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INTRODUCTION
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ATLAS-CONF-2015-007

ATLAS Preliminary| —o(obs) Total uncertainty
m,, = 125.36 GeV —olexpy  Tloonp
The story so far LRSIy I
e 2012 discovery by ATLAS & CMS of a e R S
new resonance, with properties . oggon Cd
. . . d i |
compatible with that of SM Higgs WO T : L
. . = 10023 L
@ No surprises so far for CP properties PR -
and couplings; uncertainties on b, = 10028 =
o x BR ~20-30% Hom o, = 140%5 : i
o u,,=1003% L
Hom y =073] -
by = 1055
Run-2 RSE . sari
® /s:8TeV — 13 TeV Il
1. Combined 1 = 11871 : .
@ O(10) fb™ " in 2015 | 20022 N
| |
E=7TeV, 4547 " -1 O 1 2 3
E=8Tev,203M% Signal strength (i)
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BSM SEARCHES: WHAT TO LOOK FOR?

nrpr-»

Constraints from SM Higgs

BSM interpretation of coupling measurements Model_independent
searches (SM-like)

= ¥
— WW — evpuv

Specific models: Unsﬁorg\é?grtg%nal
2HDM, MSSM , ...) o e
5 g =oo Higgs — invisibles
+ Long lived particles

Scalar (H) Pseudoscalar (A) Charged (HT) Lepton flavor violation
h/H — 74— A e HT - cs
H — ww, 2z A= Zh — eebb  HET - +t,
H — hh — bby~y A — Zh — £err  H — HE(#x) — h(+x)
H — hh — bbbb H™ — tb
H — bb HE & wtz
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Constraints from SM Higgs

BSM interpretation of coupling measurements

Model-independent
searches (SM-like)

= ¥
— WW — evpuv

Specific models: Unsﬁcéﬂ\é?grtg%nal
SO (, ) Higgs — invisibles
Long lived particles

Scalar (H) Pseudoscalar (A) Charged (Hi) Lepton flavor violation
h/H — 7= A= rtr— HE - cs

H — ww, 2z A= Zh — eebb | HE - +tu

H — hh — bbyy \ A — Zh — terr | H — HE(@#x) — hix)

H — hh — bbbb HE — tb

H — bb HE & wtz
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2 Hicgs DouBLETs MoDELs (2HDMs)

@ 2 Higgs doublets, 5 particles: h and H CP-even, A CP-odd, H*
» Only one among the possible models, but an important benchmark for interpreting
experimental results
@ 7 free parameters (with minimum assumptions: no CP-violation in Higgs sector, no
FCNC
4 masses
1 soft symmetry breaking parameter
tan 3 = v» /vy, ratio of the vacuum expectation values of the doublets
«, mixing angle between h and H. Often cos(3 — «) is used as parameter, which
controls couplings (in particular BR(H — VV), BR(A — Zh) x cos(8 — «), for
COS(ﬁ — Oé) =0 then hZHDM — hSM)

nrpr-»

vvyyvyy

@ Classified depending on the structure

of the couplings in 4 types | Tyeel | Typell | Lepton-Specific |  Flipped
- i e i k sin(5 - o) sin(5 - a) sin(f - o) sin(8 — a)
> -rlgllgli I (lzzrﬁ{tTIOphOblc in the zero k‘: cos(a)/sin(B) | cos(a)/sin(8) | cos(a)/sin(8) | cos(a)/sin(3)
9 . kq | cos(c)/sin(B) | -sin(e)/cos(B) | cos(a)/sin(B) | -sin(e)/ cos(s)
> Type-ll (MSSM-like) ke | cos(a)/sin(8) | -sin(e)/cos(3) | -sin(a)/cos(8) | cos(a)/sin()

» Lepton-specific
» Flipped

@ Attree level the SUSY Higgs sector is as in Type-II

@ Model independent parametrization of the Higgs sector for MSSM: hMSSM, see Djouadi et
al. 1502.05653
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INDIRECT CONSTRAINTS ON 2HDMs
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. 2HDM Type II ATLAS Prelimi 2HDM Flipg S imil
2HDM Type | ATLAS Prelimlnary — oyn: 95% CL m:”::r::a;y —_ Ob::%m ATL::”P:I,:::?
X Beatit \s=8TeV, 2031 X Bestmt 15=8TeV, 203"
— Obs. ?5/" ct \s=7TeV, 4547 " Tt
X Bestft \s=8TeV, 20.3 fb" 2 10Ex XX3 2 108
- === Exp. 95% CL B >
— M RN QRS
. 10 PTT T T T[T T T[T T T[T T T TE ”" ""’
T KRKKS 9K
g : KRR 50
E |
A LRSS aies
: | B sy &
| 02 <> 0’0 02
§ &
2 I 10 ‘—‘ -0.8-06-04-0.2 U 02 040608 1 10"—|<0.8<0.8704<B.2 0 0.2 0.4 06 0.8 I
B cos(p-ot) cos(f-ar)
1 le - 2HDM Lepton-specifc ATLAS Preliminary
7—Dbs 95% OL 1s=7TeV,454.7 "
| L e esTeman SHDM param-
04 | A = 10pmy ‘ eter space is
03 | 4 . significantly
) constrained b
0.2 I hSM ’ Y
| 1 couplings
10 08-06-04-02 0 02 0406 08 1 i o% measurements
cos(B-o) 03
Plots from HIGG-2015-03 02

10-1k

-1-08-06-04-02 0 02 040608 1 —_—
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<A
%E 2HDMs PHENOMENOLOGY
S

A. Djouadi et al.: 1502.05653

hMSSM

LHC 7,8 TeV.
25fb "

0.1

tanp

COAH-1m
mH >ty
EH->WwW 0.01
Y4

CJA—zh
@ H—-hh
- AH- 1

! - 0.001 L
300 400 500 600 700 1000 90 130 200 300 400 500
M, (GeV) My [GeV]

@ For low tan 8 and my < 2my,p, most sensitive channels:
» H—-hhH—-Z2Z,H— WW,H — 77
» A—Zh
@ For high tan 8 both are completely dominated by bb (search with associated
production) and 77
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SEARCH FOR h/H/A — 77

@ Model-independent search for scalar resonances

@ Key search for high-tan 3 MSSM
- @ Search channels:

> 71 — Ll(+neutrinos), low mass
» 77 — { + hadrons(+neutrinos), low/high mass
» 77 — hadrons(+neutrinos), high mass

(Neutrinos in the final state, thus complete kinematics reconstruction is not possible j

Missing Mass Calculator 3 [amasis-sTev.jLai-203m"
[ hHA-T T, 1
L. o 250 epTiep —e— Data2012 3
Missing Mass Calculator used for & T tag category Mi-150, tanp-20
. %) r ¢ ]
the reconstruction (MMC, NIM A 654 2 200 @ -]
2011) 481-489): @ f ! T Brg.uncertainty 1
; W\ ]
@ ET’* and 4-momenta of all [ h E

.. . r MMC mass in the £4 channel,

visible objects are used 100, : b — tagged category
@ m.,, most probable value is E $ ]
calculated with a likelihood F E

200 250 300 350
JHEP11 (2014) 056 miMC [GeV]

b

>
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SEARCH FOR h/H/A — 77

A
T
L
A
S

, @ b — vetoed and b — tagged categories in search region
/ my/a < 200 GeV

@ Improved sensitivity for gg and b-associated
production modes

> T T T T T T T > T T T T T T > T T T T T T T
830000_ATLAS‘ \s=8TeV, JL dt=20.3 b’ 8 7007ATLAS,\S= 8TeV, IL dt=203f" 8 10°=ATLAS,\s =8 TeV, IL dt=19.51b" |
P AT T e Daz0i2 = WA, T e Dawz012 ° WHIAST o g —+ Data2012 E
- m,=150, tanp=20 1t m,=150, tanp=20 - i m, =350, tanp=30
\zsoookveto category W E = 600 F tag category vy B Z Thadhao trigger category s
L2 e Zoeelup 2 . Z-seelun 2 [ Multijet
S Mo .t & single top S \ . & single top S 10° o Wotvsjets
> 200001 =] Wijets & diboson ] > 5001~ 1 1 Wajets & diboson ] b4 . 1t & single top
w = Multijet w &\( E Multijet w ]
$ AW\ BKg. uncertainty 400 \\\\\' Bkg. uncertainty | AW\ Bkg. uncertainty
15000 -1
3 3001 3
10000 -1
3 2001~ R -
5000 ] . 100 E
0 0 50 100 150 200 250 300 350 9 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 400
miiVe [GeV] miMC [GeV] mee [GeV]

Dedicated kinematic requirements in different subregions

' A Trasverse mass in 7,7, final state
for different background rejection:

show better QCD multi-jet back-

» Irreducible Z — 7+~ background modeled from ground rejection:
Z = p*p~ data sample; others from MC. V/mB (74, 7g) + mB(y, ETSS) 4 m2 (rp, ETISS)
QEJHEPH (2014) 056
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@i SEARCH FOR h/H/A — 77

80ill\\‘\HI|\H\‘\II\‘\H\|I\H‘\HI‘\H\‘\IH
F ATLAS Vs=8 TeV,J-Ldt=19.5-20.3 fo!
- MSSM m™* scenario, M = 1 TeV, h/H/A— 1t

@ High tan g 2HDMs
significanlty constrained for
my <1 TeV

@ High tan g8, ma ~1 TeV
region is a target for very
early Run-2 measurements

@ Low tan 3, my ~300 GeV

region need to be explored
by other searches

F 95% CL limit

TlepThad

had
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@i SEARCH FOR h/H/A — 77

o ‘II!\‘\\1I|f\\\‘WIII‘\\\1|If\\‘\\1l[\\\\‘1ll\
5102 ATLAS s=8 TeV, [ L dt=19.5-20.3 fi” N
7 IMSSM m** scenario, My, = 1 TeV, WH/A—

L i m, = 126.2 Ge

@ High tan g 2HDMs
significanlty constrained for
my <1 TeV

@ Hightan g, my =1 TeV
region is a target for very

! e early Run-2 measurements
3“ ‘ - marsee | @ Low tan 3, ms ~300 GeV
ol ot oo | region need to be explored

95% CL excluded region by Other Seal’CheS

‘IA\\‘\\\Il\\\\‘\II\‘\\\\ll\\\‘:‘\\\l‘\\\\‘\l\\
1100 200 300 400 500 600 700 800 900 1000

m, [GeV]

A
T
{
i
s
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SEARCH FOR A — Zh

@ TyTy, TeThads ThadThad f€CONstructed

@ 77 decay reconstructed with MMC, improving
M7 —pe

@ Constraints to my, and m.:

mquec =Myprr — Mpe — Mer + Mz + My

[}

¥ Uncertainty

N Uncertainty

A—Zh— Urt @ o(my)/mu ~3-5%
Background modeled from simulation Fake 7/¢ background modeled from
for Tp7p. data CRs.
2 10 4l T T T T T T > 25 T T T T T T
& T ATLAS + Data2012 8§ | amas 4 Data2012
o r 4 (") F 1 -
g of \s=8TeV,20.3 b —zz _ § 20f- s=8TeV,2031b . 22/ SM zh
s L I WW, WZ, VWV, 12 € [ [ Fake-#/I background
& E [ Fake-l background & N

250 300 350 400 450

%!
{
SPLB 744 (2015) 163-183

B m, = 340 GeV

A-Zhsli 1,

B m, = 340 GeV

A Zh > I, T/ I,

lopThad
lep "lep

sl b b bl
sl boa b a bunay

500 550 600 250 300 350 400 450 500 550 600
mee [GeV] e [GeV]
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SEARCH FOR A — Zh
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h ’éi @ (l: 2 b—jets selected, >2 vetoed, my, constrained
.......... - to my, and € [105,145] GeV range.
A &\Z’\K; v a(mA)/mA ~ 2-3%
SN
_ @ vv: discriminant variable
A — Zh — (¢¢/vv)bb mige = \/Et_Fb+E9_niss)2+(ﬁ'l7>_b+E¢iss)2

(Multijet background from data anti-isolated samples, all others from MC simulations. j

> T T T T T T T T > T T T T T
—e— Data 2012 [} @ —e— Data 2012

8 ek ATLAS = m, = 500 GeV & 10°E ATLAS = m, = 500 Ge)

® \s=8TeV,20.3fb" A—Zh(bb) Q \s=8TeV,203 1" gﬁvﬂ\‘(bb)

P 2lep, 2+ 3 jets, 2 tags m—SMZh 3 10 0lep., 2+ 3 jets, 2 tags — Diboson

= - 2 o

g op H Multijet

z = Multijet 2 = Wajels
. Z+hf w Z+hf

 Z+el
Z+l
Uncertainty

= =
2] 2]
K] p 3 7777
© ‘ ©
a T T I T | Z a | | 4
9¢ 300 400 500 600 700 800 900 100011 800 1000 1200
L e rec,T
SPLB 744 (2015) 163-183 mie [GeV] mi*" [GeV]
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@ SEARCH FOR A — Zh
From a fit to the reconstructed my distributions in the different channels, upper limit on
the production cross section.
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= :|"\."..‘|..‘.|.H.|,...|....|..‘.l....|.:
ol - ‘ i ]
= 1k ) ATLAS 1s=8TeV 203fb" |
# E \ R Iibb exp —e— Comb obs 95% CL limit ]
< B \ —_= \rNbTb exgxp ----- Comb exp 95% CL limit |
% 10 E_ r:;?r::exp [ + 1o bana _E
>b< C - TIeprlep exp \:l + 26 band ]
e E
107
2 —
10 S I I N N I N I B

200 300 400 500 600 700 800 900 1000
m, [GeV]

A
2
N
QQPLB 744 (2015) 163-183
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A — Zh SEARCH RESULT
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The result is interpreted in the parameter

and compared with complementary searches
space of 2HDM benchmarks

“a R RRREEs R A BAANRERRE R
S r A—Zh =0.10 1 :
8 ATLAS an %’:LBI‘F) s g:ps.,hcoupllngs Tk, K,k \:I 2::4, H-> 22 41, 1l qa/bb/vy
| \s=8TeV — Obs 95% CL toband | | - )
1% 208 = Exp 95% CL 20 band 1 [ Obs., AH-te Obs., H— WW— Iv q/iv
F 3 Excluded =byA-w 4 T E - Exp.
F SR width>5%m, 1 X [ Obs., H'—
] [ ] obs,AszZhslivwbb Exp"
[ J e Exp.
@ UL T T T T|
L i c
S 40f g
30+
10F E 201 4
L ] L = 'ATLAS Preliminary E
I | 5 \s=7TeV, 45-4.7 6"
i i 4k \s=8 TeV, 19.5-20.3 fb "'
3 hMSSM, 95% CL limits |
15 - 5 i
sl bl L]
220 240 260 280 300 320 340 360 380 500 750 500
m, [GeV]
m, [GeV]
[ Sensitive up to tan 3 ~5-7, complementary to A — 77 )

e

4
{
92 PLB 744 (2015) 163-183 gémxiv 1507.05930
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COMPARISON WITH OTHER RESULTS
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A — Zhand A — 71, ma= 300 GeV

iy =Y
" ATLA A—Zh m,=300 GeV

Y S Sowm Type ll c

102 ‘230=38fg?v — Obs 95% CL [ +1c band =

----- Exp 95% CL []+2c band
[JExcluded by A1t

—_
T

|

v b b bl v Bwwn B |

-0.8 -06 -04 02 0 02 04 06 08

cos(B-a)

e

QQPLB 744 (2015) 163-183

H — ZZ, my= 200 GeV

- ATLAS H-ZZ, m =200 GeV

L 2HDM Type Il i
; ~—— Obs 95% CL limit [ +1c band

Fols=8TeV .. Exp 95% CL limit [ ]+2c band 1
203 for /] Excluded

2
N
anrxiv'1507 05930
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COMPARISON WITH OTHER RESULTS

A —Zhand A — 77, my= 300 GeV

m_ T I TTT | TTT I TTT I TTT ‘ TTT I TTT | TTT | TTT | T
2 [ ]
A—Zh m,=300 GeV
8 {‘ TLAS S Type Il
102k ‘230=38fg$V — Obs 95% CL [E+1c band —|
r ) -----Exp 95% CL []+2c band -
o [JExcluded by A1t A
10 n
g ! &
. \ N 1
3 E
DD s PN | BT 2P BaPad
08 06 04 -02 0 02 04 06 08

A
2
{
QQPLB 744 (2015) 163-183

cos(B-a)

@ Here shown a “quick-and-dirty” overlay
of the exclusion plot in the tan 5 vs
cos (8 — «) space of A — Zh and
A — 77 searches, assuming
myz =300 GeV, and the one obatined
by indirect constraints produced
measuring h couplings, for 2HDM
Type Il models

2HDMs with ms ~ 300 GeV are signifi-
cantly constrained
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CONCLUSIONS
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@ ATLAS is carrying out BSM Higgs searches to explore all possible models,
pseudoscalar A searches presented here:

» A>T -~ -~
> A — ZhllrT, £bb, vvbb

@ No BSM physics discovery, but Run Il just started:
» looking forward for upcoming datal!

@ 8 TeV — 13 TeV: high priority to model independent resonance searches for early
Run-2

@ Early BSM searches similar to Run |, will be interesting already with very few fo~"

7 harks !
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