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No hew kvsws below 1 TeV?
Hold your horses!

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: August 2016 \Vs=7,8,13 TeV
Model &MY Jets ET™ [Ldnm) Mass limit V5=7,8TeV | ys=13TeV Reference

MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 203 | 4.2 3 1.85TeV m(@=-m(3) 1507.05525
@, G—q%) 0 26jets  Yes 133 ¥ m(E})<200 GeV, m(1* gen. g)=m(2" gen. ) ATLAS-CONF-2016-078

A ) (compressed) mono-jet  1-3jets  Yes 32 ) m(g)-m(")<5 GeV 1604.07773

'8 88, 893Xy " 0 2-6 !ets Yes 13.3 m())=0 GeV

5 3 g-ati —qaW*X) 0 26jets  Yes 133 <400 Gev, m(@ 0.5(m(¥})+m(3))

& 88 3aalllivx Sepu 4 jets - 132 ; I m(¥})<aqlEEvy :

o 8% &—oagWix 2e,u(SS) 03jets Yes 132 [ v ¥

>  GMSB (ZNLSP) 1-2740-1¢ 02jets  Yes 3.2 o

g GGM (bino NLSP) 2y - Yes 3.2 ct(NLSP)<0.1 mm 1606.09150

g  GGM (higgsino-bino NLSP) i 16 Yes 208 Jg 7TV m(E}) <950 GeV, (i} SP)<0.1 mm, sog 1507.05493

= GGM (higgsino-bino NLSP) Y 2 jets Yes 13.3 m(/??)>680 Gey, .: . ) . .TLAS-CONF-201 6-066
GGM (higgsino NLSP) 2e,u(2) 2 jets Yes 20.3 4 900 GeV ’ m(NLSP)>4§0 & Y L ¢ 1503.03290
Gravitino LSP 0 mono-jet  Yes 20.3 F'2 scale 865 GeV ',‘ m(G)>1.8 [ 1502.01518

&S sz zobbt| 0 3b  Yes 148 m(E))=0GeV ATLAS-CONF-2016-052
> qé g8, g—1ik) 0-1e,u 3b Yes 1438 : m(E)=0 GeV ATLAS-CONF-2016-052
S0 33, gobit] 0-1e,pu 3b Yes  20.1 z 137 TeV m(¥})<300 GeV 1407.0600
)
w e bbbt 0 20 Yes 32 |GG GE] m(¥7)<100 GeV 1606.08772
é S bbb 2 e, (SS) 1b Yes 132 | . 325-685GeV ) m(¥})<150 GeV, m(¥})= m(¥})+100 GeV ATLAS-CONF-2016-037
2 S @f, bk . ) 0-2e,p 1-2b Yes 4.7/13.3 | #17-170 GeV . 200-720 GeV m¥T) = 2m(¥}), m(¥})=55 GeV 1209.2102, ATLAS-CONF-2016-077
@ 8 A, flﬁwg)"(l or ] 02e,u 0-2jets/1-2b Yes 47/133 | f  90-198 GeV . 205850 GeV 4 m(Ed)=1 Gev 1506.08616, ATLAS-CONF-2016-077
€8 iy, hock) 0 mono-jet  Yes 32 [EIIIII190-323 GeV. £ m(7,)-m(E})=5 Gev 1604.07773
> 9 7171 (natural GMSB) 2e,u(2) 1b Yes 20.3 7 150-600 GeV m(/??)>150 GeV 1403.5222
TS hhhoh+Z 8eu( 1b  Yes 133 |h ~ 290-700 GeV | m(P})<300 GeV ATLAS-CONF-2016-038
hoh, hofi +h leu 6Gjets+2b Yes 203 |7 320-620 GeV % m(@’)=0 GeV 1506.08616
TLrlLR, -0 2e,u 0 Yes 203 |# 90-335 GeV m(E))=0 GeV 1403.5294
XX, X - Iv(ew) 2epu 0 Yes 133 ’ m(¥)=0 GeV, m(Z, 7)=0.5(m(¥s )+m(t})) ATLAS-CONF-2016-096
XIXT, X >v(1v) 27 - Yes 148  ; m(EY)=0 GeV, m(#, 7)=0.5(m(¥)+m(t})) ATLAS-CONF-2016-093
S S UVILLGY), GTLEGY) 3e,u 0 Yes  13.3 i m(ERE 0@, m(¥1)=0, m(Z, 7)=0.5(m(¥} ) () gy ApAS-CONF-2016-096
E QL )?‘i)?ﬁ_’W)?EZ)?% 23eu  0-2jets Yes 203 |X,A 425 GeV $ X7 )-aim M0 B ds d 03.4294,3402.7
© )zg)z&_)wflh)a, hosbb/WW/tt/yy ©MHY 02h  Yes 203 )?i,)"(‘z’ 270 GeV g o Bl e AEN ‘ ‘ 1B Ri0
T3, X3 —Trl dep 0 Yes 203 [, 635 GeV mii )=0 (7. =0T ). AW 5.5
GGM (wino NLSP) weak prod. leu+y - Yes 20.3 W 115-370 GeV f cr<imm i 1507.05493 ,
GGM (bino NLSP) weak prod. 2y - Yes 20.3 w 590 GeV ) cr<imm - 1507.05493
Direct ¥1X; prod., long-lived ¥;  Disapp. trk 1 jet Yes 203 | % 270 GeV 3 ¥k )~160 MeV, (7 =0.2 - 13108675 '
Direct ¥1X7] prod., long-lived X7  dE/dx trk - Yes 184 | X 495 GeV ' , il )60 v, Y )
g o Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 g 850 GeV R 0 <00 0RwB4 (]
= % Stable g R-hadron trk - - 3.2 1606.05129
SE Metastable g R-hadron dE/dx trk - - 3.2 m(¥})=100 GeV, r>10 ns 1604.04520
S 8 GMSB, stable 7, ¥| 7@ p)+rle.) 124 - - 191 | & 537 GeV : 10<tans<50 1411.6795
~ GMSB, ' —yG, long-lived ¥} 2y - Yes 203 | 440 GeV & 1<7(¥})<3 ns, SPS8 model 1409.5542
23, )?(1)—>eev/e,uv/,u;4v displ. ee/eu/pp - - 20.3 /\7‘1) 1.0 TeV & 7 <cr(®))< 740 mm, m(z)=1.3 TeV 1504.05162
GGM 23, ¥ —2G displ. vix +jets - - 203 | & 1.0 Tev & 6 <ct(¥))< 480 mm, m(z)=1.1TeV 1504.05162
LRV pp—¥: + X, r—ep/et/ur e,et,uT - - 3.2 A41,=0.11, i32/133233=0.07 1607.08079
Bilinear RPV CMSSM 2eu(SS) 03bh Yes 203 @&  Ma5Tev m(@)=m(g), ctzsp<1 mm 1404.2500
T W B —eev, vy 4ot - Yes 133 MEY)>400GeV, 412#0 (k = 1,2) ATLAS-CONF-2016-075
= XX, X W X —>ttve, ety Bep+T - Yes 203 e 450 GeV i mEEY)>0.2xm(¥5), 1133#0 1405.5086
o 8 8—qqq 0 4-5large-Rjets - 14.8 BR(1)=BR()=BR(c)=0% ATLAS-CONF-2016-057
E g5 5948, 0] > qqq 0 4-5large-Rjets - 148 | m(??)=800 GeV ATLAS-CONF-2016-057
28, g1, X - qqq Teu 810jets/0-4b - 148 g m(¥?)=700 GeV ATLAS-CONF-2016-094
88, 801, [iobs 1e,u 810jets/0-4b - 14.8 625 GeV<m(f;)<850 GeV ATLAS-CONF-2016-094
iy, fi—bs 0 2jets+2b - 15.4 [450-510 GeV ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
7171, i —bt 2e,u 2b - 203 |7 0.4-1.0 TeV gf BR(7, —be/p)>20% ATLAS-CONF-2015-015
Other Scalar charm, E—)cf(? 0 2¢ Yes 20.3 é 510 GeV m(¥7)<200 GeV 1501.01325
. . . .
Only a selection of the available mass limits on new -1 1
states or phenomena is shown. 10 Mass scale [TeV]
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Excited quarks
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¢model-independent



No hew ijsi,c:s bei.ou.} 1 TeV?
Hold your hc)r}ses! ' -

o The call for New Physics mainly comes
from the Higqs sector (and DM?)

o Its a logical passibdi&j to have weakly
coupl.eci Light states:

"Noh-minimal
composite Higgs
models.



nulbi-TeV. horizon

Light skuff mav still be
there!



2 Higgs Doublet Models

o Minimal extension of the SM Higqs sector

V =mho}o1 + myolss —md,y (416 + ¢£¢1) + 28 (o10n)" + 22 (oh0n) +

xs (6101) (¢he2) + A (6162 (ehor) + 2 [(cﬁ" 02) + (ehen)’|

Zz: symmetric (except iz )

o “physical” basis

U2
Dl )"
2 2 2 U1
A1, A2, A3, A4, As, mMi1, Moo, Mg
(X
2 a = h < H wmixing

mp, My, Ma, my+, tanfB, sin(f — a), v, mi,



2 Higgs Doublet Models

o Couplings to fermions define 4 flavour-
safe scenarios

[ Type 1| Type I | Flipped | Lepton Specific
h

Up-Type quark
Down-Type quark

Lepton

Higqs

WW and ZZ X
«COMPLW\SS

H
A
h
A
h
H
A
h
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A Lighter Higqs?

o The spectrum may contain a lighter Higgs-like

skatbe:
A1> ’\21 /\3a ’\41 /\‘5’ m%l’ ng’ m%2
)
my, my+, tang, sin(8 — a), v, m%z
M 1

below 125 GreV?

1607.0%683 (JHEP)

Solene le Corre, &.C., A.Deandrea
S.Crascon-Shotkin, M.Lethuillier IPNL
JunQuan Tao (IHEP, CAS - BeE{jng)



Strategy:

o Preliminary scan of the parameter space




Strategy:

o Preliminary scan of the parameter space

o Impose existing constraints (using existing tools):

1* Indirect constrainks
2x LEP bounds (on scalars)
3% LHC bounds (on Higqs aouptivxgs)



1* Indirect cownskrainks

o EWPTs (S and T parameters) - 2 sigma Limik

o Stability of the potential, and perturbativity of all
couplings

chmpu&eci with 2HDMC

o flavour bounds (charged Higgs) Computed with Superiso

Process Experimental values Theoretical computation | Combined error at lo
BR(B — Xsy) | (3.43£0.22) x 1074 [20] | (3.40£0.19) x 1074 [21] 0.29 x 10~4

BR(Bs — ptp~) | (29£0.7) x 1079 [22, 23] | (3.54 £ 0.27) x 1079 [21] 0.8 x 1079

Ao(B = K*v) (5.2 4 2.6) x 1072 [24] (5.1 1.5) x 102 [21] 3.0 x 1072

AM, 0.510 £ 0.003 ps~* [20] 0.543 & 0.091 ps—* [25] 0.091 ps~!




2% LET conskrainks

o Direct bounds on scalars (HigqsBounds ot 9% C.L.)

3x LHC cownskrainks

o Fit of signal strengths using appa’s ($TeV legacy
dabta - 1606,02266)

(S VIR
VXYM X

NB. Kww =kzz = cos(8 — a)

o Craussion fit of signal strengths (1504.07919)



nggh / tth

Figure 2: Relevance of the hypothesis of a Gaussian likelihood: comparison of experimental
95%C. L. exclusion contours with contours extrapolated from the 68%C.L. fit (ATLAS only).
Colour code per final state: yellow: 7, green: 77, red: WW, blue: ZZ. Gray rhombus: SM

: P Vi)
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o Craussion fit of signal strengths (1504.07919)




Cross seckion calculakion

o We use the same “mem Ericke” ko calculate
production cross sections for the lighter Higgs.

['(h =Y X) -
2 gl light :
e POUEC XY) | o S

my=125 GeV, m=80 GeV, m,+=80 GeV, tan p=8, sin(p - a)=-0.2, m,,=30 GeV

Approximate . e
gg—’h,SUSl‘"
cross seckiowns
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Resulks
Di-photon signal (type 3 )

Gluon fusion

CMS sehstfzivifzi

sin(p-a) sin(p-a)

o Search sensitive to VBF+Vh for —0.3 <sin(f —a) <0



Resulks
Di-photon signal (bype 31

Gluon fusion

CMS sehséf:ivtfzj

o Very far from sensitivity! We focus on Type I!



Focused scan

mp, (GeV) | myg (GeV) | my (GeV) | my+ (GeV)

[80;110] 60;650] [80;630] | [-0.3;-0.05] -(100)2;4(100)2]

o Comparison with CMS cross section bounds.

Gluon fusion

o Note: no VBF optimisation, but simple recast’



Focused scan

Points passing LHC constraints
myg = 87 GGV, mio = 30 GGV,
ma = mg+ = 500 GeV

-0.25 0.2 -0.15 -0.1
sin(p - o)

o Exclusion driven by large BR (h-> photons)



Conclusions

2HDMs still allow for a Light CP-even Higqs

We found that in Type-I, large diphoton
signal can be obtained in VBF+Vh channel

We also checked the pseudoscalar (no large
signal)

2HDM Type-I is o good benchmark model for
the search!

Note: optimisation for VBF+Vh will h@.ify!



Light Fseudamscaiar




