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Two-Higgs-Doublet Models in one slide

EEsaLA Rather than giving a catalogue of results, | focus on two

UNIVERSITET

recent analyses at /s = 8 TeV, with interpretations in
BSM Higgs CP-conserving Two-Higgs-Doublet Models (2HDMs):

boson searches @ Five Higgs bosons: two CP-even (h and H), one

Arnaud Ferrari CP-odd (A), two charged (H" and H™).

@ Seven free parameters: four Higgs boson masses,
the ratio of vevs tan 3, the mixing angle « between
hand H, the potential parameter m?, that mixes the
two Higgs doublets ¢ and $,.

@ Four Yukawa coupling arrangements:

Qu qd 4
Type | by by Dy
Type I1 (%) by by Oy
Lepton-specific &, o by
Flipped oy by Dby

(*) The MSSM Higgs sector is a type-Il 2HDM.
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Outline

@ Search for HY — v in ATLAS

© Searchfor A— Zhin ATLAS
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H* — rvin ATLAS (1)

UPPSAL Search for charged Higgs bosons produced in association with top quarks, in
NIRRT the mass ranges 80-160 GeV (light H*) and 180-1000 GeV (heavy H*). The
decay H* — 7 is significant for all mass points.

BSM Higgs
boson searches
in ATLAS

0 o OO ————

Arnaud Ferrari

Search for
HT = v

in ATLAS
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Search for
HT = v

in ATLAS

H* — rvin ATLAS (1)

Search for charged Higgs bosons produced in association with top quarks, in
the mass ranges 80-160 GeV (light H*) and 180-1000 GeV (heavy H*). The
decay H* — 7 is significant for all mass points.

9 TOO———— *

Search strategy for a light (heavy) H* boson:

@ Use a mhag + EMSS trigger,

@ Exactly one myg With pt > 40 GeV, no electron/muon
of pr > 25 GeV, at least 4 (3) jets with py > 25 GeV,
including > 1 b-tag;

EmMiss - 65 (80) GeV;
Emiss /., /S~ pPVtk > 6.5 (6.0) GeV'/2.

LLWI 2015, 16 February 2015



UPPSALA
UNIVERSITET

BSM Higgs
boson searches
in ATLAS

Arnaud Ferrari

Search for
Ht > v
in ATLAS

H* — rvin ATLAS (2)

In selected 7+jets events,
the discriminating variable
is the transverse mass, with
a cut at 20 (40) GeV for the
light (heavy) HT search: 1000

T T
ATLAS Simulation

Events / 20 GeV

J'L dt=19.5 fb
Vs=8Tev

mr = \/2p;E¥“SS(1 — COS Agr 4 miss)-

m; [GeV]

Background estimations — data-driven methods for 99%
of the total background:

@ True maq: embedding;
@ Fake 7,4 from jets: matrix method;

@ Fake m,q from electrons/muons: simulation with
correction factors from data.
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Search for
Ht > v

in ATLAS

s 7vin ATLAS (3)

Embedding

Select a pu+jets sample in data,
with looser cuts than the nominal
event selection;

Remove the muon signature and
replace it with a simulated ;

Let 7 decay with TAUOLA,;
Propagate the = decay products
through the full ATLAS detector
simulation and reconstruction to
get the background shape.
Renormalise this background to
account for trigger efficiencies,
decay branching fractions, etc.

LLWI 2015, 16 February 2015
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H" — 7vin ATLAS (3)
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H > T T T L
Embeddlﬂg & 1400FLow-massH" selection o pata (embedded) -
° 1
d 3 i
BSM Higgs . _ % zzz EW/Zﬂ'eKS E
b°si‘r’I“AsT‘|’_aI:;hes @ Select a pu+jets sample in data, 2 Single top ]
with looser cuts than the nominal 800 nertainty E
Arnaud Ferrari [, =
event selection; 600 ATLAS ]
: 400 - 1 E
Search for o Remove_ thg muon signature and o [iaisen ]
HT = v replace it with a simulated 7; ]
in ATLAS ) o -
@ Let 7 decay with TAUOLA,; 0 010 200 Mé:\‘/’]
@ Propagate the T decay products 5 20000 : : : : -
through the full ATLAS detector © 1o High-mass H' selection .« Data (embedded)
simulation and reconstruction to < 1600 L] E
S 14002} Il Wiz+jets 3
get the background shape. § 1400 _ 1
) . @ 1200F Single top E
@ Renormalise this background to 1000 nertainty E
account for trigger efficiencies, 800 ATLAS E
decay branching fractions, etc. 600 weosw®
400 f5=8Tev 3
200 =
%0 100 IS0 200 250 300

m; [GeV]
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H* — rvin ATLAS (4)
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UNIVERSITET Matrix method
BSM Higgs @ Select Iopse gnd tight samples in
boson searches data, which differ only by the 44
in ATLAS identification criteria;
Arnaud Ferrari @ From simulation, determine the
probability p, of a realloose mhaqg
fﬁarih ffoxr to fulfill the tight requirement; True (N)
. ‘ . . . . ru r
in ATLAS @ Using a W+jets control region in ¢

data, determine the probability
pm that a fake loose T4 fulfills
the tight requirement;

@ In the loose sample, weight
events as follows:

@ Loose but not tight g

— _PmpPr
_.> W= br—pm Nt\ Pr Pm y N:
° T'th Thad NL N (1 7pr) (1 7pm) Nm

W= Pm(pr—1)

Pr—pm °
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H* — rvin ATLAS (4)
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UNIVERSITET Matrix method

BSM Higgs @ Select loose and tight samples in  Multi-jet background from data-driven
boson searches data, which differ only by the 7,oq methods, with the results of fits using
in ATLAS identification criteria; the power-log function:

Arnaud Ferrari @ From simulation, determine the
probability p, of a realloose mag
to fulfill the tight requirement;

T
TLAS
=8 Tev fLit= 1951

Search for
HT = v

Fitsys
%,

e W e Non-fit malt et sy,

Weighted events / 20 GeV

IIATEAS @ Using a W+jets control region in o
data, determine the probability 1
pm that a fake loose 44 fulfills B
the tight requirement, . SPRRRRUSN 11 0 s |
@ In the loose sample, weight ™ ee]

T
10°E ATLAS
—aTev fut=1081"

events as follows:

@ Loose but not tight maqg
W = Pmpr

Weighted events / 20 GeV

Pr—pPm’
@ Tight Thaqg
— Pm(pr=1) E 3
- w= Pr—pPm ° 10506500 300400 506600 700 800

m [GeV]
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H* — rvin ATLAS (5)

UNIVERSITET Result: no statistically significant excess of data with
respect to the SM predictions.
BSM Higgs Sample | Low-mass H' selection | High-mass H* selection
boson searches True Thag (émbedding method) | 2800 & 60 £ 500 3400 + 60 + 400
in ATLAS Misidentified jet — Thag 490+ 94 80 990 4 15 + 160
q Misidentified @ — 54 15+ 3+ 6 20+ 2+ 9
Srhaudiieat Misidentified 11 — Trag 18+ 3+ 8 37+ 5+ 8
All SM backgrounds 3300 + 60 + 500 4400 + 70 + 500
Search for Data 3244 4474
HT — 1v HT (mp+ = 130GeV) 230 + 10 + 40
in ATLAS H* (mp = 250GeV) 58+ 1+ 9

EATLAS o Data 2012 5105*A'I1L‘A‘S‘ T
[JTret . [JTret
ILdt: 195" D e J'Lm: 19517 Qe
el ~. 3 elp-t
Vs=8TeV - m, =130 GeV 210 Vs=8TeV - M, = 250 GeV (x5)
3 B(t ~ bH)xB(H - ) =0.9% gloz P tan(p) = 50 MSSM m:‘ax E
Low-mass H" selection w 100k High-mass H" selection ]
post-fit 1 post-fit ]
,,,,,,,,,,,, ——+ 10* 7
A 102 I I B I
T T e e »LE
g .5 % 1.5]
= 1 = 1
%O.S | | i | | %0'5 | | 1 1
e 0 100 200 300 400 500 600 700 800 e o 200 400 600 800 1000 1200
m, [GeV]

m, [GeV]
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H* — rvin ATLAS (6)
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UNIVERSITET Limit plots + interpretation in the MSSM m}'®* scenario

-1 FRG T T N M ANAL
" 2 ATLAS Data 2012 2 ATLAS Data 2012
BSM Higgs . —— Observed CLs ° N =10 —— Observed CLs ‘ N
boson searches . Expecied J'Lm =195 2 Expected J'Lm =195
in ATLAS ‘;710" =+ \s=8TeV ! [ +10 \s=8TeV
= T2 T 1y 2
7 3
Arnaud Ferrari 5 * "
" F10t
T

Search for
HT TU
in ATLAS

80 90 100 110 120 130 140 150 160 107556500 400 500" 600 700" 6004001000
m,,- [GeV] m,,. [Gev]
B — « 60 e
§ [ ——- Median expected exclusion S B g 1
500 [ Observed exclusion 95% CL 55 ATLAS E
o - Observed +10 theory ]
a0k - Observed 1o theory s0f Ldt=105f" ]
E ATLAS b Us=8 Tev E
30?J'Ldt =1951" asf- Data 2012 E
E r MSSM mJ® scenario
20 \5=8 TeV a0F — . Wedian expected exciusion |
o i 2 L [ observed exciusion 95% cL
10> MSSM mi® scenario & 3L e Observed +1 theory
£ S, — Observed -1o theory ]
oLt 1 1 1 1 1 Liit: 300 I I I I b
80 90 100 110 120 130 140 150 160 200 220 240 260 280 300
m,. [GeV] m,. [GeV]
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in ATLAS

H* — rvin ATLAS (6)

Limit plots + interpretation in the MSSM m™?* scenario

=~ 1pT T T T T T T
2 AT(AS Data 2012
—— Observed CLs N
' Ldt=19.51b
o Expected
Fiot [ e \s=8TeV
X [Jt20
T
5
1
1
3
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w
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1

o

= — - Median expected exclusion
[ observed exclusion s L
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ATLAS
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\s=8 TeV/

Data 2012
MSSM m*™* scenario

(S I I

==y
oS

90 100 110 120 130 140 150 160
m,. [GeV]
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mod—

Limit plots + interpretation in the MSSM mj, scenario
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z
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N H+w \s=8TeV
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3
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A — Zhin ATLAS (1)

UPPALA Search for a neutral CP-odd Higgs boson produced via gluon fusion, in the
UNIVERSITET mass range 220-1000 GeV. The decay A — Zh (m, = 125 GeV) is significant
for part of the 2HDM parameter space, especially below the ¢t threshold.

BSM Higgs
boson searches
in ATLAS

Arnaud Ferrari

Search for
A— Zh
in ATLAS
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A — Zhin ATLAS (1)

Search for a neutral CP-odd Higgs boson produced via gluon fusion, in the
mass range 220-1000 GeV. The decay A — Zh (m, = 125 GeV) is significant
for part of the 2HDM parameter space, especially below the ¢t threshold.
* Search strategy for A — Zh, with h — 77

@ Reconstruct only Z — ¢¢ decays (¢ = e, pu);

@ Three channels: //ThagThad, EETIepTham ffﬂepﬂep;

@ Missing Mass Calculator (MMC) to estimate m,.;

@ Reconstruct the A boson mass with:

my° = Myprr — Mg — My + Mz + My

LLWI 2015, 16 February 2015
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A — Zhin ATLAS (1)

Search for a neutral CP-odd Higgs boson produced via gluon fusion, in the
mass range 220-1000 GeV. The decay A — Zh (m, = 125 GeV) is significant
for part of the 2HDM parameter space, especially below the ¢t threshold.
* Search strategy for A — Zh, with h — 77

@ Reconstruct only Z — ¢¢ decays (¢ = e, pu);

@ Three channels: //ThagThad, EETIepThad’ ffﬂepﬂep;

@ Missing Mass Calculator (MMC) to estimate m,.;

@ Reconstruct the A boson mass with:

my° = Myprr — Mg — My + Mz + My

* Search strategy for A — Zh, with h — bb:
@ Two channels: ¢/¢bb, vvbb;
@ Scale each b-jet four-momentum by 125 GeV/mpy;
@ A— Zh — bbb = my° = myypp;
@ A — Zh — vvbb = reconstruct a transverse mass:

T i > Ami
m/r;\ac — \/(E-f?b+ E?WISS)2+(p_[|2b+p_rll_'1ISS)2.

LLWI 2015, 16 February 2015
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A —s Zhin ATLAS (2)

Backgrounds for A — Zh — (0ThadThad, £¢TiepThad:
@ ZZ*, SM Zh (with real objects) — simulation.
@ Fake maq (and/or lepton) background, mostly from
Z+jets — data-driven template method.

* Background shape from a template region = signal event selections, except
that the opposite-sign = and/or ma4-identification requirements fail.

* Region A (B) = Signal (template) region with inverted m. requirements
(i.e. less than 75 GeV or more than 175 GeV).

* Scale the template shape by the ratio Ns/Np.

LLWI 2015, 16 February 2015 15
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A —s Zhin ATLAS (2)

Backgrounds for A — Zh — (0ThadThad, £¢TiepThad:
@ ZZ*, SM Zh (with real objects) — simulation.
@ Fake maq (and/or lepton) background, mostly from
Z+jets — data-driven template method.

* Background shape from a template region = signal event selections, except
that the opposite-sign = and/or ma4-identification requirements fail.

* Region A (B) = Signal (template) region with inverted m. requirements
(i.e. less than 75 GeV or more than 175 GeV).

* Scale the template shape by the ratio Ns/Np.

Backgrounds for A — Zh — £l7iepTiep:
@ VV, VWV, ttZ (with real objects) — simulation.
@ Fake lepton background (mostly for nigpiep = €p),
from Z+jets: extrapolation from a control region in
data with non-isolated lepton(s).

LLWI 2015, 16 February 2015 15



A —s Zhin ATLAS (2)

e et Backgrounds for A — Zh — (0ThadThad, £¢TiepThad:
@ ZZ*, SM Zh (with real objects) — simulation.
BSM Higgs @ Fake maq (and/or lepton) background, mostly from

Pesonmetohes Z+jets — data-driven template method.

Arnaud Ferrari * Background shape from a template region = signal event selections, except
that the opposite-sign = and/or ma4-identification requirements fail.

* Region A (B) = Signal (template) region with inverted m. requirements
(i.e. less than 75 GeV or more than 175 GeV).

* Scale the template shape by the ratio Ns/Np.

Search for

A— Zh
in ATLAS Backgrounds for A — Zh — (lTigpTiep:

e VWV, VWV, ttZ (with real objects) — simulation.

@ Fake lepton background (mostly for nigpiep = €p),
from Z+jets: extrapolation from a control region in
data with non-isolated lepton(s).

Backgrounds for A — Zh — ¢(bb, vvbb:
All are estimated using simulation, except the multi-jet
background (from data).

LLWI 2015, 16 February 2015 15
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A — Zhin ATLAS (3)

No statistically significant excess of data with respect to
the SM predictions in the three channels with h — 7.

Expected Background  Data
LlThad Thad 28 £6 29
TiepThad 17+ 4 18
LlnepTiep (SF) 9.54+0.6 10
£lnepTiep (DF) 72+£07 7
3 CFaas 4 Data 2012 § fATAST "} Dataz012
8 pof FE=srev2an® [ 7705Mmzn ] Bi G=stev,203m®  []22" 7 3
é . [ Fake-1/l background % [ E WW, WZ, VWV, ttZ 4
O 15NN NN Uncertai @ r Fake-I background -
: 5\ = nC:e o °F ] Uncertainty B
BN B m, = 340 GeV
:QEE S A 20 T /T 4: [ L 3‘@5:\/
4. [
5 2p
[ he

mie [Gev]
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A —s Zhin ATLAS (4)

Z+
E222 Uncertainty

Uncertainty

UPPSALA
SN TR Z+jet 144[34[;1:60 222”:{1:71911
L T Hets
No statistically significant Wajets = 518
H Top 317 - 28 203 + 15
: excess of data with respect Dib 015  108+16
BSM Higgs iboson 8+ 1.
el to the SM predictions inthe g SaEle Bslt
A W L
: otal backgroun:
Arnaud Ferrari tWO Channels Wlth h - bb Data 1857 511
E ATLAS ‘ é ,?‘i“i gggzeev‘ E 10 ;IATLAS ' ; o ET
® {s=8Tev, 203" A-Zh(bb) I F \s=8Tev,203fb* QMS?.“’[’)
Search for ° 2lep., 2 + 3 jets, 2 tags E gmg‘on 3 10 [ Olep.2+3jets, 2tags 5 Dmason
A Zh s — Top t E = Mulmel
in ATLAS @ = i f =
== z+cl 107 = Z+cl
Z+l E oz

“Q“#H\]

| | |
4hs-4bs 205" 405 705" 865305 10001109 1500 200 oo 800 1000 1200
mi© [GeV] mieT [GeV]

=
\”‘ T

Data/SM

Data/SM
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Limit plots for opp_.a x BR(A — Zh) x BR(h — 77/bb)

= F T T T T T ™ = F \ T T T T T T ™
= C —e— Comb obs 95% CL limit ] = C “—e— Comb obs 95% CL fimit _|
B ATLAS comvemsmctimt | @ \ ATLAS o
7 (5=8TeV Dolmome ;: 1 \ E=8Tev cambexp o9 L imt 3
s 1F 20317 [J=zo0ma ER \ O E
g g L\ 20w ]
S [ ES \ v lbb exp 95% CLlimit 5|
N N £ — — wbb exp o cLimit |
< 0% < F ]
['4 E ['4 -
g g E
5 I 5 E
2 [ 1
107 102k 4
T T T Bt
200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000
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UNIVERSITET Limit plots for OppsA X BR(A — Zh) x BR(h — TT/bB)

= F T T T T T T Bl = \ T T T T T T T 7
EsMiggs = atlas TN & f ) ATLAS
= [ <eeees Comb mi | @
boson searches s (S=8Tev ED = 0 | Vs=8Tev
in ATLAS s 1F 203" 3 2 F o\ 2037 EH-
& E x \ +20band
Arnaud Ferrari = X 1g \ e e osecL i 3
N N — — wbb exp o cLimit |
< 0% <
['4
g g
=] =)
w07 E
ST T T T TR T TR
Search for 200 300 400 500 600 700 800 900 1000
A— Zh m, [GeV] m, [GeV]

in ATLAS

The next slides show interpretations of these limits in
CP-conversing 2HDMs, assuming:

® mpy=125GeV,
@ Map= My = My+,
e m?, = matan B/(1 +tan?B).
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T ATLAS | A-zhmesocey || T ATLAS | A-zhm, 300 Gev !
—Zh m,=300 Ge —:Zh m,=300 Ge
e 2HDM Type | = ATLAS 38 Type i
\s=8TeV \s-8TeV
E : — Obs 95% CL ([+10 band | E ; — Obs 95% CL [ +1o band |
10 20510 Exp95% CL []+20 band 10°F 20510 - Exp95%CL [J+20 band
JExcluded by At [JExcluded by At
10 4 10k o
1 4 1 E
NI SRS i S AT Licilucilonnt Lialialional
08 06 04 02 0 02 04 06 08 08 06 -04 02 0 02 04 06 08
cos(B-0) cos(B-o)
P haag wiatiastaas s oottt vt Sy e WAL A A A O A AL
~5Zh m,=300 Ge —,Zh m,=300 Ge
8 ATLAS 2o Lepton-specific 8 ATLAS 2o Filpped
=8Tev \s=8TeV
10%E 5818 —Obs 95% CL [+loband— 102} 7 — Obs 95% CL (I 1o band |
O°F %05 - Exp 95% CL []+20 band 203 - Exp95%CL []+20 band
CIExcluded by Aot [Excluded by Ate
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A —s Zhin ATLAS (6b)

a LA AR RN RN BARARARE RARN aa'-N T AR AN R BABARARE
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Arnaud Ferral
4 1 i
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Conclusion

uﬁméﬁw Two searches for BSM Higgs bosons were recently made
‘ public by ATLAS, based on the full 2012 dataset at 8 TeV:

BSM Higgs
boson searches
in ATLAS

Arnaud Ferrari

Search for
A— Zh
in ATLAS
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Conclusion

Two searches for BSM Higgs bosons were recently made
public by ATLAS, based on the full 2012 dataset at 8 TeV:

@ Search for a charged Higgs boson H* decaying into
Tv in fully hadronic final states:
e BR(t — bH') x BR(HT — 7v) < 1.3 — 0.23% for the
mass range 80-160 GeV,
o gyt x BR(HY = 7v) <760 — 4.5 fb for the mass
range 180-1000 GeV;
@ More details in http://arxiv.org/abs/1412.6663.
@ Search for a CP-odd Higgs boson A decaying into Zh
(five different final states):
@ 04 x BR(A— Zh) x BR(h— 77) < 98 — 13 fb,
oa x BR(A — Zh) x BR(h — bb) < 570 — 14 fb,
both for the mass range 220-1000 GeV;

e Submitted to arXiv today! For more details, see also:
https:/atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-06/
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Conclusion

Two searches for BSM Higgs bosons were recently made
public by ATLAS, based on the full 2012 dataset at 8 TeV:

@ Search for a charged Higgs boson H* decaying into
Tv in fully hadronic final states:
e BR(t — bH') x BR(HT — 7v) < 1.3 — 0.23% for the
mass range 80-160 GeV,
o gyt x BR(HY = 7v) <760 — 4.5 fb for the mass
range 180-1000 GeV;
@ More details in http://arxiv.org/abs/1412.6663.
@ Search for a CP-odd Higgs boson A decaying into Zh
(five different final states):
@ 04 x BR(A— Zh) x BR(h— 77) < 98 — 13 fb,
oa x BR(A — Zh) x BR(h — bb) < 570 — 14 fb,
both for the mass range 220-1000 GeV;

e Submitted to arXiv today! For more details, see also:
https:/atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-06/

More (BSM) Higgs boson searches in ATLAS can be found here:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults J
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H* — 7v — systematic uncertainties

UPPSALA Impact of systematic uncertainties on the final observed
UNIVERSITET . . . .
limit, ordered (from top to bottom) by decreasing impact
on the fitted signal strength parameter.

BSM Higgs
boson searches . P
in ATLAS AAR, aUf,

04 -02 0 0.2 0.4 -1 -0.5 0 0.5 1
T T

Arnaud Ferrari
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H* — v — more MSSM interpretation plots
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From left to right: light stau, light top squark, tauphobic
BSM Higgs MSSM scenarios. There is only a significant exclusion

boson searches

in ATLAS power for light H™.

Arnaud Ferrari
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A — Zh — Vlmagmad — event selection
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BSM Higgs @ Combination of single-lepton and di-lepton triggers;
boson searches

in ATLAS @ Exactly two opposite-sign leptons (ee or uu) and
Arnaud Ferrari exactly two opposite-sign mhag (l0ose 7-1D = 65%
efficiency):

e pr > 26 (15) GeV for a leading (sub-leading) e,

e pr > 25—236 (10) GeV for a leading (sub-leading) w,

e pr > 35 (20) GeV for a leading (sub-leading) mag.

@ 80 < my (GeV) <100 & 75 < m., (GeV) < 175;

125 GeV if mz° > 400 GeV,
® pr(¥l) > rec _
0.64 x my° — 131 GeV otherwise.
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A — Zh — llTephad — €vent selection

@ Combination of single-lepton and di-lepton triggers;
@ Exactly three leptons (eee, eeu, epp, pup) and
exactly one mag (medium 7-ID = 55% efficiency):
e pr > 26 (15) GeV for a leading (remaining) e,
e pr > 25— 136 (10) GeV for a leading (remaining) ,
@ pr > 20 GeV for Thag-
@ The same-flavour opposite-sign ¢¢ pair with the
smallest |my,—my| is assigned to Z, the remaining
lepton is mep @and must be opposite-sign W.r.t. mhaq;

@ 80 < my (GeV) <100 & 75 < m,., (GeV) < 175.

LLWI 2015, 16 February 2015
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A — Zh — llmepmiep — €Vent selection

UPPSALA

UNIVERSITET @ Combination of single-lepton and di-lepton triggers;
@ At least four leptons with:
BSM Higgs e one same-flavour opposite-sign pair satisfying
AR 80 < my, (GeV) < 100,
Arnaud Ferrari e one same-flavour (SF) or different-flavour (DF) lepton

pair with a MMC mass between 90 and 190 GeV,
e pr > 20 (15,10) GeV for the leading (second, third)
lepton.

@ Among all possible lepton quadruplets, pick the one
that minimizes the sum of mass differences w.r.t. the
Z and h bosons;

@ Cuts to reduce the ZZ* and Z+jets backgrounds:

e mi*® outside the Z peak (80-100 GeV),

o EMss > 30 GeV,

e A¢(Z,miss) > /2,

e pr > 15 GeV for the highest-pr lepton of the h boson.
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A — Zh — (/bb — event selection

@ Combination of single-lepton and di-lepton triggers;

@ Exactly two same-flavour leptons with pr > 25 GeV
for one of them, 83 < my, (GeV) < 99;

@ Exactly two b-jets with pt > 45 (20) GeV for the
leading (sub-leading) jet, 105 < my, (GeV) < 145;

o EMss/\/Hr > 3.5 GeV'/?, with Hr the scalar sum of
pr of all leptons and jets;

@ pr(¢f) > 0.44 x mz° — 106 GeV.

LLWI 2015, 16 February 2015
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A — Zh — vvbb — event selection

EmMss trigger with a threshold at 80 GeV;

E{“fss > 120 GeV (energy-based) and

pr'ss > 30 GeV (track-based);

No electron or muon with pr > 7 GeV;

Exactly two b-jets with pr > 45 (20) GeV for the
leading (sub-leading) jet, 105 < my, (GeV) < 145;
Reject events fulfilling any of the following:

o there is a jet with || > 2.5,
o there are four or more jets,
e one of the b-jets is the third highest-pr jet.

Hr > 120 (150) GeV, for events with two (three) jets;

Requirements on ARy, similar to the SM h boson
search of JHEP 01 (2015) 069;

Ap(EMiss, priss) < /2, Min[A¢(EMSS jet)] > 1.5,
Ap(EMss, bb) > 2.8.

LLWI 2015, 16 February 2015
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h/H/A — 7 in ATLAS (1)
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Search for MSSM neutral Higgs bosons produced through gluon-gluon fusion
: or in association with b-quarks (dominating at large tan g3). At the decoupling
b Eahilaas limit, A and H have similar masses and h becomes identical to the SM Higgs
oson searches . .
in ATLAS boson. The decay h/H/A — 7 is considered.

Arnaud Ferrari

h/H/A
=

h/H/A
e

Search channels for h/H/A bosons: 7e7;, (6%), TeThad
(23%), T\ Thad (23%), ThadThad (42%).
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h/H/A — 7 in ATLAS (2)

Two mass reconstruction methods:
@ Missing Mass Calculator:

e assume that EMss only comes from the neutrinos
from 7 decays,

@ scan over the angles between the neutrinos and
visible 7 decay products,

e weight each solution by probability density functions
derived from simulations,

e find the most likely value mMMC.

@ Total transverse mass:

gl =\ [me (71, m2) + B (s, EFSS) 4 m(ra, ERS),

with mr = \/2pr1pr2(1 — cos Ag).

LLWI 2015, 16 February 2015
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h/H/A — o7, in ATLAS

Events / 20 GeV

Exactly one electron (pr > 15 GeV) and one muon (pr > 10 GeV), with
opposite charges and isolation requirements;

Events with at least one loose m,,q are vetoed;

Two event categories: “tag” and “veto” based on the presence or
absence of a b-jet;

Kinematic requirements to reduce backgrounds with top quarks;

Z+jets background estimated using embedding of simulated s into data
Z/y* — pp events;

Multi-jet background estimated using an ABCD data-driven method,
based on the charge product of ex and isolation requirements.
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h/H/A = TiepThag in ATLAS

@ Exactly one electron/muon (pr > 26 GeV) and one oppositely charged

UNIVERSITET .
medium Thag;
@ Searches for my < 200 GeV:
BSM Higas @ Two categories, “tag” and “veto”, based on the presence or absence of a b-jet,
EEe seag:'?:hes @ Kinematic requirements to reduce backgrounds with top quarks in the tag category,
in ATLAS @ Kinematic requirements to reduce W+jets backgrounds in the veto category.
Arnaud Ferrari @ Searches for my > 200 GeV:

@ Kinematic requirements to reduce mostly W-+jets backgrounds,
"] Tiep and Thag Well separated in ¢ and pr.

Z+jets background — embedding;

Multi-jet background — ABCD method, based on the charge product of
TlepThad @nd lepton isolation requirements;

@ Fake moq background estimated with simulation and renormalised after
comparison in data control regions.
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h/H/A — ThadThad in ATLAS

U[:JSPESP?;?FT @ At least two loose ,,4 Objects, the two with the highest pr must have
) pr > 50 GeV, opposite charges, and be back-to-back.
@ Events with electrons and/or muons are vetoed;

BSM Higgs (] Two event categories:
boson searches single-hag trigger (STT) with at least one 54 of pr > 150 GeV,
in ATLAS 0 di-m54 trigger (DTT) with a leading Taq Of pr < 150 GeV, both medium 7-ID,

EMISS > 10 GeV, Hr > 160 GeV.

() m‘TOtall is the final discriminant, as the multi-jet background dominates:
@ STT: uses a control region where the second 7,4 fails the 7-ID requirement + the
measured probability of a jet faking 7,54 in dijet events,

@ DTT: ABCD data-driven method, based on the charge product of 7,54 Thag @and E}“iss
requirement.

Arnaud Ferrari
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h/H/A — 77 in ATLAS — limits (1)
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Upper limits on the cross section of a scalar boson
produced via gluon fusion (left) or in association with
BSM Higgs

Wiseoloaill  D-quarks (right) times the branching fraction into 7.
in ATLAS

Arnaud Ferrari
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h/H/A — 77 in ATLAS — limits (2)

UPPSALA

UNIVERSITET Interpretation in the MSSM m["® scenario:

In the mJ"™@ scenario, the radiative corrections are chosen such that mj, is

BSM Higgs maximized for a given tan 8 and Msysy. For Mgysy = 1 TeV, this results in
boson searches mp, ~ 130 GeV for large my and tan 3.
in ATLAS
Arnaud Ferrari
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h/H/A — 77 in ATLAS — limits (3)

Interpretation in the MSSM m™?* and m{™?~ scenarios:

The m,’f"‘” and mh"’°d’ scenarios are similar to the mj'® scenario, apart from
the fact that the choice of radiative corrections is such that the maximum light
CP-even Higgs boson mass is about 126 GeV (the amount of mixing in the top
squark sector is reduced compared to mj"®). This choice increases the region
of the parameter space compatible with the observed Higgs boson mass. The
mh’""d+ and m,’:"’d* scenarios only differ in the sign of a parameter.
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