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Menu of the day

Review of some standard BSM Higgs searches:

o MISSM % searches » See talk by Roger
o 2HDM-inspired signatures |
¢ Heavy H — 27
o NMSSM: h — aa
¢ Higgs couplings
re-intrepretation

More exotic menu
in the talk by Erez
and Mario this
afternoon!
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ATLAS A->Zh arXiv:1502.04478

e Signature that dominates in many models below the tt
kinematic threshold

N -

The search is optimized for a i
gluon-fusion produced T oL _
Higgs boson. - /

. -2 —
Effort to make a robust analysis, 10 E
based on simple cuts. type-1 2HDM, tanB=1, sin(B-c)=0.99

.10-3 cc o e e e b e b e b Ly
200 300 400 500 600 700 800 900

Channels included:
oA —-7Zh —-10{bb
o A =Zh — € vt — tllephad, i hadhad, £ leplep
oA —>7Zh —>vvbb

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-06/
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ATLAS A->Zh

» Some highlights from the £€1_ T,

and 001 T

arXiv:1502.04478

had “had

¢ m(££): 80 — 100 GeV, m(TT): 75— 175 GeV, p.* cut in the hadhad channel

( Fake tau background (mostly Z+jets) is dominant: data-driven estimation

Shape from control region (fail opposite-sign and tau identification) and normalized in
the m(TT) sidebands

Events / 20 GeV
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ATLAS A->Zh arXiv:1502.04478

Cross sections limits Jor a narrow-width

Higgs boson produced via gluon-fusiom
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&5 : 1§ 10'F E
6 [ ] 8 F :
107 E 102 E
- 3 et cailiasi il st sl cilas codiay. ca T =

2[]0 300 4[][] 500 GUD TDU 800 900 1000

m, [GeV]

200 BDD 400 5[30 BDD ?00 BDD 900 1000

m, [GeV]

https://atlas.web.cern.ch/Atlas/GROUPS/PHY SICS/PAPERS/HIGG-2013-06/
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ATLAS A->Zh

Interpretation in the CP-conserving 2HDM

ATLAS

4 EXPERIMENT

arXiv:1502.04478

— overlay on the plots the constraints jrom A—TT, which is

complementary in this channel

tanp
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For type-ll 2HDM at
the high tanf3 region
the acceptance of
the b-associated
production is
estimated and
included in the
Interpretation.
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ATLAS A->Zh arXiv:1502.04478

Interpretation in the CP-comserving 2HDM

m_ |||||||||||||||||||I|||I|||I|||I| m_ |||||||||||||I|||I|||||||||||I|||I|
c = . =
A—Zh cos(p-0)=0.10 A—Zh m,=500 GeV
s ATLAS oo Type Ii = ATLAS oo Type ll
| \s=8TeV — Obs 95% CL mm+lc band _ 2| Vs=8TeV -
e = X - 10 g Obs 95% CL[I +10 band
- 2031 - EXp 98 CL 20 band 2037 Exp 95% CL [ 120 band
- = width>5%m, . [JExcluded [ width>5%m;
¥ g : B
More plots for ,
your visual 10E {1 o .
pleasure! ;
llllllllll]lllj]]ll]]ll : L | |
220 240 260 280 300 320 340 360 380 0.8 -06 04 02 0 02 04 06 08
m, [GeV] cos(p-o)
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CMS A->Zh  ixiv:1504.04710

e Similar result from CMS: uses only A->Zh->llbb final state

¢ boosted decision tree with 16 variables (mostly kinematics) in 3 different mass
category regions.

) The final result is extracted with the 2D likelihood fit in the (BDT > 0.6) versus
m( £/bb ) plane.

A—Zh bbb (£=ey) L=19.7f" (8 TeV)
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Example from the high
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CMS A->Zh  ixiv:1504.04710

e Constraints

Gluon-fusion produced, narrow-width Dedicated study of the effect of larger
signal limit in the 3 BDT mass categories signal widths in the limit
A — Zh —&ebb L=19.7f" (8 TeV A — Zh — £€bb L=19.7 " (8 TeV

o I I I R R R IR IR EE3:||||||:
|§ 33 CMS: ! 95% CL limits : |§‘ ig: CMS 95% CL limits :

S 5  Expected 1 % sl - Erpected -

§ — i e

< <

@ 10 — @

B E E g

2 —
1 1
1 | Low i Intermediate | High mass regien m,= 500 GeV
-ﬂ : Izgul : I: Isulul — '3'50| L I4$ul — I4éul — Isulnl — Isslnl — Iﬁnu DI; | 11 | 1 1 L I L1 1 1 | | I | I | T - I 1 1 | I 1 1 | 11 |
0 5 10 15 20 25 30 35 40
m, [GeV] r, [GeV]

Compared to the simple cut-based analysis in ATLAS you can gain 10 — 15% in sensitivity
for masses up to 500 GeV, though for high masses (~600 GeV) the results are the same
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CMS A->Zh  ixiv:1504.04710

 Same strategy with ATLAS in the 2ZHDM interpretation

A—Zh-e¢bb L=19.71" (8 TeV) A—Zh—&ebb L=19.7f" (8 TeV)
t.“..:llllllllllllllllll' ﬂ:||||f |||||:
& [ CMS 95% CL limits & [ CMs
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----- Expected
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/ L ----- Expected / /
% SR |
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cos(p-u) cos(p-o)
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CMS A->/ZH HIG-15-001

« CMS proceeds one step further and examines Heavy
Higgs to Heavy Higgs decays

CMS Preliminary 19.8 b (8 TeV)

Cut-based analysis using: g‘““”: H s 7A ‘IW,,:_E
OA—ZH - [ { bb =% ’ g
CA->ZH- LIl TT-LLT(lep) T(lep), % g
700 > 3
[ [ T(lep) T(had), £ £ T(had) T(had) : & 8
6001 L T
- WO N
500t m-..}% =10
400F, &é"@ < -
Example of 2D observed limit plot 300f &
from the ¢ ¢ bb final state 200F
1DUE— ’
- -
ﬂE R N I W T T BT N I_-u-u- P ﬂ 1
0 200 400 600 800 1000
M, (GeV)
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CMS A->/ZH HIG-15-001

 Interpretation of the search in the CP-conserving 2HDM
with softly broken Z,

( Separate results for T T and b b final states, no combination is attempted
¢ (m, —m,_) plane for given tan, cos(B-a) or on the (tanf — cos(B-a)) plane for given

My and m, cio0o, CMS Proiminary__198b 6 TeV) iy o, 1o CMS Profmnay 108 6Te)
C EI-I)thpe-I (o) [l R
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| — ZA 0t bﬁ
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mD;_ \bbe' —§103§
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- ..9°
Examples from the 500 210 1t
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H->hh->bbbb arXiv:1506.00285

* Looking for both resonant and non-resonant hh production

In order to improve performance the analysis is split in two
categories:

> 02—m—m————7—————— .
(@] - — _
'z 4 - c | Resolved Analysis Boosted Analysis Bulk RS, k/’M,, =1.0
¢ “Resolved” analysis § [ oo — avewedes  ATiAS Smuaion
—uses 4 b-tagged jets i 0.15( L= Vs=8TeV -
i 7y . = : / N i
¢ “Boosted” analysis 3 I — N i
. . = i 7 / N \ i
— uses special techniques g o1,/ ‘ N \ -
s 7/ : \ :
to reconstruct the boosted < | N N :
bb pair at high masses 005 \\~ N
L1 A R T~~~ L]
500 1000 1500 2000
me.[GeV]
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H->hh->bbbb arXiv:1506.00285

Event examples: “resolved” and “boosted”

S \ LATLAS

'* EXPERiMENT

m(4j)= 809 GeV m(2j) = 1030 GeV
dijet pT = 394 GeV and 333 GeV jet pT =447 GeV and 441 GeV
Nikolaos Rompotis Higgs Days at Santander — September 2015 14
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H->hh->bbbb arXiv:1506.00285

e “Boosted” ana|y5is h|gh||gh’[3 Mass distribution for the full selection

12 L I L e
p ., ?5’ E ATLAS Signal Region E
. . _ o 10 s=8TeV ¢ Dat ]
o two “large jets” anti-kt R=1.0 B 10p JL\dSt A ' o .
€ s - tt —
s pT > 350 Gev/ 250 Gev L%’ 8: [ Syst+Stat Uncertainty ]
. . . . - G*(1000), k/M,,, = 1.0, x 2 -
o | An(jetljet2) | < 1.7 (vs multi-jet) o 1500, K. 10, % 15
¢ 4 b-tagged jets = =
¢ Backgrounds: multi-jet ~90%, top ~10% 2 =
300, . o o ]
8 8 5 i + 1 -
3 25 r E E 1 W kel
£ : E 8 800 — ‘8(I)0 I‘ I10I00I I .12I00. | I14IOO. | ‘1600. . I1800 2000
200} |5 m,, [GeV]
L i
150} -
100 P AN | SCRERNE Backgrounds are estimated in a data driven
g, R way using the side-bands and the number of
e 4 b-tagged jets

0 B0 100 150 200 250 300
misad [GeV]
Nikolaos Rompotis Higgs Days at Santander — September 2015 15



YA/ UNIVERSITY of WASHINGTON SO ATLAS

13 EXPERIMENT

H->hh->bbbb arXiv:1506.00285

e Sensitivity comparison: “resolved” vs “boosted” and
combined cross section limit

................................

T I T T T T T T I T T T I T T T I T T
ATLAS === QObserved Limit (95% CL)
\s=8TeV I Ldt =195 sewenn Expected Limit (95% CL)

[ Expected t16

Expected +2¢

Resolved: Expected Limit (95% CL)

oosted: Expected Limit (95% CL)
[ Expected *1o
Expected +2¢

o(pp — H — hh — bbbb) [fb]
)

102

[T T
R
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T Illlllll
] IIIIIII|

Iy=1GeV

—_
o

T T TTTI

ool rrm

Boosted/Resolved o(pp — G* — hh — bbbb) [fb]

> 3 E
15 Ratio of Expected Limits C ]
N - .
0.5E = B ‘
05060 800 1000 1200 1400 1600 1800 2000 500 800 1000 1200 1200

me-_[GeV] m,, [GeV]

e Search for anomalous non resonant hh->bbbb production
uses the resolved analysis only

ATLAS Limit o(pp = hh — bbbb) < 202 fb (c.f. SM production ~4 fb)

Nikolaos Rompotis Higgs Days at Santander — September 2015 16
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H->hh->bbbb

arXiv:1506.00285

 [nterpretation of the resonance search in the

CP-conserving 2ZHDM

o T T T T T T .
g 42| ATLAS — Obs.95%CLLimit - - Exp. 95% CL Limit

0 V5 =8 TeV [Ldt=19.5 fo! Excluded Reglon Exp. Limit +10
Type-I, my =500 GeV = ;:_ =015 Exp. Limit +20

10 -08 -06 —04 -02 00 02 04 06 08 1.0
cos(p-a)

Nikolaos Rompotis

—  Dbs, 95% CL Limit = = [Exp, 85% CL Limil
Extcluded Ragion Exp, Limil 10
BNy /my 100 large Exp. Limit £20

2| ATLAS
+B =8 TeV [Ldt=19.5 fb!
Type-l, cos(f-a)=-0.20

500 550 600 650 700 750 800 850 900 950 100010501100
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CMS H->hh->bbbb

e Similar to the ATLAS analysis

« Cut-based, no use of boosting techniques, but separate optimization for
low and high mass

e Similar control regions as in ATLAS for the
background estimation

24 EXPERIMENT

arXiv:1503.04114

Cross section limit for
resonant hh production

17.910" (8 TeV)

—+— Datain SR
—— Background

s
jos]

95% CLy limit on 6 (pp — X — HH — bbbb) (fb)

i=2]
T

—i
b
T TT

p-value =0.13

e
-
\
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¥
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i
Al .7
.
. —a
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Events / 50 GeV

-
M
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Example distribution: mH:
600 — 1200 GeV and
pT(Higgs)> 300 GeV

r Ill\l\IIII\LIrIII
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Expected limit

I Expected £ 16

Expected +2 o

—e— Observed limit
— KK-Graviton
kL = 35, no R/H mixing
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H->hh combination

. ATLAS has also a combination paper for hh production

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

) 2 new channels Ne’a/!

bbbb: Onl_ 9_' T LI LI L T ] 70 T T T T T 1 T T T 1 T T 1 T T T T T T T T T T T T
Y y S "L ATLAS ' Preliminary I
resolved anaI.YSIS, 10 85_ \/g =8 Tev, 20.3 fb-1 _E o GO}ATi:AS Prellm|nary “Thad + €T g _:

. . N e —+— Data 4 & F § Vs =8TeV,20.3fb" ]
Since the fOCUS IS % - Continuum background 7 §2) 50‘_ N\ —— Data -
GC) 6 ——— SM Higgs contribution GC) C \§ i
on masses below 3 SRR\ & Top quark E
5 E : ] Z-strefets ]
1 TeV 4?_ _f 303_ B Others -
35_ E : /) Fake t :
- ] 20 Systematics -
2F 1 - - [[JH(300) hh(10 pb)
1T<T»— | - - ; 1 O:_ _:
O: L gL 1 Lo >—— 14 - Lol | . O: ==l o o R seS ) :

10 120 130 140 150 160 200 300 400 500 600 700 800 900
m, [GeV] m,,.. [GeV]
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H->hh combination

5‘ 102 EI T | L I L I L | L | L | L | L IE
(o} : -
e Resu ItS = - ATLAS Preliminary \s = 8 TeV, 20.3 fb ]
'Fr 10 :_ ____________ —e— Observed @~ e bbtt exp _:
o L =TT e Expected ~ ---- WWyy exp =
Limit on resonant hh B[ et B + o expected —— bbyyexp
X
. = | X + 26 expected — — bbbb exp _|
L = =
production T E E
> 3 - ,
5 B i
107 E
Limit on anomalous non- : .
resonant hh production o T
300 400 500 600 700 800 900 1000
my, [GeV]
Analysis yybb yyWW* bbrt bbbb  Combined
Upper limit on the cross section [pb]
Expected 1.0 6.7 1.3 0.62 0.47
Observed 2.2 11 1.6 0.62 0.69
Upper limit on the cross section relative to the SM prediction
Expected 100 630 130 63 48
Observed 220 1150 160 63 70
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H->hh combination

 [nterpretation: hMSSM and low-tb-high

ATLAS Preliminary Vs = 8 TeV, 20.3 fo' hMSSM ATLAS Preliminary Vs = 8 TeV, 20.3 fb™' low-tb-high
[ Observed exclusion "] Expected exclusion ) e G e exmened
Constant m, (GeV) e + 10 expected m <122 GeV

o T Y TETE Y T 2 T AE YT RS

2.2 - 2.2)s ]

of = 2l E

1.8F E 1.8 =

1,65 E 1.6 =

1.4F ] 1.4 =

1257, ~ 3 1.2 ]
1o sh 540 560 580 300 520 540560 585" 400 177220 240 260 280 300 320 340 360 380 400

m, [GeV] m, [GeV]
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H->77

e Search for a Heavy Higgs decaying to ZZ and WW

10° T RRARAAAASECARARARASS RARSEARES ;
EATLAS -+ Data .
<> 140 GeV — 1 TeV [ \s=8 TeV, 20.3 fb M ggF H (200 GeV)

_H—-ZZ-llll, ggF 5 x obs. limit  _

Events / 10 GeV
=

¢ narrow width Higgs : | Maq—22

0 VBF, [VH], gluon-fusion 10 ngj:f:tt

¢ Channels used: * Winestialnty, =
— 17 — Al 1 I
— 27 — Ul v ] :

- 247 — U qq 10—1;
— 47 — VYV qq :

200 400 600 800 1000
m,, [GeV]
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-20/
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Cross section limits

e Assuming single production mechanism

IIIJIII|IIII|IIII|Ir!1'||1'II|IIII|IIII|I:III II|IIIII!IIIIIIIIIIIII|IIII|IIII|IIII|IIII
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fEEESERERSE T llvv expected 3 = ) «eoe vy expected
A 5 Combined expected = --+«=« Combined expected
0 —s— Combined observed —s— Combined observed
eSS B +1o
X \:—._. [ ]+2c [ ]+2c ™

g

11 lIlIlJl

g
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=

-, T —
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-
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Q
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102 99F
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_III-IIII|IIII|IIII|I|II|IIII|IIII|IIII|I-III
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Search interpretation

Interpretation in 2HDM and various

MSSM scenarios

tan B

S EXPERIMENT

e
- ATLAS

T | T
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NMSSM-inspired H->aa

* Various NMSSM inspired results mostly for H->aa

* Example: arxiv:1505.01609 —
3 [[sre amas ' - om _ H-oaa
S 15:, s=8TeV,20.3f"  —— Background Model | ‘
N Fit Uncertainty .
11 0 e ZIy* Component | ]‘1]‘1
§ ] | tt Component _
w 104 ZIy* —]
- K i .
3 B o | Searching fora
B — BR(h—aa)=10% _| .
T | bumpinthe |
- _ J i
- s uu spectrum (il
3 ot ¢t ;
S1o0f + bl } i
o 4 5 6 7 8910 20 30 40 5060
° m,, [GeV]
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NMSSM-inspired

H->aa

Look for m_in the mass range: 3.7 — 50 GeV and for a

heavy Higgs decaying to aa in the range 100 — 500 GeV

o 2
E‘IO; § §102éllllllllll IIIIIIII |IIII|IIII|IIII|IIIIE
S - m,=m, =125 GeV 3 = = m, =5 GeV .
g’ N ATLAS ’ Observed 95% CL i s - ATLAS —— Observed 95% CL 7
@ ls=8TeV,203f0" ... Median Expected 95% CL 1 B, 15=8TeV, 203" ... Median Expected 95% CL |
% 10F il E T o
© - i 2 c . e 1 0 —_ ‘.’ozo,, i 2 [e) —
T - ’o’o,o,ﬂ —
< [ £ SEE% SM gg— H 3
T ST ]
m 1k T ]
X = 3 =5
= C ] o .
1z T . -
3 bm - B —~ 1 =
k=2 M _ T =
61 10 3 T -
. (o2 -
. 2 B _
— b B

1 0—2 L |

4 5 6 7 8 910 20 30 40
m, [GeV]

Al
10 100 150 200 250 300 350 400 450 500
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CMS NMSSM searches

HH arXiv:1506.00424

e Some recent searches H>aa

Lo pp

20.7 b (8 TeV)
3III|IIII|IIII|IIII|IIIII|IIII|IIII|I

NMSSM 95% CL upper limits: | ]
- Mg = 3.55 GeV
-e— my=2GeV

20.7 b (8 TeV)

10"

g I i
3 % = 251 —- m,'=0.25GeV i E
O AN - Reference model: : CMmS .
Q ’TF ol — olpp—~h—a,a,) = 0.008x0,, 7
= 2.5 022 < - Bla»24) = 7.7% | i
[aY] B | }
Q Q & [y : ]
O, 2f ® = 1.5y 1 -
- O © - L O! i
% B 0-3 Lo N B A ﬁl 7
Al | 8 T : =~ ‘_: !
1.5 )
& S P 1__ -------- | -
£ 2 T ot ]
Y c a C . i
104 Q o} . TR -
4 = 2 05[ h=hy: i =hy |
0.5 % E mhl-c: mh2= 125 GeV 5125 GeV = mh's mhzz
- L1 1 I L1 1 1 | 1 L1 1 | L1 L1 | 1 L1 | L1 1 1 I L1 1.1 I 1
65 1 15 2 25 3 35 0""90 100 110 120 130 140 150
M [GeV] mass of h. [GeV]
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NMSSM-inspired H->aa

* Looking for events with 3 photons: sensitive to
H->aa->4y and to more exotic signhatures like Z->3y

() Search is based on a trigger with 3 ys with some shower shape
requirements
) Event candidates have isolated 3 ys with p, >22, >22, >17 GeV

¢ Data-driven estimation of the events with jet(s) faking Y(s) based on

the isolation shape
https:/latlas.web.cern.ch/Atlas/I GROUPS/PHYSICS/PAPERS/EXOT-2013-24/
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3 photon search

L EXPERIMENT

 |nclusive search in the 80 — 100 GeV m(3y) region gives a
constraint BR(Z->3y) < 2.2 x 10 (c.f. LEP result< 10°)

 Resonance search in the m(2y) and m(3y) distributions from a
fit to the sideband region

The 3 Y search
starts from 100
GeV;

The background
shoum in gray 1s

just for allustration

Nikolaos Rompotis
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3 photon search

The 2y search starts jrom 10 GeV and examines all the photon pairs

(photonss are p,. ordered)

The background shown in gray is just for illustration.

EEED_}_ T T '| T T T T I T T T T | T T T T I T T T T I T T T _l_
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3 photon search

 Limits for the production of the 125-GeV Higgs and for a
heavy BSM Higgs decaying to 4y

N T T T T | T T T T | T T T T I T T T T I T T T T I p— 1 T 1T 1T —

?— . . _Q = | | | TTT | TTT | TTT | TTT | TTT | TTT | TTT I TTT I TTT |:

T 10 — Observed upper I.im.it ATLAS Preliminary — & = — Observed upper limit ATLAS Preliminary ]

®© = - Expected upper limit  h — aa — 4y . ‘3;_ | ---- Expected upper limit H—, aa — 4y ]

oc B t1o . > L I+ i
& [ sz m, = 125 GeV i i Clioe m,, = 600 GeV

X S 401l - -

=) - ‘ . - =107E 3

% \'s =8 TeV, 20.3 fb™' E - \s =8 TeV, 20.3 fb" 3

2 - _| X C ]

< 10 = 95% C.L. upper limits E ’g‘ i 95% C.L. upper limits 1

% - m,, resonance search with T i m,, resonance search with |

X = m_-dependent width - L 102 m,-dependent width —

blbcn L i E E

X :

10°E = © -

10°
107 E - -
- | | | 1 | 1 | | | | 1 | 1 | | | | | | l 1 1 | | I : 10'4 1 | | | | | 11 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 |
10 20 30 40 50 60 20 40 60 80 100120 140160 180 200 220 240
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h,->bb In cascades

CMS-PAS-HIG-14-030

A light higgs boson produced in a SUSY-
Inspired cascade: hard jets, MET and b-
jets from Higgs decay

CMS Preliminary 19.7 b (8 TeV)

Lo L T 1T I L I T 1T | T 1T | T 1T I 1T 1T | T 1T ]

'g_ 0.16 NMSSM P4 (theory) —

E 0 142 —e— observed upper 95% CL limit ]

m [ expected upper 95% CL limit h1—> bb -

X 0.12[ [ expected upper 95% CL limit (1c) -

e 19.7 10" (8 TeV) © B expected upper 95% CL limit (20) ]
E 30~ C|\;|S | —-—‘Observed‘ | = 0.1 L 4
o T Preliminary [t +jets ] B ]
% 25 Il QCD multijet prediction ~ —| 0.08 -
€ - W > by +jets ] B .
> r 12 > vv+jets ] L ]
" 20: B syst. + stat. uncertainty 006 ..................... ]
153_ — h, (m = 65 GeV, NMSSM P4) ]

RN - 22 <5 T SUSY (non-h, NMSSM P4) 1 0.04 —
0.02p e TEERE ]

1 111 I 1111 | L1101 | 1111 | 1111 | 111 I..l..l..ll.l-.l-E

(Data-Pred)
Pred

Nikolaos Rompotis

0 40 50 60 70 80 90 100
m, (GeV)

Shown prediction from an NMSSM benchmark taken

from arXiv:0801.4321
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Higgs couplings re-interpretation

 ATLAS has finalized the Run-I Higgs coupling re-
Interpretation in arXiv:1509.00672, which was presented
also in Higgs Days 2014 as ATLAS-CONF-2014-010

Example: CP-conserving 2HDM coupling measurement interpretation

2HDM Type | ATLAS 2HDM Type I ATLAS . 2HDM Lepton-specific ATLAS 2HDM Flipped ATLAS

" —— Obs. 95% CL Obs. 95% CL
i {5=7TeV, 4.54.7 fb" e oL {s=7TeV, 4547 b" - ’ Is=7TeV, 4.5-4.7 fb" Vs=7TeV, 4.5-4.7 fb”

X Best fit P — X Bestfi {(§=8TeV, 203 1" 5 EagR {s=8TeV, 20.3 10" X Bestfit {s=8TeV, 20.3 fb"

- === Exp. 95% CL = === Exp.95% CL | ==--- Exp.95%CL - = == Exp. 95% CL

- = SM
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s
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£
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. &
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%% %%
%0 %%
e
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5 -- -h
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X KK
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A/H->tautau impact on pMSSM NEW!

arXiv:1508.06608
ATLAS pMSSM: 7; LSP
B o« 80— ————T Tl o
S § | \s=8TeV,203fb" 3
8% . —— m"™* [1409.6064] 0.8 %
o 60 =
8 | 2
.Sg " ,S§
IS 40+ -
e ' 45
Q —
5 - &
0.2' <0 0.2
500 1000 O ""200 200 600 800 1000 °
0 200 400 600 800 1000
M, [GeV] m(A) [GeV]

https://atlas.web.cern.ch/Atlas/GROUPS/PHY SICS/PAPERS/SUSY-2014-08/
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4 EXPERIMENT

Final Remarks

* In LHC Run-1 we went a very long way

e Lots of channels improved a lot the sensitivity
e Let's see what Run-Il has now in stock for us

DJ, L=5.2-7.3 fb"

100
90t ® 3 V0 Ge
80 D)% ombinatio o
70¢ D bbb 00 A
= 60
= =0
40
----- D& expected
30 _ - D& eleusion
20 {‘ """ [ LEP exclusion
3 = CMS obs. 36 pb™ [9]
10 *‘Mf o e ATLAS obs. 36 pb' [10]
0ELla——s e ey "
100 150 200 250 300
M, [GeV]
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------- Exp.

s T ] T
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5 : i
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Additional slides
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Higgs couplings re-interpretation

l‘ffl'll'l] T T T T rT1rIn] T T T T 1117
. M 1

ATLAS

—_—

39
L
=]

Combination of the Higgs to invisible oy =
channels in ATLAS: T Temee 1 s
0% -
Direct searches: VBF and Z(—££)h ool A el 4547
\15=8TeV, 203

WIMP-nucleon cross section [cm?]

Channels 107 r:iizm ::Lgis?:“;:f::,cg?:?ls i

Obs. E?{p. 105k No k,,; assumption: BR_ <0.22a190% CL |

s —— ) DAMA/LIBRA (99.7% CL)  ATLAS 90% CLin |

VBER [ 028 03I s Ememeene)  Hind:

Z(— £Oh 075 062 . — CheesT e 2y “ie Majorana WIMP —

V(= jj)h 078  0.86 107 o Sehonoo o ety e

Combined Results | 0.25 0.27 10°% T N - s i i i
1 10 10? 10°

WIMP mass [GeV]
Indirect constraints: channels included for the couplings:

h = vy, ZZ-4[, WW-[vlv, Zy, TT, UM, bb K2 = Tp/Thsm = ZK?BRJ-/U — BRiyy)
J

Decay channels Coupling parameterisation k; assumption | Upper limit on BR;,,
Obs. Exp.
Invisible decays [Kw. Kz, Ki. Kby Kro Ky Kg Ky, KZy, BRiny] Kwzg = 1 0.25 0.27
Visible decays [Kw s Kz, Kis Kps Kos Kus Kg Kys Kzy, BRipy] kwz < 1 0.49 0.48
Inv. & vis. decays | [kw, Kz, K¢y Kps Kz Kys Ky Kys Kzys BRiny] None 0.23 0.24
Inv. & vis. decays [Kw. Kz, Kis Kips Kro Ky Kg Kys Kzys BRipy ] kwz <1 0.23 0.23

Nikolaos Rompotis Higgs Days at Santander — September 2015 37



CATLAS

YA UNIVERSITY of WASHINGTON 5 EXPERIMENT

MSSM 1T search _.
rﬂffﬂéf/f

* The most standard BSM Higgs search smmn}umﬂﬁ

The standard MSSM mixture:

gluon-fusion + b-associated production

“b-associated” production
dominates at high-tanf3

1 tanp=30 FeynHiggs+HDECAY
h/H/A g i AR R R R i+
—_——p— - - o C
m -
10— = ¢
i —BREA—)b:)] ]
g i Zertom |
102kE BREA-»uJ) i
107k ﬁ 3
Branching ratio at moderate and high tanp is 5 i 5
i M}, mog SCENArio 7|
[ |y

dominated by h/H/A S TT (~10%) and bb (NQ()%) 10700 200 300 400 500 800 700 800 5001000

M, [GeV]
https://atlas.web.cern.ch/Atlas/lGROUPS/PHY SICS/PAPERS/HIGG-2013-31/
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MSSM 11 search

(b) m, max, u = +200 GeV ] A brief history of the comstraints
DY MSSM combination :
Ty Ty + TuTpb + bbb

DJ, L=5.2-7.3 fb™

60 ITTT FTTT FTTT TTTT 7T T T ITTT ITTT I

%g_ %%- % | \ \ | | \ |
o S [ ATLAS {s=8TeV, j L dt=19.5-20.3 fo™

“ - —

----- DO expected 50  MSSM mﬂ“" scenario |

3 - D@ exclusion r 7

“C [ LEP exclusion i Mgysy = 1 TeV ]

: — CMS obs. 36 pb'{ [9] 40 hH/A— Tt —

P S L L ATLAS obs. 36 pb™' [10] B ]
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60T e - i
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= 50__ MSSM combination, 95% CL limit : --------- Exp 959/0 CL ||m|t :
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mre, u>0 ! 20 i

[ | | [ ‘ [ ‘ L1l | [ | [ ‘ L1l | L1l | [
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20
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W+ 10 ]
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MSSM 11 search

e Elements of the ATLAS 8 TeV search

¢ Low and high mass categories SRR T

= BN RERAN
~ ATLAS \s=8

| REARE P AR EE L
TeV, det=20.3m"

o
L, t . O] E ]
<> oW mnass ca eQOT,Q. o Sog_h‘FHfA_ﬂlepthad —e— Data 2012 =
i high mass category =~ —— M.=350, tanp=30 .
Q T(lep)T(had) and T(lep)T(lep) & ot __zw
: o 6 !t & single t
]C 'LTLQ,L Sta’tes g"} » -] W+izt!;g&edi?;50n ]
. . W 2001 B Multjiet
¢ in each final state b-tag and : WA\ Bkg. uncertainty
150 =
b-veto channels g
{ High mass category: 100~ -
¢ T(lep)T(had) and 50/ 2
T(had)T(had) final states, oF :
, , , 0 100 200 300 400 500 600 700 800 900 1000
imclusively, i.e. no m¥MC [GeV]

b-tag/b-veto categorization
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MSSM 11 search

e Elements of the ATLAS 8 TeV search

0 Low and high mass categories  §¥ETTTIIIII T

0 Low mass category: ?UE_MSSM m™ scenario, M, = 1 TeV, /A

¢ T(lep)T(had) and T(lep)T(lep) 60; Lt ‘_

final states S0 — gl 3

O in each final state b-tag and 402‘ffrhad’f"“ e r

b-veto channels 30~ Tier -

{ High mass category: 2{};— =

¢ T(lep)T(had) and 10} -
T(had)T(had) final states, 100200 300400 500 800 700 800 900 1000

: : : my [GeV
inclusively, i.e. no A [GeV]

b-tag/b-veto categorization
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MSSM 11 search

Interpretation:

() standard cross section limits for a singly produced Higgs boson
via either ggH or bbH

{ on the mA — tanf plane of the various MSSM scenarios

31 033 TTT1T | TTTT | TTTT | TTTT I TTTT I TTTT | TTTT | TTTT I TTT |_§ %80:| T T T T | T T T T | T ] T T : T T T T | T T T T : %?Gl TTTT | TTTT | TTTT | TTTT I TTTT I TTTT | TTTT | TTTT I T |_.

S | ATLAS (5=8TeV, I Ldt=195-203f" 7 & 20f ATLAS (E=8TeV. [Ldt=195-2031" 1 § | ATLAS (s-8TeV,|[Ldt=195-2031"

€ 10° F gluon fusion g4w - MSSM "light stop” scenario, M, _ =05Tev 1| ©0TMsSM "tauphobic’ scenario, M, = 15TeV

13 ] 60" : . - h/H/A— 11 ]

< —e+— Obs 95% CL limit C —+— Obs 95% CL limit h/H/A— 1T i . 50 _

E" 10 E wens Exp 95% CL limit E = -+ Exp 95% CL limit ) ] B E—'—Dhs 95% CLlimit =122 Gev E 1

o i 1o ] S0 | 'mmio 3 E [ - Exp 5% CL limit R 1

X I 20 ] - 2q T 1 40__ ‘s 3 =

1 E = C H = g: 5 - 1 -

© ; g 40__ ?' 1 ] | H 2:_: 1

- 1 : 7 1 303 &l

: 20| ¥ 201 E

10'25 C = C ]

i 10§ _ 3 10 3
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