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Do

* Measured the ZZ cross section with
9.6 — 9.8 b of pp data at 1.96 TeV

- Very pure — few processes in SM
mimic 41 final state

Motivation and Goals

- Measurement with full dataset

- Extension to Higgs boson search

e Anomalous coupling limits with up to 8.6 fb™

- Searches for anomalous couplings have been done at
DO in WW, Wy, and WZ final states separately

- By adding data and combining final states, set tighter
limits




The DO Experiment

Pseudorapldlty r] = -In(tan(06/2))

* A multipurpose
particle detector ‘ D i |
* Innermost detectors are CEI mL_
the trackers, followed _ - ‘
by calorimetry and : H H = | |
muon chambers — e B
chaber_ calorimeier calorimeter _chartper

* Electron ID uses EM

photons

o calorimeter + tracker
muons * Muon ID needs 1solated track
_TLP with hits in muon chambers or

calorimeter deposits consistent
with muon

Innerrmost Layer... ¥ .. Outermost Layer




InterCryostat Region

Electrons H o ] | |
* D@ has gap in EM ‘ el B =
Calorimeter s o= —
* ICR electrons use track H | ‘ i | | |
matched to narrow cone = —
of energy in hadronic A
calorimeter and ICD nN=1.1
e Adds 10% to ZZ acceptance 31 B ,//// \\’ > \ y
 Calorimeter energy % % \\\\\\\\ = N
resolution poor in ICR Central /‘s |/l \//%//% \\\\
- Electron track used to ~— 18 e
estimate the p_ m ’“\‘])




/7 Event Requirements

 We require M(/]) > 30 GeV
for both reconstructed Z's

- In 2e2, use M(UM) and M(ee)

- In 4 & 4e, at least one pairing
of leptons must pass this cut

® .. DO, L<9.8fb" ~= Data
@12
o [ | |zz
$ 10 1z + Jets
ﬁ i [ Migration
o 8l Al Higgs Signal x40
E‘ : M, =125 GeV
a g — qgg—H-2Z
- —ZH
4__ o
2t Jﬁ
LB -
%20 40 60 80 100120 140 160 180 200

Dilepton invariant mass (GeV)

- In 4, only oppositely charged pairs considered

e In 4e, need at least 2 electrons in central calorimeter

- Also 1n 4e use events that have 1ssues with muon chambers

to expand acceptance

* In 41, need at least 2|1 with hits in muon chambers

* In 2e2|l, dR(e,) > 0.2 for all e-[ pairs




Signal and Backgrounds

* The ZZ signal acceptance 1s estimated with PYTHIA

e There are three main sources of background for the
/7 cross section measurement

- Instrumental — Vector boson events with additional
photon or jets misreconstructed as leptons — mostly Z
+ 2 jet events

- Migration — Z/y* Z/y* events where at least one of the

Z/Y* has a mass < 30 GeV, but 1s reconstructed with a
mass above 30 GeV

- tt, where the b-jets are mistaken for isolated leptons

- Migration and # estimated using MC
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Instrumental Backgroun

d

* Implemented in 2 steps -
- Measure j—/ misreconstruction ***

o 0.001

—

pTOb ablhtles 3 0.0008

0.0006

0.0004

TT I T T[T T T [T T[T T[T T[T TTJrrryrrrs
[N R RN R R LR AR

- Apply to lepton + jet events

0.0002

DO,L = 8.6 fb"

0

e Misreconstruction rates R
measured 1n events triggered = (-
by a high p; jet

* Apply rates to 21 + >2 jet and
31+ >1jet events to estimate [ S
background T el




Events per 20 GeV

Events Yields

We divide the analysis into 8 subchannels, four in 4e,

three in 2e2u and 44, based on the number of electrons
In the central, endcap, and intercryostat regions

Summing over all final states, expect total of
102 22 =20 and 1.5 bkgd events, with 13 events
seen in data.

o]
o]

8
[ DO, L <9.8 fb” -= Data (a) g [ DO, L <9.8 b - Data (b) E [ DO, L <9.8fb” - Data (b)
7F [ lzz o TF [ zz o 7H [ zz
[ o [ - [
- [_|Instrumental s f [_|Instrumental s f [_|Instrumental
6 [ Migration 2 6F [ Migration 2 6] [ Migration
5[ Higgs Signal x40 | & 5[4 Higgs Signal x40 £ 5;.1 Higgs Signal x40
: M, =125 GeV o M,=125 GeV o M,=125 GeV
ar . — gg—H-ZZ 4] - — gg—H-ZZ ar — gg—H-ZZ
33_1 —ZH 3k —ZH 3 —ZH
2 —L of of
I £ R . ) il +
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Leading Z/y* p; (GeV) Second Z/y* p, (GeV) Ziv* Ziv* po (GeV)
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Systematic Uncertainties

e The most significant sources of systematic uncertainty are
on the signal acceptance

- Lepton 1D

e 3.2% / muon, 3.7% / Central/Endcap electron, 6.0% / ICR electron
- Trigger efficiency uncertainty of 1.0%,

- electron and muon energy scale uncertainties
- ZZp_reweighting — obtain distributions from Sherpa and Pythia,
use difference as a systematic

e Background systematic uncertainties

- Fake rate and statistical uncertainties on Z+jets background
- 20% on ¢t to account for x-sec, b—/ fake rate uncertainty

- Migration has 7% x-sec uncertainty+same uncertainties as signal
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w Cross-Section

Calculation
e To find the —In(L) = ZJ x BR; X a; X €; X /ﬁ dt _|_‘j\j£?/i‘9
cross-section, we minimize  — N;ln <a « BR; % v X € x / r dt)

the negative log-likelihood

- Include systematics by varying acceptance and backgrounds by

+1 s.d. and adding in quadrature
+0.44

o O(pp — ZIy* ZIy¥) =1.261 % (stat. )7 1 (syst. ) £0.08 (Iumi) pb

e Using MCFM, apply a 3s7cale facgolg to obtain
o(pp — ZZ) = 1.05" 50 (stat. )y 15 (syst. )i0.06(lumi)pb
combine with cross section measurement in ZZ — [/vv (link)
o(pp — Z7) = 1.32f8:§2(stat. )+0.12 (syst. )=0.04 (lumi) pb

in agreement with SM value of 1.4 £ 0.1 pb
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http://dx.doi.org/10.1103/PhysRevD.85.112005

DO |
Extension to Higgs
boson Search

e Higgs discovered at CMS
and ATLAS experiments at
125 GeV in H—ZZ and

H—yy

e We extend cross-section
measurement to Higgs
boson search at D0

o Formissing E_<30 GeV,

use four-lepton mass as
discriminant, otherwise use
missing E

T
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Extension to Higgs Boson Search

e At 125 GeV, expect 0.14
Higgs boson events

e Set limits using modified
frequentist approach

- Log-likelihood ratio test

statistic

e At 125 GeV, find an observed
(expected) limit of 42 xSM

(43 xSM)
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§ C DO, L=9.8fb” LLR_ +2s.d.
C bH_}ZZ_}E-I—E—fr-I-Er— LLR_ =1 s.d.
21 (b) LLR.

95% CL Limit/SM
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I R R R S RS S R S
120 140 160 180 200

= IStandan:i Ilu‘lodel =1 (lJ

L " ] | ] 1 L
120 140 160 180 200
M, [GeV]




General WWYV Lorentz Invariant
Lagrangian

— ¥ v t v . v I‘ly v v v
LWWV/gWWV“fgr(WLvWFV —Ww, VW 3+WVW;W1;V‘” +M_ﬁ,WL‘WP"V ’“*nglWV(E}”V +9YVH)
) por , N ity . _ 8wwz = gCOS@W
vpo - . uv . Loy .
YT WIBW IV, iRy W, PI S WA o osing,

* Vcanbe Zor ¥y
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General WWYV Lorentz Invariant
Lagrangian

iA
Lywy /8wwy @ LW"V"—WLV,,W*“’J;W,,V#V+M—:WLW#vVvl~g;’WlW,,(a#VV+a“V#}
W

2 t 3 t iy ily + F5 vl 8wz = 80088y
+gsé-# PO WFaPWv]Va+IKVW#WvV# + Mfy le_pW#vV ’ gWWy = gSiDHW

* Vcanbe Zor y
 Inthe SM, ¢ =k = g' =k =1, all others =0
Y
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General WWYV Lorentz Invariant
Lagrangian

Lywy /wwy =18 (W WV — WV W) +ik, WIW Ve +—W1#W” & W (3*V'+3"VH)

.9 @‘” 4 @W* 7 vh Sz = £00S0yy
+glerr (WS W)V, WP+ WP o
£s oY W ATy Ewwy ~ gsinb,,

* Vcanbe Zor y
 Inthe SM, ¢ =k = g' =k =1, all others =0
Y

- U(1) symmetry demands g’ =1, g' =g’ =0

~— ~—

o Require CP invariance — g" =k _=A_=0
4 \% \%




General WWYV Lorentz Invariant
Lagrangian

Lywy /wwy =18 (W WV — WV W) +ik, WIW Ve +—W1#W” & W (3*V'+3"VH)

- b o t - Gz = 8008,y
vpo . uv . m 3 .
@ {WFaPWvJVJ@v#WvV MW g = gsing,

* Vcanbe Zory
 Inthe SM, ¢ =k = g' =k =1, all others =0
Y

- U(1) symmetry demands g’ =1, g' =g’ =0

~— ~—

o Require CP invariance — g" =k _=A_=0
4 \% \%

 Require C, P invariance separately — g’ =0

e Vary g“,K , A tosetlimits on anomalous couplings
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Final States

e To set limits on anomalous couplings, we consider
- WW—IVI'vin 1.0 b (link)
- Wy—Ivyin 4.9 fv"' (link)
- WW+WZ—Ivjj in 1.1 v (link)
- WW+WZ—1Vjj in 4.3 b (new)
- WZ — IVI'T'in 8.6 fb" (new) 07500010200 o vy,
* Cross sections 1n each channel have been measured

(@) D@, L=4.3fb"'! +Data
= Bwv
----- A=0.1, EW/Z+f.
Ak, =02 EW/Z+hf,
Il Top

[ ]Multijets
% Uncert.

2

Events / Bin

[En—.
-
[O]

2

 The SM signal and most backgrounds modeled with
PYTHIA+ALPGEN and ALPGEN MC, reweighed to NLO

- Multjjet backgrounds estimated using data



http://dx.doi.org/10.1016/j.physletb.2010.10.047
http://dx.doi.org/10.1103/PhysRevLett.107.241803
http://dx.doi.org/10.1103/PhysRevD.80.053012

Anomalous Trilinear Gauge
Couplings (ATGC)

. 5 353— (b) D@, L=8.6 fb' +Data
* Use MCFM with CTEQ6L1 PDF to3 3o G
. . . . S 3 ot bod.
estimate ATGC distributions 2 j;%{» ™ Uneert
P S e 7\.=—0.05,
* ATGC tend to increase e A8 =000
CTroOSS SCCtiOIlS at high pT 5;_ ................................
. . . . - 00 20 40 60 80 100120140160 180200
* To avoid violating unitarity,a p! (GeV)

cut-off of A=2TeV 1s chosen
at the Tevatron

- Interpret this as the scale of new physics
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Anomalous Trilinear Gauge
Couplings (ATGC)

.
2 35— (b) D@, L =8.6 fb'! +Data
e Use MCFM with CTEQ6L1 PDF to3 30 Dz
. . . . 8 E or
estimate ATGC distributions 2 > ?%{» B Other bgd.
—e— | Ll e }\‘ 005
 ATGC tend to increase 1 Ag}=-006
cross sections at high p- sk B —
. 00 20 40 60 80 100120140160180200
 The SM is related to the p! (GeV)

ATGC expectation by ¢ > M d

8 |M|5M|J\J/\;\”Udﬂ

o< |M|4y 1+ AAk + B(Ak)?
+ CA+ DM2 + EAg) + ete...|dz
X dUSM-R(Afi, )\,...),

where do (do_ ) and MJ* (M| ) are the ATGC (SM

differential cross section and matrix elements,
respectively, and A, B, C... are reweighting coeff
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Anomalous Trilinear Gauge
Couplings (ATGC)

E 35_— (b) D@, L =8.6 fb'! +Data
e Use MCFM with CTEQ6L1 PDF to3 30 Wz
. 5 5 5 S = or
estimate ATGC distributions 3 33M+ B Other b
—e— | .l e A= -0.05,
e ATGC tend to increase o Agf=-0.06
Cross Sections at high pT 5;_ ................................
00 20 40 60 80 100120140160180200
pr (GeV)
* R 1s calculated for each binof ,, . vru
the kinematic distributions x M2yt da
. I M + AAk + B(Ak)?
used to set limits, and the SM i i 'jf‘g&z A fet(’j)”]df
X dJSM : R(Ali, )\, ),

MC 1s reweighted to match the
ATGC
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Equal Coupling Parametrization

< 0.12¢

0.1£. DB, L=0.70-8.6fb"' O Standard Model
* For equal couplings, 0% @ =559 Comour
AK=AK,=AK,, A=A =\, iy Q >
R (Ar,A) = 1+ AAk + B(Ak)? ook
+ CA+ D)2 + EAR, 0.045

-0. 06— Equal couphngs parameterization

* To fit for limits, use minimize X~ With respect to
Gaussian priors on on uncertainties

- Use p (/) distribution of WZ—IVI'l"and WW—IVI'V,
p. () of WWHWZ—1vjj, and E (Y) from Wy—ivy

Results for Equal couplings parameterization
Parameter Minimum 68% C.L. 95% C.L.

Ak 0.037 [—0.007,0.081] [—0.049, 0.124]
A 0.008 [—0.017,0.028]  [—0.039, 0.042]




[LEP Parametrization

R (Aky, N\ Agy) =1+ AAk,

C + B(Aky)? +CAX+ DN
& B
In the LEP parametrization, + EAg1 4+ F(Ag)? + GARo

AK,=Ag,* — MK tan20y, A=A=A, + HAw, Ag+IAAg,.

< 0.15
T D@,L=0.70-8.6fb" O 1%/}gm_dard Model
. } C ® Minimum
Results for LEP parameterization 0.1 (@) —95% Contour
Parameter Minimum 68% C.L. 95% C.L. C 68% Contour
AFLA, 0.048 [—0.057, 0.154] [—0.158, 0.255] 0.05~
Aglz 0.022 [—0.008, 0.054] [—0.034, 0.084] E
A 0.007 [—0.015, 0.028] [—0.036, 0.044] 0:_
-0.05 [ gp parametenzatlon
il PR R S I [ T A T Ly v v by oy 0 | TR A S ST N S B S SR T
0.3 0 2 0.1 0 0.1 02 03 04
Ax,
N — 0.25¢ =} N~ 0.2¢
iy - D@,L.=0.70-8.6 b O Standard Model ey - D@, L=0.70-8.6fb"' O Standard Model
0.2E () ® Minimum 015 ® Minimum
- —95% Contour - © — 95% Contour
0-15;_ 68% Contour 0.1 68% Contour
0.1F
0.05E 0051
E [ ] C
o e) 0:—
-0.05 ;_ LEP parametenzatlon '0-05 - LEP parametenzatlon
C PR T R RN SN TR TN [ ST SO ST S N SN S S IR T S N T T R NN ST S S '
-0. 3 O 2 0 1 0 0.1 0.2 0.3 04 0 06 0 04 0 02 0 0.02 0.04 0.06

A



Comparison with LHC
e i Results

pp — vy ATLAS, \s =7 TeV
95% CL 46", A=6TeV
ol DO(f\;v1y),\s:1T_9\jsTev . . °4°
e Limits are competitive
}”Y =i === DO (WWWZWy),\s=1.96TeV 1 1 r 1 1
86fb", A=2TeV

e with recent results from
ATLAS and CMS

DO Combination ~ -0.034 - 0.084 8.6 fb™

TS Ty P
AKY ------------------- 4
e Hard to compare directly,
Jllllllllllv‘lllllilllllllllll
405 0 05 115 because ATLAS and
Coupling Strength
CMS use A—» or 6 TeV
R R B VY YV B R
e o — As A 1ncreases, the limits
e LEP Combination -0.074 -0.051 0.7 fb™
-0.062 - 0.059 4.6 b :
Az — m -0.048 - 0.048 Z.S% become tlghter
— wz -0.046 - 0.047 4.6 fb™
— WV -0.038 - 0.030 5.0 fb™
For DO Combination  -0.036 - 0.044 8.6 fb™
Fo LEP Combination -0.059 - 0.017 0.7 fb™
T A
— W2 -0.057 - 0.093 4.6 o
::l:_{
‘ : ‘

LEP Combination -0.054 -0.921 0.7 fo’

Y ] G ' Comparison tables from S. Hassani's talk at

aTGC Limits @95% C.L. Moriond EW 2013




Conclusion j[ooicoan  com @

; - \:’In.strm.nental

e Have measured the o % Hings Srgna 0
= o 3 4 4 M=125GeV

pp — Z/y* Z/ y* cross section | 128 GoV
at 1.96 TeV (arXiv:1304.5422) * Hﬁ —

1.26 05t (stat.) o2 (syst. ) +£0.08 (lumi) pb 1‘ L LLH

e ssn

Set improved limits on ATGC °°_'5|°'H°ﬁ3§fﬁi‘,’33§?},ﬁg‘r’i§fﬁ£{5°°
Phys. Lett. B 718, 451 (2012)

1

< 0.12¢ l
o 2013 0.1 D9, L=0.70 - 8.6 b O Standard Model
T T l T T T T T T T T ] T I T T l T A+LAé Lirlnitsl T T '_l{ T 0 08:_ (d) ' Mlnlmum
CMS Limits 1 Vs == 05% Contour
LEP Limit o 0.06 68% Contour
— WW -0.043 - 0.043 4.6 fb™ =
Axg — WV 10.043-0.033 5.0 fb" 0.04F
| LEP Combination -0.074 - 0.051 0.7 fb™’ 0.02
A - ww -0.062 - 0.059 4.6 b OF
z . Ww -0.048 - 0.048 4.9 fb™ 0.02E
— wz -0.046 - 0.047 4.6 fb" Ve
— WV -0.038 - 0.030 5.0 fb’ -0.04:—
. LEP Combination -0.059 - 0.017 0.7 fb" oo o1 1g
Agz — WW -0.039 - 0.052 4.6 b’ -0 i -0 05 0 0. 05 O 1 015 0.2
1 — WW -0.095-0.095 4.9 fb™ Ak
— WZ -0.057 - 0.093 4.6 fb™
o DO Combination  -0.034-0.084 861" [ ¥ : e
[ ¥ LEP Comblnat|[0n -0.054-0.?21 0.7 b’ Direct comparisons difficult as
05 0 05 T 15 ATLAS & CMS set A—

aTGC Limits @95% C.L. R €EIR



http://arxiv.org/abs/1304.5422
http://dx.doi.org/10.1016/j.physletb.2012.10.062
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DO
Electron and Photon ID

* Both e & y are identified by |
deposits of energy in EM

'u
X
®
L2
-
o
2
@
-
0
n",
0

Al

- Separate e from Yy using ._ e
tracking information

- In ZZ, tracking cuts relaxed to
Improve acceptance

- Calorimeter used to estimate p_ ‘ i\

e The ZZ and WZ analysis use ICR electrons

- Limited to no EM calorimeter coverage between CC and EC

- Require a track matched to calorimeter cluster

- Track used to estimate p_

 Multivariate technigues to separate electrons from jets
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Do

/+jets Background

* Implemented 1n 2 steps

- The j—1 fake rates measured in
QCD sample

- Fake rates applied to leptontjet
events to estimate Z+jet bkgd

» Fake rates calculated using a
tag-and-probe method

- the highest p_jet in used as tag

- A@(tag,probe) > 3.0

* The fake rate = N(probe jets within dR < 0.5 of a
good lepton)/N(probe jets)




Do

/+jets Background

 In the 4e¢ final state, we apply the
fake rates to a 3e+jet sample

- accounts for j—¢ and y—e
* In 2e2 final state, the total background 1s given by
N(HpeHj)xf, — N(UpHjj)>1E " + N(eetjj)x1,

- Negative term accounts for double counting of jets in
Uue+) final state

- Considered in 4e final state, found to be negligible

* In 4m final state, fake rate applied to 2u+2j events

James Kraus




Event Yields — 4e final State

2 CC
2 EC

3 CC
1 EC

4 CC

> 2 CC
1 ICR

Instrumental backg.

0.15£0.01 £0.03

0.12 £ 0.01 £ 0.02

0.05 4+ 0.01 = 0.01

0.29 £ 0.04 T35

Migration 0.014 £ 0.001 £ 0.002{0.023 £ 0.001 4 0.0040.025 £+ 0.001 4 0.004|0.024 £ 0.001 4 0.003
Total non-Z2 0.17 £ 0.01 £0.03 0.14 £ 0.01 £ 0.02 0.08 £0.01 = 0.01 0.32+0.04 093
background

Expected 0.48 +0.01 £ 0.07 1.14 +0.01 £ 0.17 1.03 + 0.01 £ 0.15 1.47 +0.01 £ 0.19

t-channel Z/~* Z/~*

Observed 0 1 2 2
Events
> 4r 3 > 4r 3 > =
> | DO,L=9.8fb = Data g | DO,L=98f - Data 3 5(DO, L=9.8fb — Data
g d [zz o []zz 9t []zz
5 [ ]Instrumental I [_]Instrumental E al [ ]Instrumental
2 3 [ Migration 2 3 [ Migration s T [ Migration
"g' - Higgs Signal x40 "g' - Higgs Signal x40 ‘g’ i Higgs Signal x40
@ M,=125 GeV @ _f M,=125 GeV a 3t M,=125 GeV
2 2 -1 — ggH-ZZ 2 — ggHZZ e [ — gg—H-ZZ
- —ZH - —7ZH —7ZH
= . 1o L - ———
% 50 100 150 200 250 50 100 150 200 250 I % 20 40 60 80 100 120 140 160

Leading Z/y* p, (GeV)

Second Z/y* p. (GeV)

Ziv* ZIv* p, (GeV)



2e2u Events per 20 GeV

Event Yields - 2e2 Final State

0 CC 1 CC 2 CC
Instrumental backg. 0.11 £0.01 £0.03 0.21 £0.01 £0.04 0.27£0.01 £0.04
tt (0.2 702 £0.6) x 1072 [(1.0 705 £0.2) x 1072 (0.3 752 £0.3) x 1072
Migration (2.1 752 H08Yy < 1072 [(5.04+ 0.8 T15) x 1072 [ (4.8 T8 +£1.0) x 1077
Cosmic rays < 0.001 < 0.003 < 0.006
Total non-Z 7 0.12 £0.01 £0.03 0.23 £0.01 £0.04 0.27£0.01 £0.04
background
Expected 0.43 £ 0.01 £ 0.06 2.37 £ 0.02 £ 0.28 4.13 £0.03 £ 0.49
t-channel Z/~v* Z/~*
Observed Events 2 1 2
4;DO,L=9.6 fb™! —=- Data 2 4-00 L=9.61fb" —=- Data > 5/-DO, L = 9.6 fb" —= Data
= [zz 9 b [zz o | [1zz
- [ ]Instrumental ; - [ ]Instrumental g al [ |Instrumental
3 [ Migration .y 3 [ Migration a [ Migration
_ Higgs Signal x40 ‘5‘ = Higgs Signal x40 ‘g’ - Higgs Signal x40
i M,=125 GeV 20 M,,=125 GeV 230 M,=125 GeV
2 T — gg—H-2Z & 2;"ﬂ — gg—H-2Z &I — gg—H-7Z
g ( 1 —2ZH § 5 W —ZH S 2 —2ZH
1 4+ 1 o
J : kN +
a L __—I__L—I_ L
%|—=| == E = _I_.' . | a8 ; |

: ==
40 60 80 100 120 140 160

; . — L ]
50 100 150 200 250 00 50 100 150 200 250
Ziv* ZIy* p; (GeV)

Leading Z/y* p, (GeV) Second Z/y* p; (GeV)

o
i
g-



Events Y1

elds — 4 Final State and Total

Number of Events

Instrumental backg.

Migration osr=o002 5 <07t states, expect total of

Cosmic rays

0.12 £ 0.01 5 Summing over all final

<0.01 oS ZZ events:1ale

Total non-ZZ7
background

0.15 £ 0.01 F997 1.5 bkgd eventS, wit

Expected
t-channel Z/v* Z /v~

96 & 0.02 £ 043 13 events seen Iin data

Observed Events 3
> ar -1 > ar -1 > -1
8 - D0, L=961b —=— Data 8 -D0,L=961b —=— Data 8 5_—D0, L=9.6fb —=— Data
S — D ZZ S — D o4 o [ D ZZ
= - [ |Instrumental = - [ |Instrumental g al [ |Instrumental
o 3 [ Migration o 3T [ Migration & T [ Migration
‘g’ - Higgs Signal x40 ‘g’ o Higgs Signal x40 ‘g’ - Higgs Signal x40
2 i M,=125 GeV ke . M,=125 GeV a3 M,=125 GeV
3 : — gg—oH->Z2 3 — gg—H—-Z2 3 ; — gg—oH—-Z2
- —ZH - —ZH ol —ZH
u [ [ [11]
- I_L F =17 T
F LT — E \I_l:,
| — e E . Lt I N ——
cb 50 100 150 200 250 Cb 50 100 150 200 250 00 20 40 60 80 100 120 140 160
Leading Z/y* p, (GeV) Second Z/y* p. (GeV) Ziv* ZIy* p; (GeV)




Do

Higgs Systematics

e The same lepton ID and lepton energy resolution
systematics that were applied to the non-resonant

/7. MC have been applied to the ZH and gg->77
MC.

 We assume the SM non-resonant ZZ cross section
when doing the Higgs Search, with a 7% cross
section uncertainty

 We have a 6.2% uncertainty on the ZH cross

section, and a 10.9% uncertainty on the gg—H cross
section.
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