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Search for a CP-odd A boson i

b
o'/
q e
A
q ..................
Z
q \ el
T ()

Search for a CP-odd scalar A boson through
ggA and bbA production in the decay
channel to Zh, in the context of 2HDMs with

the full 2015 dataset (L=3.2/fb)

Two main channels combined:

Zh—vvbb (dominant at high ma)
Zh—I*"bb (dominant at low ma)

Search strategy: (h—bb) decay

resolved regime (ptZ < 500 GeV):
calorimeter jets R=0.4 (‘small-R’)

merged regime (ptZ > 500 GeV):
calorimeter jet R=1.0 (‘large-R’)
[b-tagging on track-jets R=0.2]
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Search for a CP-odd A boson in the Zh(bb) decay channel
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Two main channels combined:

Zh—vvbb (dominant at high ma)
Zh—I*"bb (dominant at low ma)
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Search strategy: (h—bb) decay | SB35, tanpot.8
resolved regime (pt% <500 GeV): MET+J, - Analysis

calorimeter jets R=0.4 (‘small-R’) [OLepton channel]
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merged regime (ptZ > 500 GeV):
calorimeter jet R=1.0 (‘large-R’) 10-2
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Analysis Overview and Selections
SR Common Selection [Zh—(vv,|*I)bb]

b-jets Energy Corrections

% 109 %l—l LRI LI B B B |.| |.| LN B TT T 1] |_|.|_| |D|at|a| L L B L |—|§ > semileptonic b_decays
O 10°g ATLA? \'/D}‘fgm'”arfL - A Zh (o113 t) - add closest (AR) muon’s energy to b-tagged jets
7: s=13Te t=3.2 m=m Diboson _ . . .
“\U: 10°5" 0 1ep., 1 tag m vh E > jet response correction (small-R jets)
2 10°E - i = inli i i
S _F 150Gev <p] o Singletop b)) = multiplicative pt response factor on b-jet 4vector
= 10°E m,_. SR = Wecl = 1o
LIJ 4: bb |:|W+I = %._III|III|III|III|III|III|III|III|III|III
10 E =§I§glt;cl;)c cc) = o [ ATLAS Simulation o (Och-O)/Och
10°E- iz i 2 | Madgraph A~ Zh —I'lbb MC 15.7 GeV -
= Uncertainty = % 1— m,=300GevV aeeee.... 14.2 GeV 9.8 %
102 Eg ..... Pre-fit background — L%, - 2lep, 2jet“/s, 2 b-tags o 13.5 Gov 1379
10_ B OGeVsp < 500 GeV
3 0.8— T &
12? . i " N \“
10_1;5 ! [l sStandard Jet Calibration (SJC) ) ':- ~14%
10—2 ;5 1-tag SR . 3 0.6 __A SJC + u-in-jet Correction “ '_@_' reSOIUtion
10_3_? IOW+h|gh pTZ E = ~ (O SJC + p-in-jet + Resolution Correction ." “" " improvement
pe [ S | LJ Ll | | | I I | | | I I | | 111 : | | | | | | 1 1 1 1 | | | | 1 1 1 I — , ' !
- CTTTT T 1T T T T T T T I T MmTT MTTT T T T T 1] 04_ ‘ on mH
S 1_55_ | | | | | fl | | _E i
AR | S *4***$ R \\\ SRS -
® = E B
-8 O'5__II 11 | L 111 | 1111 | 1111 | L 111 ' 1111 i1l | L 111 | 1111 | 11 II_ 02 _
- 0O 100 200 300 400 5@0 600 700 800 900 1000 i
I mISS [Gev] B 4 | | | g
1 Ol Loyl gy lpg LA =T [ L 11 L1 1 I il 2 Y == T S N, R
Z 1 0 20 40 60 80 100 120 140 160 180 200
LO\{V PT : H|9_h pT4 G
#small-R jets = 2 ' #large-R jets = 1
#b-tag jets = 1,2 ' #b-tag track-jets = 1,2 _ |
mu € [110-140] GeV  *  my € [75-145] GeV OLepton: > high Er™ss (> 150 GeV)
. . ' . . > -rejecti
Higgs candidate: + Higgs candidate: ((’[)fglgejecflﬁi?\gr:t:tic)
2 leading small-R jets + leading large-R jet pology
(1/2 b-tag) v (1/2 b-tag track-jets) 2Lepton: » |ow Eqmiss ( Eymiss/yHr < 3.5)

prZ=500GeV

> my-window around Z peak (l=e,mu)



Events / 30 GeV

Q1 Data/Pred.

Analysis Phase Space: Signal and Control Regions
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Systematic Uncertainties and Fit Model

Data fitted to MC prediction with binned profile likelihood ratio test statistic
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» dominant experimental systematics:
calibration/resolution of small-R and large-R jets energy, large-R jets mass (high pt4),
b-tagging efficiency and mistag rate

> theoretical systematics & background normalisation:

ttbar (OLepton / 2Lepton) > overall normalisation freely floating

Z+(bb,bc,cc) / Z+(bl,cl) / Z+l =P (gaussian prior for the smaller contributions: Z+I, W+jets)
o ’ > relative acceptance variations across analysis categories

W+(bb,bc,cc,bl) / W+cl / Z+l

> systematic variation on the shape of mzn (or mr,zn)
Acceptance and/or shape systematics for the smaller backgrounds (diboson, single-top) and signals

After the maximum likelihood fit to data, the total uncertainty on the signal
cross-section (ma=600GeV) is dominated by data statistics (~80%)

mr.zp = \/(E,{f + E¥1iss>2 _ (p-’% + E’rrll‘liSS)Z
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Results & Conclusions: Cross-Section Limits
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First Run2 combined result Two upward deviations from the
(low+high ptZ, 0+2Lepton channels) background-only hypothesis

Run1 exclusion limits improved for ma = 800 GeV ma=260,440 GeV

local significance ~ 20
Looking forward to the 2016 LHC run for more data! | J ]



OLepton
2-tag SR
high pt4 event

EXPERIMENT

Run Number: 280423, Event Number: 8001622

mr,zn = 985 GeV

Date: 2015-09-27 06:32:08 CEST




95% C.L. limit on o(A—>Zh)-BR(h—bb) [pb]
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Limits on an equal mixture of gluon-fusion

and b-quark associated production

» 50%[bb— A—Zh] + 50%[gg— A—Zh]

Limits on
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Cross-Section Limits: resolved vs merged regimes
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Results: 2 Higgs Doublet Models Interpretation

The results can be interpreted in the framework of Type-l and Type-Il 2HD models:

exclusion limits are shown for ma=600 GeV in the tan(3) / cos(p-a) plane,

2HDMs for points in the parameter space with 'a/ma< 5%

1 charged-scalar
1 pseudo-scalars
2 neutral-scalars
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Avoid tree-level FCNC
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symmetries:

- Type I: all quarks couples
to 1 of the doublets

- Type ll: Q=2/3 RH and

Q=-1/3 RH couple to cos (B-a) cos (B-a)
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Detailed analysis selection

SR Common Selection [Zh— (vv,I*I))bb]

Variable Low-pZ High-p#
p% [GeV] <500 > 500
Nb—tag jet 1,2 1,2
Nsmall-R jet >2 >0
Marge-R jet >0 >1
Mijet OF Mier [GeV] 110-140 75-145

OLepton specific cuts [Zh—vvbb]

Variable Low-p% High-p,lz,
EDISS [GeV] > 150 -
Nig=3) ..

Y Py [GeV] > 150 (120)(*) -
i=1
PSS [GeV] > 30 > 30
Ap(Emiss, f miss) <n/2 <n/2
AG(EXiSS, h) > 21/3 > 271/3
min[A¢(ERiSS, small-R jet)] > 7/9(x) > 1/9(%)
A¢(]9J) < 771'/9 —
2Lepton specific cuts [Zh—|+-bb]
Mmee [GeV] 70-110 70-110
My [GeV] 70-110 55-125
EDisS/ \/Hr [ VGeV] <35 ~




Event Yields

One b-tag

0-leptons low-p#

0-leptons high-p#

2-leptons low-p#

2-leptons high-p&

Z+1 55 +£31 20£1.0 118 =38 0.57 £ 0.28
Z + (cl,bl) 518=54 8218 1943 = 65 3.18 = 0.65
Z + (bb, be, cc) 82 =13 1.82 =0.35 391 =23 0.74 £ 0.13
W+l 48 =22 - - -

W +cl 111 =42 1.17 £0.45 0.67 £0.28 -

W + (bb,be,cc, bl) 185 = 71 1.80 £ 0.63 10.1 £4.2 -

1] 1202 £ 77 2.05 £0.72 276 £22 -

single top 99 £10 0.49 =0.11 15316 -

diboson 27246 5310 263 £6.1 0.67 = 0.32
(W/Z)h 3316 0.16 £0.08 3718 0.04 = 0.02
total background 2332 £ 45 230+26 2784 =47 5209
expected A — Zh (gluon-fusion) 5.00 = 0.41 - 1.73 £0.12 -

expected A — Zh (b-quark-associated) | 3.05 = 0.26 E 1.01 £0.08 i

data 2295 25 2769 8

Two b-tags

0-leptons low-p#

0-leptons high-p#

2-leptons low-p#

2-leptons high-p&

Z+1 0.13 =044 0.01 £0.01 - -
Z + (cl,bl) 47=18 0.06 =0.03 96=40 0.02 = 0.01
Z + (bb, be, cc) 81 =13 0.75 £0.15 490 =22 0.36 £ 0.05
W+ - 0.02 £0.01 - -
W +cl 3621 0.04 =0.02 - -
W + (bb,be,cc, bl) 37+ 14 0.28 £0.09 0.42 £0.20 -
1t 392 =24 022 £0.11 284 =22 -
single top 27829 - 6.39 £0.60 -
diboson 6.1 £3.1 0.05 £0.03 0.57 £0.23 -
(W/Z)h 54=26 0.10 £0.05 7637 0.03 £ 0.01
total background 557 =18 1.53 £0.25 799 =23 0.42 = 0.05
expected A — Zh (gluon-fusion) 9.21 £0.76 - 3.65 =029 -~
expected A — Zh (b-quark-associated) | 5.85 = 0.47 - 221 £0.17 -
data 577 0 788 0

Table 2: The numbers of expected and observed events for all the signal regions. The expectation is shown after
the maximum likelihood fit to the data. The quoted uncertainties are the combined systematic and statistical uncer-
tainties. The numbers predicted for a A — Zh signal process in gluon-fusion and b-quark-associated production
assume that o(gg — A) - BR(A — Zh) - BR(h — bb) = o(pp — bbA) - BR(A — Zh) - BR(h — bb) = 113 b,
for mq = 600 GeV. This cross section corresponds to the 95% CL upper limit on these effective cross sections at
this mass. A dash indicates a negligible yield of events.
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Signal Regions: low pt*4
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