expected limits at detector-level
* Unitarity violation: Clipping Scan



Electroweak (EWK) signal

Measurement of Vector Boson pair production provides an excellent test of the ElectroWeaK Symmetry Breaking
(EWKSB) sector of the Standard Model (SM).

The VBS topology consists of two high energy jets in the back and forward regions, with two vector bosons.

q1 q3 q1 q3 q1
f £ Quartic Gauge Couplings (QGCs)
* Only charged QGCs allowed at SM
7 # tree-level (WWWW, WWZZ, WWZy, WWyy)
P i « Constraint on anomalous QGCs
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f £ Crucial channel for Higgs discovery
v V3 » A precision measurement helps in Higgs property
fi ! f measurement
£y f, « Search of high mass Higgs bo_sons
Vs v * Proves the SM Higgs mechanism
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Higgs boson exchange in s-channel Higgs boson exchange in t-channel



Quantum Chromodynamics (QCD) background

The main background processes for the ZZjj — lllljj VBS channels are the QCD ZZjj component and the fake
(misidentified leptons) background.

Z g - Z z
Y

Z g Z A

9 ,gﬁ Fake background:
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Small contributions from non-prompt backgrounds,
——— from fake leptons from Z+jets and top processes.
H When looking at the EWK processes alone, the QCD
component becomes the major background and a
QCD-enriched control region is defined to constrain
the contribution.




Event Selection

Event Selection Cut Requirement
Event Preselection Trigger Fire at least one lepton trigger
Vertex At least one vertex with 2 or more tracks

Dressed object kinematics

Lepton Kinematics

pS >17GeV, pt>7GeV, p..>30Gev
n¢l < 2.47, In* < 2.7, || < 4.5

Quadruplet Selection

Lepton Kinematics
Lepton Separation
Pair Requirement
Minimal Am,,

/7 mass

pr > 20 GeV for two leading leptons

AR;; > 0.05 between leptons in quadruplet

Two SFOS lepton pairs withm;; > 5 GeV

Select quadruplet with smallest |mq, — my;| + [m34 — m,
Leading Pair: pair with highest |y;;|

my; > 130 GeV

Dijet Selection

Different Detector Sides
Rapidity Separation
Leading Jet pr

Dijet Mass

Nj1 XNj2 <0
AY;; > 2
Prj1 > 40 GeV

Event Categorization

VBS Enhanced Region
VBS Suppressed Region

<0.4
{>0.4




Events

Event Categorization

Differential measurements are made in events with a signal quadruplet and a dijet in two distinct signal regions
based on the kinematic quantity named centrality:

|yquadruplet —0.5- (YZeading jet + :VSub—leading jet)l

(:

Yieading jet — Ysub—leading jet

where y is the rapidity.
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centrality

VBS Enhanced Signal Region { < 0.4
VBS Suppressed Signal Region { > 0.4

A minimum number of events is required in each bin of the observables’
distributions (15 for the VBS-Suppressed and 20 for the VBS-Enhanced region)

Observable Region Binning
m;; [GeV]  VBS-Enhanced [300, 400, 530, 720, 1080, 3280]
VBS-Suppressed [300, 410, 600, 1780]
| Ay, VBS-Enhanced 2, 3.08, 3.74, 4.32, 5.06, 7.4]
VBS-Suppressed [2, 2.94, 3.78, 5.4]
ma [GeV]  VBS-Enhanced [130, 210, 250, 304, 400, 1130]
VBS-Suppressed [130, 226, 304, 752]
St.a131 VBS-Enhanced [70, 240, 320, 420, 580, 1410]
VBS-Suppressed [70, 330, 500, 1210]
Pr.s VBS-Enhanced [0, 52, 82, 116, 172, 524]
VBS-Suppressed 0, 80, 146, 448]




Anomalous Quartic Gauge Couplings

VBS processes provide a great source of information on the structure of QGCs
Neutral couplings ZZ7Z7,ZZ7y,ZZyy, Zyyy are forbidden in the Standard Model
Effects increase with V3
Presence of aQGCs lead to enhancement of the cross section and modification of event kinematics in high p,
high E+ or high mass regions
» study of variables that carry system’s energy (pr, m,,)
Shape difference between SM and aQGC MC kinematic distributions
Common choice: effective field theory (EFT) with higher order dimensions operators

Effective Langrangian Approach
(d)
C d
Lgpr = Lsy + Z ZWOL-( )

a>4 i

Set of dim-8 operators affecting quartic boson vertices:

WWWW | WWZZ | ZZZZ | WWAZ | WWAA | ZZZA | ZZAA | ZAAA | AAAA
Os,0, Os.1 X X X
Or1.0, Or1 1,006,001 7 X X X X X X X
Owm,2, O, 3,00,4,00m,5 X X X X X X
Or.0, O1,1,07,2 X X X X X X X X X
Or.s, Or 6,077 X X X X X | X X X
Ors, Org9 X X X X X




Decomposition method of QGCs

EFT dim-8 predictions can be generated in independent samples including the EFT components. The total EFT
amplitude can be expressed as:

2
Asu+ ) e Ai| = Asul? + ) -2 Re(Asy A+ ) 2142+ ) cic - Re(4; - 4))
[ — [ — [ —

Standard Model Pure QGC contribution
(quadratic term)

Total EFT amplitude
Interfer?nce of SM-aQGC Interference between QGC operators
(linear term) (cross terms)

Minor differences between the samples
generated with the total EFT versus the
sum of the EFT components.

diff. w.r.t. Full

my, [GeV/d]



fm,j
Lgrr = Lsm + Z A_4]0M,j + Z
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40

20

Sensitivity of QGC operators

Parameter \ (TeV—?)

Quadratic function with SM=0 (pb)

j=0,1 j=0,
1 | | | |

{s =13 TeV

EFT + SM-EFT Interference, pp — ZZjj

T Frora®
. Fria’

Fro/A* o(A) =3.725-1073 - A 4+ 8.927- 102 - \2
Fri/A* o(A) =9.646 - 1074 - A+ 5.717- 1072 - \?
Fro/A* o(N) =1.342-1073 - A+ 1.377-1072 - \?
Frs/A* o(A) =1.180-1073 - A+ 1.625- 1072 - A2
Fre/A* o(N) =2.145-10"* - X +7.094-1073 - \?
Fr7/A* o(A) =3.868-107* - A +1.495- 1073 - \?
Frg/A* o(N) =2.265-107° - A +2.713-1072 - \?
Fro/A* o(A\) =1.323-107° - A +5.918 - 1073 - \?

" pp — ZZjj samples
= No Z - [l applied
= No fiducial cuts applied
= No SM amplitudes includes
= only linear and quadratic terms

Ot are the most sensitive operators of the
ZZ production.
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Distributions of observables
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Distributions of the expected yields
at detector-level of the

Myy, P1,jj »PT,41 » ST 4155 and M
observables for the VBS Enhanced
Region.
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To find the quadratic function , we fit

independent quadratic (pure aQGC) and linear (SM-
aQGC interference) samples.

Since for fro = 0, the event yield is 0, only one extra
point is needed.

Number of expected events in each bin i:
Hi (/1) 0) = NiSM (9) +
where = NFimear (2, 0) + N4, 6)

Construction of the profile likelihood function with
the aQGC parameters

Npin

L= 1_[ Lpoiss(nillli(/li 0)) x [fgauss(e)i

=1

where n; is the observed number of events, y; (4, 8) is the expected
number of events in the it bin, A = f;/A* is the value of the aQGC
under examination and 6 is a list of nuisance parameters.

The 95% confidence interval for the parameter A corresponds to
— 24log(L(2)) = 1.962



EFT dim-8 expected limits at detector-level tor my,

'D :l- I 1 1 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 —_
© - _ - 4_ B EWK Il 99QCD -
= aoF- Vs=13 TeV, ﬁ.dr:fsg fbo, fro/A*=1 Tev™* [Claqacp mmav E
C  VBS Enhanced Region CJvw [DDD Fakes

— . [C]FT0 quad [ FTO linear

35 ATLAS Work-in-progress MC Stat —

30 —

25— —

20 —

151 =

—2A log(L)

200 400 600 800 1000 1200
m,, [GeV]

Process [130,210) [210-250) [250-304) [304-400) [400-1130) [1130-c0)
qq — 111jj (EWK)  3.129 3.691 4.198 5.029 7.282 0.337
qq — 1111 16.820 14.792 14.340 14.269 15.171 0.570
gg — I 4.189 5.150 4.654 3.856 3.105 0.040
VvV 0.184 0.213 0.233 0.344 0.536 0.027
1tV 2.998 2.228 2.767 3.819 5.132 0.093

DD Fakes 1.790 0.475 0.727 0.827 0.839 -

fro quad 0.000 0.000 0.002 0.002 0.286 7.809
fro linear 0.001 0.004 0.010 0.027 0.335 0.359

T [ I [ [ [ | [ [ [ [ | [ I [ [ | [ [ [ [ [ 1]
10 Best fit: -0.00229 7%} =
i 95% CL: [-0.74,0.686] |
8_ |
6_ |
4— |
O_I | | | | | | | |\ | | | I | | I | | | | I_
— 0.5 0 0.5 1
FTO

Unphysical enhancement of the event

"l yield (and cross-section) at high energies.

Need of a unitarization method.
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EFT dim-8 expected limits at detector-level for

Vs=13 TeV,

40

Yield

I

ﬁ.dr:fsg b, fr/A%=1 Tev
VBS Enhanced Region

ATLAS Work-in-progress

B EWK Il 99QCD
[JqqQCD @tV
Cvvv [] DD Fakes
[C1FTO0 quad [ FTO linear
MC Stat

no
o
II|IIII|IIII|IIII

500 1000 1500 2000 2500 3000 3500
m; [GeV]

Process [300-400) [400-530) [530-720) [720-1080) [1080-3280) [3280-c0)
gq — l1ljj (EWK)  1.325 2.124 3.333 5.507 10.756 0.622
qq — 111 19.249 17.599 15.452 13.664 9.720 0.278
gg — I 4.703 4.429 4317 3.999 3.498 0.048
14%4% 0.326 0.327 0.347 0.317 0.217 0.004
% 4.456 4242 3.765 2735 1.811 0.028

DD Fakes 1.1701 1.1901 1.2601 0.7371 0.6251 -

fro quad 0.320 0.584 1.047 1.957 4.033 0.158
fro linear 0.033 0.058 0.097 0.175 0.356 0.018

—2A log(L)

m.::

1]

)

Best fit: -0.0754 7} 41

95% CL: [-1.7,1.63]

-3

—2

1

1

2

3

FTO
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EFT dim-8 expected limits at detector-level

Wilson Expected (Asimov) 95% CL Limit

Coeflicient mj; AYjj PT.jj my ST.111jj
fT() [-1.72, 1.63] [-2.43 , 2.34] [-1.36, 1.31] [-0.74 , 0.69] [-0.73, 0.69]
le [-2.12, 2.10] [-3.03, 3.01] [-1.70, 1.69] [-0.85, 0.84] [-0.90 , 0.90]
ng [-4.39 ,4.21] [-6.24 , 6.06] [-3.48 , 3.38] [-1.78 , 1.69] [-1.87, 1.79]
fT5 [-4.37 , 4.20] [-6.22 , 6.06] [-3.67 , 3.57] [-1.78 , 1.69] [-1.88 , 1.80]
fT(J' [-6.22 , 6.17] [-8.97 , 8.92] [-5.51, 5.49] [-2.67 , 2.65] [-2.86 , 2.84]
fT7 [-14.13,13.60] [-20.48,19.92] [-11.34,11.04] [-5.85, 5.56] [-6.18 , 5.93]
ng [-3.51, 3.51] [-4.83 , 4.83] [-3.18, 3.18] [-1.45, 1.45] [-1.56, 1.56]
fT_g [-7.53, 7.53] [-10.36, 10.36] [-6.85 , 6.853] [-3.13, 3.14] [-3.38 , 3.38]

Expected 95% CL limits of F couplings, by using non-unitary predictions

14



Unitarity violation — Clipping Scan my,

Wilson Expected (Asimov) 95% CL Limit The clipping scan
Coefficient 2 TeV 2.2 TeV 2.4 TeV 2.6 TeV 3 TeV 3.5 TeV 5TeV 10 TeV o0 is not considered
fro [-146,1.32]  [-127,1.15] [-1.15,1.04] [-1.05,096] [-0.93,0.85] [-0.85,0.78] [-0.76,0.70] [-0.74,0.69] [-0.74, 0.69] a unitarization
fri [-177,1.74]  [-1.55,152] [-1.39,1.37] [-1.27,125] [-1.12,1.10] [-1.01,1.00] [-0.88,0.87] [-0.85,0.84] [-0.85,0.84] method but a
fra [-3.64,3.35]  [-3.18,2.94] [-2.87.2.66] [-2.63.244] [-2.32,2.17] [-2.09,1.97] [-1.85,1.74] [-1.78,1.69] [-1.78, 1.69] way of achieving
frs [-3.64,3.37]  [-3.18,2.96] [-2.85,2.66] [-2.62,245] [-231,2.17] [-2.09,1.97] [-1.84,1.75] [-1.78,1.69] [-1.78, 1.69] unitarity b
fre [-4.70,4.65]  [-4.18,4.13] [-3.82,3.78] [-3.56,3.52] [-3.22,3.19] [-2.98,2.95] [-2.73,2.70] [-2.67,2.65] [-2.67,2.65] . y Y
fr [-11.46,10.67] [-10.02,9.36] [-9.06,8.48] [-8.37,7.85] [744.7.00] [-6.77,6.39] [-6.02,5.71] [-5.85,5.56] [-5.85,5.56] discarding any
frs [-2.90,2.90]  [-2.54,2.54] [-2.29,2.29] [-2.11,2.11] [-1.86,1.86] [-1.69, 1.69] [-1.49,1.49] [-145,145] [-1.45, 1.45] predictions made
fro [-6.17,6.17]  [-541,5.41] [-4.86,4.86] [4.48,448] [-3.97.3.97] [-3.62,3.62] [-3.23,3.23] [-3.13,3.14] [-3.13,3.14] for energy above
a certain point
0 e e k2] L L I~ B L L B L J2] -' N B
E 3:_ (5=13TeV, ﬁ =139 1" At -, _fn: i= 10 {s=13 TeV, ﬁd,:mg,«b—f T T € 6 r 13TeV Ldr—rsgfb “fre —fre
3 - ] 3 - - 3 - .
- fro/A* = /AT = A% = 1 Tev™ 7 - frs/A = /A = 1/AY = 1 TeV™? - B fra/At = /At = 1 Tev* ]
2k K\ ATLAS Work-in-progress —| B \\ ATLAS Work-in-progress ]| 4 \\ ATLAS Work-in-progress —
- ] 5 = - 8
1;— \'\_’\ —; E T — E 2 \\\_‘\ -
i3 E o . o =
E = [ ] - .
- ] - ] | . ]
2 7 = -5 - ol i
- f - - // . _4:_ f _:
-3k = _10- . - ]
C ] 10p - -6 —
S | S T R P R T R I I I [ P R L P RS TS NS N
2 4 6 8 10 12 2 4 6 8 10 12 6 8 10 12

Cutoff m, [TeV]

Cutoff m, [TeV]

Cutoff m,, [TeV]



Limits

Unitarity violation — Clipping Scan m;;
Wilson Expected (Asimov) 95% CL Limit
Coeflicient 2 TeV 2.2 TeV 2.4 TeV 2.6 TeV 3 TeV 3.5 TeV 5 TeV 10 TeV 00
fro [-3.40,3.11] [-3.00, 2.76] [-2.71, 2.51] [-2.49, 2.32] [-2.21, 2.07] [-2.00, 1.88] [-1.78, 1.68] [-1.72, 1.63] [-1.72, 1.63]
fri [-4.07, 4.00] [-3.62, 3.56] [-3.29, 3.24] [-3.03, 2.99] [-2.70, 2.67] [-2.45,2.42] [-2.18, 2.16] [-2.12, 2.10] [-2.12,2.10]
fra [-8.31,7.77] [-7.38, 6.94] [-6.72, 6.33] [-6.21, 5.88] [-5.55,5.27] [-5.05,4.81] [-4.51, 4.32] [-4.39, 4.21] [-4.39, 4.21]
frs [-8.31,7.80] [-7.38, 6.95] [-6.69, 6.33] [-6.20, 5.88] [-5.52, 5.26] [-5.04, 4.82] [-4.50, 4.32] [-4.38, 4.21] [-4.37, 4.20]
fre [-10.31, 10.19] [-9.31,9.21] [-8.58, 8.49] [-8.05, 7.97] [-7.36,7.29] [-6.86, 6.80] [-6.33, 6.28] [-6.22, 6.18] [-6.22,6.17]
fr7 [-25.78,24.29] [-22.95,21.71] [-20.94, 19.87] [-19.51, 18.56] [-17.51,16.72] [-16.09,15.41] [-14.46,13.90] [-14.14,13.60] [-14.13,13.60]
Jrs [-6.51,6.51] [-5.79,5.79] [-5.28, 5.28] [-4.90, 4.90] [-4.37,4.37] [-4.00, 4.00] [-3.60, 3.60] [-3.51, 3.51] [-3.51, 3.51]
fro [-13.72,13.72] [-12.26,12.26] [-11.16,11.16] [-10.39, 10.39] [-9.31,9.31] [-8.53, 8.53] [-7.72,7.72] [-7.53, 7.53] [-7.53,7.53]
. L L ) o) L L B~ o B B s g ) @ 151 L i = R
8 Ys=13 TeV, ﬁdr:fsgfb" ot -f] E - \5=13 TeV, ﬁ_dr:mg ' “frs e -t € - \5=13TeV, ﬁdr:isg ' e he
6 frolAY =t A = fy/AY = 1 TeV* -~ Y. fr/A = £ /A = /A% =1 TeV™* - - ol frgf/A* = frgfA* = 1 TV ]
- ATLAS Work-in-progress | N ATLAS Work-in-progress | - ATLAS Work-in-progress ]|
4 = C . - i
25_ \\\ —E 10:— S g 5:— \\\ E
o E o E of -
—2F = - ] E E
- ERT - ST -
-6 // g —203— / _ —10[- =
-8 = - § . .
S B B ol R B I L - .
2 4 6 10 12 2 4 6 8 10 12 e e o

Cutoff m, [TeV]

Cutoff m, [TeV]
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Current limits for f operators

CMS
Aug 2020 ATLAS  —! Channel Limits JLdt s
A" — -1.2e+00, l?e+DDJ 359" 13 Tev
T0 —_ Zy -3.8e+00, 3.4e+00 19.7 th 8 Tev
[ Zy -7.4e-01, 6.9e-01 350 fpt 13 Tev
—_ z -3.4e+00, 2.9e+0 ] 29.2 b} 8 TeV
I ] 'y -5.4e+00, 5.6e+00 19.7 fb* 8 TeV
— Wy -6.0e-01, 6.0e-01 359 fpt 13 TeV
—] ss WW -4,2e+00 4.6e+00] 19.4 fb* TeV
H ss WW -2.8e-01, 3.1e-01 137 fh* 13 Tev
] Wz -6.2e-01. 6.56-01 137 fh* 13 TeV
II.II pird -2.4e-01, 2.2e-01 137 b 13 Tev
WV 7V -1.2e-01, 1.1e-01 35.9 b 13 TeV
AR — -3.3e+00, 3.3e+00 359107 13Tev
T —_— Zy -4.4e+00, 4.4e+00 19.7 fb 8 Tev
| —| Z -1.2e+00, 1.1e+00 35.9 fp! 13 Tev
—_— 'y -3.7e+00, 4.0e+00 19.7 fb? 8 TeV
H Wy -4.0e-01, 4.0e-01 359 fpt 13 TeV
—_ ss WW -2.1e+00, 2.4e+00] 19.4 fh* 8 TeV
H ss WW -1.2e-01, 1.5e-01 137 b 13 TeV
W2z »3.79—01, 4.1e-01 137 fb™ 13 TeV
E 77 -3.1e-01, 3.1e-01 137 fh* 13 TeV
. e S50 ke ) el
fra /A I L — " 2y 75:96+00, 9.06+00 197fr  8Tev
| — | zZ -2.0e+00, 1.9e+00 35.9 fb! 13 TeV
} | 'y -1.1e+01, 1.2e+01 19.7 fb?t 8 TeV
— Wy -1.0e+00, 1.2e+00 359f"! 13 TeV
I | ss WW -5.9e+00, 7.1e+00 19.4 fh* 8 TeV
H 55 WW -3.8e-01, 5.0e-01] 137 fb* 13 TeV
— Wz -1.0e+00, 1. 3e+00] 137 fb* 13 TeV
[ 77 -6.3e-01, 5.9e- 01] 137 b 13 TeV
H WV ZV -2.8e-01, 2.8e-01 35.9 fb*! 13 TeV
fo_/A? I | Zyy -9.36+00, 9.16+00] 20307 8Tev
TS — Z -7.0e-01, 7 4e- 01% 35.9fh* 13 TeV
—_ 'y -3.8e+00, 3.8e+00] 19.7 fb?t 8 TeV
: = o et s e
fre /A _ . 2.8e+00. 3. 0e+OOJ BIB hY
: = o 5 Be0l 7 Bevh ) TR
fr7/A ; " . 7 3e+00. 7. 7e+00] BB ey
4 =3 4 SERALE, BIb B
fra /A H ? 4 Te0k 47001 35.9 fo” 13 TeV
e+ e+ "
: — 2 EE i 0 C
fro /A ' P 1 2 “4.06+00’ 4.06+00 2031 8 Tov
— Zy -1.3e+00, 1.36+00 35.91b 13 Tev
_ Zy -3.9e+00, 3.9e+00 20.2 fh; 8 TeV
| | HH | | 7z | -9.2¢-01,'9.2e-01] 137 13 Tev
20 0 20 40
aC summary plots at: http://cern.ch/go/8ghC aQGC Lim |tS @95% C.L. [TeV ]
Coupling Exp. lower Exp.upper  Obs. lower  Obs. upper Unitarity bound
Fro/ A —0.37 0.35 —0.24 (—0.26)  0.22 (0.24) 2.4
Fri/ A —0.49 0.49 —0.31(—0.34)  0.31(0.34) 2.6
Fro/ A —0.98 0.95 —0.63 (—0.69)  0.59 (0.65) 2.5
frs /A4 —0.68 0.68 —0.43(—0.47) 043 (0.48) 1.8
Fro/ A* ~15 1.5 —0.92 (~1.02)  0.92(1.02) 1.8

CMS: Expected and observed lower and upper 95% CL limits on
the couplings of the quartic operators TO, T1 and T2, as well as
the neutral current operators T8 and T9. All coupling
parameter limits are in TeV ~*, while the unitarity bounds are
inTeV.
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Sensitivity of QGC operators

fm, fs fr . ——
Lerpr = Loy + z A4] OM] Z 15 OS J z /L] OT] Parameter \ (TeV—%) Quadratic function with SM=0 (pb)
j=0,1 j=0,1 j=0,1 Fhro/A* o(A) =—2.022-10"% - XN+ 3.464- 1073 - \?
Fy /A o(A) =8.939-107° - A +2.872-1071. \?
= 4 x10° | . _ Fyp/A? o(A) = —3.569-107° - A+ 1.980 - 1073 - \2
8 - B 1aTev | _. | 3 - Fus/A o(A) =9.496-1070 - XA+ 1.641-107% - \?
5 B EF;I'+SM—EFT Interference, pp — ZZjj — F:f/A‘ ] FM4/A4 O’()\) = _—92980-10~ ) “A+2.741 - 10—4 )\2
© 35 1 Fus/A* o(\) = —2.452-107° - A4+ 1.443-107* - )2
- 1 Fur/A* o(N) = —4.305-107° - X\ +7.934-107° - \?
31— =
25 = * pp - ZZjj samples
- = = No Z - [l applied
ol — = No fiducial cuts applied
- . = No SM amplitudes includes
1.5 — = only linear and quadratic terms
1— -
0.5— =
0 -




Sensitivity of QGC operators

Lgrr = Loy + Z %OM j z fS,] OS j Z fT] OT J Parameter A (TeV—*) Quadratic function with SM=0 (pb)
J=0,1 J=01 Fso/A* o(A) = —1.534-107° - A 4+ 2.362- 1077 - A\?
) Fg1 /A% o(A) = —4.234-107%- X4+ 3.890- 1077 - \?
x107°
a = T 1 T 1 | , —
Q — {s=13TeV —
. | EFT + SM-EFT Interference, pp — Z2jj . |
b.._. B . Fop /A |
40— —
B Fg, /At B
30— . = pp - ZZjj I
- . pp JJ samples
- i = No Z - [l applied
- . = No fiducial cuts applied
20— __ = No SM amplitudes includes
- i = only linear and quadratic terms
10— —
0_ |
I L1 T -1 | ]
—1 0.5 0 0.5 1

-4
Og [TeV™] 21



