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* Precision Higgs physics as a way to probe BSM

 BSM Higgs decays
e Searches for additional Higgs bosons
e Perspectives for Run2 & beyond

Disclaimer: my personal selection of the most significant
results from Run 1
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THE 2 MAIN OUTCOMES OF THE LHC, SO FAR INFN |

Discovery of the Higgs boson

MH — (12509 + 0.21 + 0].].) GeV

8th October 2013

THE BEH-MECHANISM,
INTERACTIONS WITH SHORT RANGE FORCES
AND
SCALAR PARTICLES

No direct sign of new physics... yet
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di F's'caN cleare

RUN I: THE BIRTH OF THE HIGGS PHYSICS NN
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From a Tex’r book dlscovery to the start
of the precision Higgs physics with full

1 1 . CMS 19.7 6" (8 TeV) + 5.1 fb”" (7 TeV)
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7 Expeeid o 959 L HZZ ; HWW ; HZy ' Hyy 1 HZZ#HWW @V =a)
Expected at 68% CL

Paolo Meridiani 4




hé 11 )
THE "STANDARD THEORY INEN

di Fisica Nucleare

—50,9,0u95 — 95f " 0ug9,,9, — 192" Y a909,9; + 3192 (@ " q) g, + GUO*G* + gsf“”ca G"G"gu

p¢+a;t¢—

QWO Wy — MEWIW, — 10,70,70 — L M2Z970 — 10,4,0,A, — 10, Ho), H -
A,{2¢+¢—_%3ﬂ¢08“¢0_ 1 A1¢0¢0 [2M2 2MH+ (H2+¢0¢0+2¢+ ‘

w:w,;) — Z(W}o, W- W0, w+) + Z°(w+a w- W) —
AWroW,; — W7o, W+) - A (W0, W, +

2c2 (Z0W+ZOW

4 TheotY 8

(1 +7°)Crds)] + 2\/-W” [(e 7"(1 +
—'\(1—75)6 )+ o~ (e 1+'7 ,\)] 21;1 [H
iy (U Cax(1 = 7°)d5) + m)(u)Can(1 4+ 7°)d5] + wfqb [m)( d*CM(l +’y5)u ) —
n] gﬁH ) gT}‘-H(d'\d’\)+ _251#(1)0( 3\’7511,'\) 2 o ¢0(d’\ 5d’\)+X+(52
M2)X++X (82 M2)X +X°(82 A{., )X+ Y Y +ige,WH0,X° X —9,X"X") +igs, WYX —
D XTY) +ige,W, (9, X X — 9, X°X*) +igs,W, (9, XY —9,YXT) +igch°(6 XXt -9, X X))+
195 A (0, X X —9,X X)) - JgM X" X"H+ X X H+ & XOXOH] + gM[X"LX%)Jr
)_(‘X°d>‘]+ﬁigM[X°X ot — XOX+¢7| +igMs, [ XX~ ¢ — X°X+¢ | + zg]\/[[X+X+¢0 X-X¢"

Self consistent up to large scales [JHEP 1208 (2012) 098]
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nggs potenhal |srenormc|I|zabIe however Iopcorrechons ’ro
the Higgs boson mass quadratically divergent

O L

(27r, )P k2 1677

Not an issue if cut-off A not far from TeV, instead if SM—Planck scale fine-tuning

Elegant Solutions (some including dark matter candidates):
- Additional symmetries: supersymmetry

- Composite Higgs, Higgs as a “mi®" of a new strong interaction

- Extra-dimensions, “move the Planck scale”

- New ideas: arXiv:1504.07551

Or:

- Deal with it, anthropic principle/multiverse
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UPERSYMMETRY SEARCHES

ATLAS SUSY Searches* - 95% CL Lower Limits

INFN
C

Istituto Nazionale
di Fisica Nucleare

ATLAS Preliminary

Status: Feb 2015 Vs=7,8TeV
Model &u T,y Jets ET™ [Lanm™) Mass limit Reference
Ll Ll Ll Ll Ll Ll Ll Ll l Ll Ll Ll Ll Ll
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 '8 1.7TeV m(g=m(2) 1405.7875
44, ‘I_"iil 0 2Bjets  Yes 203 |4 850 GeV m(E})=0 GeV, m(1* gen. §)=m(2™ gen.J) 1405.7875
8 q—oqr. (compressed) 1y O-1jet Yes 203 |§ 250 GeV m(§)-m(t}) = m(c) 1411.1559
S i g_.qqx, 0 2-6jets  Yes 203 |%& 1.33TeV m(¥})=0 GeV 1405.7875
§ 28, 3-qq¥ —»qu’)f). leu 36jets  Yes 20 4 1.2Tev m(t})<300 GeV, m(¥*)=0.5(m(¥})+m(z)) 1501.03555
0 23 Z—qq(le/tv/w)X) 2e.u 0-3 jets - 20 |% 1.32Tev m(t})=0 GeV 1501.03555
® GMSB (¢ NLSP) 127+01¢ 02jets Yes 203 |& 16TeV tans>20 1407.0603
g GGM (bino NLSP) 2y - Yes 203 |& 1.28 TeV m(t})>50 GeV ATLAS-CONF-2014-001
S  GGM (wino NLSP) Teu+y Yes 48 m(t})>50 GeV ATLAS-CONF-2012-144
£ GGM (higgsino-bino NLSP) Y 1b Yes 48 m(¥)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 03jets Yes 5.8 m(NLSP)>200GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 20.3 F' scale 865 GeV m(G)>1.8 x 10 eV, m(z)=m(§)=1.5TeV 1502.01518
S g-bbi) 0 3b Yes 201 |% 1.25TeV m(E?)<400 GeV 1407.0600
S8 sit| 0 710jets  Yes 203 |& 1.1TeV () <350 GeV 1308.1841
o 0-1e.p 3b  Yes 201 |& 1.34TeV m(F?)<400 GeV 1407.0600
%0 g—biX| 0-1eu 3b Yes  20.1 z 1.3TeV m(¥})<300 GeV 1407.0600
& biby, by—bY) 0 2b Yes 201 | 100-620 GeV m(¥})<80 GeV 1308.2631
-‘é’ S biby, b—tXy 2e,u(SS) 03b Yes 203 |b& 275-440 GeV m(¥; )=2 m(t}) 1404.2500
S S @i, i—bYy 1-2ep 12b Yes 4.7 |, 1105167 GeV . 230-460 GeV m(t}) = 2m(Y}), m(})=55 GeV 1209.2102, 1407.0583
8- iy, i = Wb, or it 2equ O2jets Yes 203 |@ 90-191 GeV 215-530 GeV m(E})=1GeV 1403.4853, 1412.4742
S8 iy, -t 0-1e,p 12b  Yes 20 |# 210-640 GeV m(E})=1GeV 1407.0583,1406.1122
8.§ fiiy, iy =ty 0 monojeVctag Yes 203 | 90-240 GeV m(iy)-m(¥})<85 GeV 1407.0608
Eﬂ % fy7; (natural GMSB) 2e,u(7) 1b Yes 20.3 i 150-580 GeV m(¥])>150 GeV 1403.5222
iy, =i +Z 3e.u(2) 1b Yes 203 |#@ 290-600 GeV m(t})<200 GeV 1403.5222
iLRiLRv [-—tf,ﬂ' 2e.u 0 Yes 20.3 i 90-325 GeV m(t})=0GeV 1403.5294
XYY, X —=inty) 2eu 0 Yes 203 | 140-465 GeV m(t})=0 GeV, m(Z, #)=0.5(m(¥; }+m(¥})) 1403.5294
X1 XY, X —>tATv) 27 Yes 203 |X 100-350 GeV m(¥})=0 GeV, m(z. #)=0.5(m(¥; )+m(k})) 1407.0350
E g i.’ig—.ilyi.,((fw‘ Vi L) 3eu 0 Yes 203 o A 700 GeV m(T; )=m(t3), m(¥})=0, m(7.7)=0.5(m(¥; }+m(t})) 1402.7029
O owize! 23epu  O02jets  Yes 203 |¥LA 420 GeV m(¥; )=m(¥3), m(¥})=0, sleptons decoupled | 1403.5294,1402.7029
X0 WE WY, h—bb/WW/tt/yy €HY 02h  Yes 203 |X.X: 250 GeV m(F; )=m(E2), m(¥})=0, sleptons decoupled 1501.07110
XoX3, X35 —irt dep 0 Yes 203 |3, 620 GeV M(E2)=m(¥2), m(E2)=0, m(Z, #)=0.5(m(¥2)+m(¥})) 1405.5086
Direct X1 X prod., long-lived ¥; ~ Disapp. trk 1 jet Yes 203 |X; 270 GeV m(¥; )-m(¥})=160 MeV, 7(¥;)=0.2 ns 1310.3675
g 2 Stable, stopped g R-hadron 0 1-5jets  Yes 279 |2 GeV m(t})=100 GeV, 10 us<r(z)<1000 s 1310.6584
= © Stable g R-hadron trk - - 191 | & 1.27 TeV 1411.6795
DT  GMSB, stable 7, V| —#@. fi)+rle. ) 12K - 191 | & 537 GeV 10<tanB<50 1411.6795
S g GMSB, Y] —yG, long-lived ¥} 2y Yes 203 | ¥} 435 GeV 2<1(¥})<3 ns, SPS8 model 14095542
33, X\ —qqu (RPV) 1p, displ. vix - - 203 |d 1.0 Tev 1.5 <cr<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—v, + X, ¥, —e(u) + 7 leu+t - - 46 ”,-o.to. A2 «.:=0.05 1212.1272
> Bilinear RPV CMSSM 2e,u(SS) 0-3b Yes 20.3 q.2 1.35TeV m(g)=m(g), cTysp<1 mm 1404.2500
QP - WE X —eer,, euv, dep - Yes 203 |X& 750 GeV M(ES)>0.2xm(E} ), 2121 %0 1405.5086
= X G -wil A oreveerv,  Bep+t - Yes 203 | & 450 GeV m(t})>0.2xm(¥} ), 4,35#0 1405.5086
£-4qq9q 0 6-7 jets - 20.3 z 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g1, Iy —bs 2e,u(SS) 0-3b Yes 20.3 z 850 GeV 1404.250
Other Scalarcharm, é—c ) Yes 203 |& 490 GeV : m(¥})<200 GeV 1501.01325
A A e e A e A A A e A 'S A
8 TeV -1
R+ - G ‘ Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o Ss section uncertainty.

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

LQ1(ej) x2
LQ1(ej)+LQ1(v))
LQ2(yj) x2
LQ2(uj)+LQ2(v))
LQ3(vb) x2
LQ3(tb) x2
LQ3(tt) x2
LQ3(vt) x2
Single LQ1 (A=1)
Single LQ2 (A=1)

RS1(yy), k=0.1
RS1(ee,uy), k=0.1
RS1(jj), k=0.1
RS1(WW—4j), k=0.1

CMS Prel%min1ary 2

SSM Z'(t1)

SSM Z'(jj)

SSM Z'(bb)

SSM Z'(ee)+Z'(up)
SSM W'(jj)

SSM W'(lv)

SSM W'(WZ—Ivll)
SSM W'(WZ—4))

Leptoquarks

RS Gravitons

3 4 TeV

4 TeV

EXOTICS SEARCHES

CMS Searches for New Physics Be

Istituto Nazionale
di Fisica Nucleare

95% CL Exclusions (TeV)

Q-qW(semilep+M)
T(5/3)(dilep,ss)
T'—-tZ(semilep+lep)
T'>tH(semilep+lep)
T'—-bW(semilep+ep)
T'—bW(semilep+M)
T'—>bW(hadronic)
TtH(H-Yy)
T'—tH(hadronic)
B'-»bZ(multilep)
B'->bH(multilep)
B'-tW(multilep)
B'—-tW(ss-dilep)
B'-»bZ(dilep)
B'-bZ(semilep)
B'—bH(semilep)
B'—tW(semilep)
B'—sbH(hadronic)
t++MET,vectorial(had)
t+MET,scalar(had)
ttbar+MET,scalar(dil)

w+MET,scalar(semilep)

 J N N N N N N N N |

Vector-like T'

Vector-like B'

Dark matter

0 02 04 06 08 1

ADD (y+MET), nED=4, MD
ADD (j+MET), nED=4, MD
ADD (ee,py), nNED=4, MS
ADD (yy), nED=4, MS

ADD (jj), nED=4, MS

QBH, nED=4, MD=4 TeV
NR BH, nED=4, MD=4 TeV
QBH (jj), nED=4, MD=4 TeV
Jet Extinction Scale

String Scale (jj)

12 14
Excluded Mass (TeV)

g KK(oombined)
Z'(1.2%)(combined)
ng(dilep)
Z'(1.2%)(dilep)
g, (semilep)
Z'(1.2%)(semilep)
g, (@l-had)
Z'(1.2%)(all-had)
Wi(lep)

W(had)

t*(dilep)
t*(semilep)

ct(f)=2 cm(e+p)

Large Extra
Dimensions

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G

e

yond Two Generations (B2G)

IIIIIIlIIIIIIIlIlIIII

tb Resonances

Excited tops

Displaced tops

0 05 1

156 2 25 3 35 4 45 5
Excluded Mass (TeV)
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
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BSM HIGGS PHYSICS INFN

Precision ?Xaxgle*/new H decays

Mass
scalar couplings SL/M‘P

spin/CP ¥
differential cross sections
off shell couplings/width

lepton flavour violation

H as a tool for discovery
portal to DM: invisible Higgs decays

Exten Hi tor
ended Higgs secto portal to hidden sectors

f/\l—lslgll\\/\/\ NMSSM portal to BSM physics: decays to HH, WH,
' /H, tH, ...

double charged Higgs FCNC: t—cH

Paolo Meridiani
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BSM HIGGS PHYSICS NN

— e
—

Complementary directions to look for BSM physics in Higgs sector

Precision
MAsSS

scalar couplings
spin/CP

differential cross sections
off shell couplings/width

Paolo Meridiani



di Fisica Nucleare

THE HIGGS PICTURE FROM RUN | v _

19.7 o' (8 TeV) + 5.1 16" (7 TeV)

I 7_ L ALY AR RN LAl B LI B -
3 - * S d dh d | H H . T T T T T | T B U S — —— — ———
A ATLAS Preliminary 3 z 6 | % o tagged
.._1> - —68% CL :.'\\ \s=7TeV, 4547 fb’ B Iali CMS or H— ZZ tagged
5E- ---95% CL P \s=8TeV,20.3fb" = =5 5 H-> WW tagged |
- : —_—H o WW . i H — tt tagged
4 —Ho2zZ 41 H — bb tagged
- Hobb I SM Higgs
35_ —Hoy I ]
- Hott _T i
% : 2 2
1= = g 1
0 E :
1E E Of -
- my, = 125.36 GeV ] i
_2-11111lllllllllllllllllllllllllllllll]lllllll- B .
_2 _1 0 1 2 3 4 5 6 7 1lllllollll1lllllé|l||3
f -
ATLAS-CONF-2015-007 Hagr M ogh it
CMS arXiv:1412.8662
— HDECAY 4.43 + PROPHECY4F 2.0 arXiv:1208.188
.‘g 1 L Hgyy — WW,ZZ / Zy yy,99 / bb,cc,ss,dd,uu / Tt , u'u’e'e’
§ 107
v 10'3§
t10% e
. . = 10'5F <mH(>3 12;'(7)200:(563\/
- f om)=060=0. e
Nature was very kind with us Z (0%, I R
m 7|
- 107"
= E 7
product of BR ~max @ 125 GeV 0%/
10°¢ /
10—105 //
10"
10-12:7 1/ ‘ J
80 100 120 140 160 180

Paolo Meridiani m, (GeV) |
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PRECISION: COUPLINGS DEVIATIONS v

Looklng for nggs coupllngs dewq’rlons LHC Run | probe nggs couplmgs
use an “effective approach” @ 15-30% level
— parametrize deviation from SM with

-1 1
Coupnng modjifiers, “kapCI”, kXSM:] 19.71b" (8 TeV) + 5.1 fb (7 TeV)

CMS - 68% CL
» fensor structure kept as SM —o5s OL
» ok for Runl precision Ky = 0.96"0 1 -
e.q. signal strength in H—=yy: K, = 0647028 et e
H — yy = 0.82+%18 R
88 EA = 1.6079% ———
2.2 ;
— Kt ‘K '
ttH K%Y Ky =0.75"01> ——l—
2 2
KvBF (KZ,KW ) K +0.17 :
H Koy K2 0O 05 1 15 2 25
W K2 Parameter value
- KZ K2
< Still large room for BSM

Paolo Meridiani



Extended nggs sector E.Q. 2HDI\/\/MSSM EWSB ile 2 nggs

doublets.

Direct searches: look for additional scalars (neutral or
charged), if SUSY direct searches for SUSY partners

Indirect searches: b-physics (B—tv,B—Dll1v, b—sy, Bs—uu),

H(125) couplings

Composite Higgs: Higgs as pseudo Goldstone boson of a
new strong intferaction

Direct searches: new vector resonances, new “light”

fermion partner stat

Indirect searches: st

es
ringent constraints from EWPT, H(125)

couplings (controlled by ¢ = (v/f)? compositeness

parameter)

Paolo Meridiani




INTERPRETATION EXAMPLE: 2HDM (%

. =

Effechve theory wﬂh 2 complex scalar ATLAS-CONF-2014-010

doublets 2HDM Type | ATLAS Preliminary
. . = Obs. 95% CL \s =7 TeV: [Ldt = 4.6-4.8 fb’
» 5 physical scalar fields after EWSB X Bestft  15=8TeV:[Ldt=203 1"
] - === Exp.95% CL Combined h — vy,ZZ* WW*
=neutral: h,H CP even, A CP odd e "
o 1Orl T ANTFTTI R RS ]\ A
=charged: H* c % A gt
° ° o o o \ \ ,,\ e /'\/_
Couplings described by 2 mixing angles uslye gt
o o [\ J 1 /'\/fl//i\/\
» tanP=vi/v2, a mixing angle h/H Gesise
'ﬁ/"\//\/\/\,,\r\ = A
2 2 2 _ ( SM) AN
Envv T8 HVV T8 av — \Epw “’::\5%;’\;)\3
X \\;‘"\’\/ e
Coupling scale factor Type I Type II Type III Type IV T A\ N 2 \; \. /\\
Ky sin(8 — @) sin(3 — @) sin(3 — @) sin(3 — @) 28 { ‘_, XA ’_t N\ ., AT e
Ky cos(@)/ sin(B) | cos(a)/ sin(B) cos(a)/ sin(B) cos(a)/ sin(B) {7 ( \1\1\,\\’\
. e . e O 1 ) A\ c P |\ L\l }
Kd cos(a)/ sTn(,B) an(a)/ cos(B) co.s(a)/ sin(B) sin(a)/ c.os(,B) 1 -0 8-0 6-0 4_0 2 0 0. 2 0 4 0 608 1
K] cos(a)/ sin(B) | —sin(a)/ cos(B) | —sin(@)/ cos(B) | cos(a@)/ sin(B) coS ([5 (X)

Decoupling region: Higgs very
close to SM or ma,i>>mn not
probed given current precision

Paolo Meridiani | 4




MSSM: o pcr’rlculor 2HDM

ATLAS- CONF 2014 010

10 ity LI L LI LI L LU LI ]
Type Il model i | ' ! ! ! ! ! :
g 9 =
3 ATLAS Preliminary E
Simplified MSSM: mn used to |'s=7TeV,JLdt=4.6-4.8 fo :
parametrise radiative ! s-8Tev, [ Lat=2031 E
i 6 —
corrections Combined h — vy, ZZ*, WW*, 11, bb =
Djouadi et al. arXiv:1305.2172 S o =
Simplified MSSM [k, x,, k4] =
4 —
) . -=-Exp. 95% CL = Obs. 95% CL =
At low tanf implies a very 3 =
large Ms SUSY scale 2 —
1 - E
. W\TMTW\'I'M'R'M' W5 ki ™
800 300 400 500 600 700 800 900 1000
m, [GeV]
Ky sq(my.tan B)+tan B s,(my,tan ) 1
V/1+tan? 8 Su = T
N oy J o ("2;)”,2(1 - P ma >~ 400 GeV

Ku 4 Su(ma, tan f) =

(m3 +m%) tanp

kg 9 sa(ma,tanB) /1 + tan2 ,

d= 7372 .3 2 34 Su-
m2, +my tan? B—m; (1+tan? B)

Paolo Meridiani




PN
INTERPRETATION EXAMPLE COI\/\POSITE HIGGS INFN

MCHMSO(5)/SO(4)symme’rry N —

breaking - ATLAS Preliminary

+ SM X Best fit
s=7TeV, [Ldt = 4.6-4.8 b

Coupling kv "universally” — Obs. 68% CL - - Obs. 95% CL

mOdIerd froporhonol to
& =v°/f

Coupling kr depends on the ’

s=8TeV, det =203 fb!

Combined h—> yy.ZZ* WW*ztbp ~ =XP-68% CL =~ Exp.95% CL

|IIIL,“III‘L“IIIII|IIII|II
I [

II|IIII|IIII|IIII|IIII|IIII

actual model implementation
0
arXiv:hep-ph/0412089
MCHM4 A R
O._7I - |0.|8I - 0|9 - I1 - |1|.1I - I1.|2| - I1.|3I - I1.4
ATLAS-CONF-2014-010 Ky

Paolo Meridiani 16



Reversed phese fyorferm|onopl|n
Ki=-1disfavoured by kv/kr couplings fit

Most channels constraints independent

from relative phase
Degeneracy broken by H—=yy: BR enhanced if phase
Is reversed

AANNA I'Wﬁ J\ w-
W\\ '-‘N?:v Vevv \[\,Vlfyhl \g\s\\f
H ™ = H Z
....... 5 W L Zo
/f:/r‘, 9@ < 4/:
W s e {
Y
T 2

’ i VAWML
L ¢ ~ K2 =]1.28 K, - 0.28 K|’
1
' WWWIWW

T
0

However, when assuming BSM contributions X
in kg & kyy, still degeneracy in kv/k: plane .

[J.Ellis, T.You, JHEP 06 (2013) 103]

Paolo Meridiani |7

CMS

+ Observed
| ¢ SM Higgs

0 0.5 1

GLOBAL Combination (marg. c,.c.

1.5

o

-

0.4 0.6 0.8 10 12

kv

14

16

18




i+H SM tree level cancellahon
o(t+H)=18 fb @ 8 TeV (o ~ 1/10 of ttH)
x15 o if Yirelative sign reversed wrt SM

t+H: first proposed by Biwas, Mele, Gabrielli as
a probe for Hit sign [JHEP 01 (2013) 088]

Strong involvement of CMS Rome group

Analysis testing ki=-1 hypothesis, assuming rest of
SM still valid
not realistic, but allows easy interpretation
test also other BSM models where t+H
enhanced
Combination to be published soon: sensitivity to
exclude ~ x 2 o(ki=-1)

Potential to exclude ki=-1 with <20 fb' @ 13 TeV

Paolo Meridiani

95% CL exclusion limits

on o/o(ki=-1)

CMS HIG-14-001
tH+H(—YY)

Obs 4.1( Exp 4.1)

CMS HIG-14-015

t+H(—bb) Obs 7.6(Exp 5.2)
CMS

HIG-14-026 Obs 6.7 (Exp 5.0)
H+H(WW,7)

H—yy final state most sensitive
thanks to BR enhancement
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BSM HIGGS PHYSICS INFN

=

Complementary directions to look for BSM physics in Higgs sector

Rare/new H decays

7Y, ¥Y*

M
J/Wy

lepton flavour violation

H as a tool for discovery

portal to DM: invisible Higgs decays
portal to hidden sectors

portal to BSM physics: decays to HH, WH,
/H, tH, ...

FCNC: t—cH

Paolo Meridiani



HIGGS BSM DECAYS INFN

= e _

2 SM ATLAS-CONF-2015-007
I_‘H - 2i Ki ri ATLAS Preliminary
Vs=7TeV,45-47f"" /s=8TeV,20.3fb"
Undetected/invisible Higgs decays indirect 6O%CL:  amim
constraint at ~<30% at 95% CL. A
Ky =1.00+0.12 --
I’EIM = 4.2 MeV = 112,01 =

total width very small. Even smali
couplings implies sizeable BRs!

(95%CL) Kz, < 3.3

(95%CL) BR; , < 0.27 %

i =1.08'03 -

: my = 125.36 GeV
Direct searches for BSM Higgs decays: N I R - ST
—h — Invisible (MET), h = y + MET Parameter value
—h — ur (lepton flavour violation)
-h — dd— xxyy
—h — long lived particles
-h—...

Paolo Meridiani



H —> | N V | S | B I_ E w 5:':!;2;";3::::::

Dlrectsearch for |nV|S|bIH|ggs mtreshgln fhe contexf
of Dark Matter | )

Exploit associated Vector Boson Fusion and VH — g

production /, / 3 fotf’

2]
W, Z € [ i
g 4’_\’ o sok CMS —e— Observed i
X , 3 60
- s=8TeV,L=19.7fy' __ ZH(m=125GeV), -

B(H — inv)=1 00% -

S B L LS L - Z(Il) H(inv)

>

8 - VBF Signal (m =125 GeV, BR=100%) - S0 4 —_
| Wo Iv | L 0008 i

] o wz

s 10°F — E w0l H E

r] :_’_ B Other Backgrounds 3 E DY(I)sjets i

o L —@— Data 2012 . - ]

ATLAS Preliminary - 20E;

1 B
R

20.3fb", 8 TeV

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

—— O — — — e — — — = e e e e e, S

£ 00" 400 500 600 700 800 800 1000
150 200 250 300 350 400 450 500 my [GeV]

Et_lr_mlss[Gev] . .
L H(125) BR upper limits
Most sensitive channel. H(125) BR upper a1 As: Z(—ll)+H 75% (exp 62%)

limits: ATLAS: Z(—jj)+H 78% (exp 86%)
ATLAS: 29% (exp 35%), CMS: 57% (exp 40%) CMS: Z(—ll,—bb)+H 81% (exp 83%)

Paolo Meridiani




DM: mx<myu/2

Higgs portal models: direct
interactions of Higgs with DM
candidate

E.g. spin independent nucleon-
scalar DM cross section
[ ATy mifR

"N miw? (My +mn)?’

fn: Higgs-nucleon form factor
from lattice QCD

Paolo Meridiani

1 1 A
_ 2 Q2 S A4
Escalar — 58}1/88“3 - §mSS ZS
-1
| s | | L I 1 | I | L | I | I I LI IE
0 10 | Combination of VBF and | =
2 102k ZH, H — invisible CMS
> 3 = Vs=8.0TeV, L =18.9-19.7 fb' (VBF+ZH) =
(7) ;.{ 1 O EE \[§ =7.0 TeV, L=4.9 fb-1 (ZH) B(H—’ inv) <0.51 @ 90% CL EE
4 =125GeV B
CO 10 4 EE \\‘\\ my e EE
o) S\ N
2 107 g
6 . =
o 10 E_ Sl o0 E
U) _7 == - - e . -
7)) 8F TRS R
(&) 1 0-9 I = —— [ cRessT10 —
- ST iarmion e [0 CRESST 20 =
10 fermion  _.--- —— - XENON100(2012) B
Q1 o' @ .t XENON10(2011) —=
9 S A L , ] DAMA/LIBRA =
O 1 0-11 _____ === Min @ CoGeNT(2013)/90%CL ]
3 < Lattice [0 CoGeNT(2013)/09%CL =
- 12 p="-" [ CDMS(2013)/95%CL R
= 10 === Max COUPP(2012) —=
—— - LUX(90%CL) =
2 1 0'13 1 | | | | 11 1 | | | | | | 1 1 1
Q 10 10° 10
DM Mass M,, [GeV]
22




FCNC heawly constralned in ’rhe quark h g
|G

sector, but lepton sector less constrained e
Indirect limits on BR(H—ut) from t rare
. my 2 2
decays search (1—3u,t—py): ~10% T(H — "0 = §(|Y£ﬁga| + | Yyugs|?)
19.7 fb™" (8 TeV) . ..
> Fems _—— ] Direct limit on BR(H—ut) < 1.57%
o _F -
60— [ | Bkgd. uncertainty ]|
S °F e IS ] (2.40 excess...)
P N : [ | Z _ —
% S0 i B Other —] \/|Y;¢T|2 -+ IYTP|2 < 3.6 x 10 3
u>J n . - tt, - CMS 19.7 b7 (8 TeV)
o a0l [ ] MisiD'd v, e, u i ]
= - rweee+ LFV Higgs, (B=0.84%) >_.=}
2 - 7 e
g 30 [ ] 10-1
& -
é 20— ]
@ f . 1072 e g
10— = -.
3
%209 ..................................... 107 e,
%0-0_1 .................................................................... . j;‘s : |
e ) 300 1074 = ,
M(ut)  [GeV] 10 10 10 10 v 1
CMS: arXiv:1502.07400 b
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Seqrch forllght scalars mosﬂy mohva’red in iheNMSSM(Nexi io
Minimal SSM) contexi

MSSM: u-problem, higgsino mass parameter uimposed at EWSB scale

NMSSM: generate u dmdmlcally adding a singlet super field S
w=MS) from: A\SH,Hy,

MSSM: m3% ~ M2z cos?28 + Am?
Less fine-tuning then iIn MISM yvissi: 2 ~ 112 cos? 28 4+ A20% sin? 28 + Am?

Z

NMSSM: larger Higgs sector: 3 CP-even H, 2 CP-odd A,
2 charged H* H(125) not necessarily the lightest scalar

o arXiv: 1502.05761
129 Ry N S T : SERp s

128 |-

Include constraints from 127
b-physics, dark matter 3 126
relic density, LEP & LHC E 125
Higgs searches 124

123

0O 20 40 60 80 100 120 140

— m,. [GeV]
Paolo Meridiani ! 24



LIGHT SCALARS: H—>dbdb—2u27

— = __ = = e

g T
Searches performed so far: {
BR(p—XX) expected to be proportional to Ty ™ <« o
Mx? ¢‘\\ )
1
2121 good compromise: use clean my, Qs i H
final olbservable g U+
> | A ' '
§ AM SRu ?TL:TSVP;IE:?W —— Data : o 102 = . . — . . | -
o s=8TeV, 20. — Background Model | o = o =
g o Fit Uncertainty - g/ ~  ATLAS Preliminary = mhagszeSrVCeiz\gE)o/o cL Z
11 r 0 e Z/y* Component | &5 - (s=8Tev,203fb" ... Median Expected 95% CL |
§ o e tt Component - X 10 §_ e +1o _§
W 10 ZIv* — S E t20 7]
; |t | ET, -
‘ Other 7] % 1E y
sl BR(h—aa)=10% _| EX - ]
| 11 lds :
: R, -l _
T100F |W‘ — : E
ERE! NN , L ]
S100f + Il ¢ f 12— ' '
< 4 5 6780910 20 30 40 5060 4 5 6 7 8910 20 30 40
3 m,, [GeV] m, [GeV]

Paolo Meridiani arXiv:1505.01609 o



Complementary directions to look for BSM physics in Higgs sector

Extended Higgs sector
2HDM

MSSM,NMSSM

double charged Higgs

Paolo Meridiani



P (A/H)—=1T
A—Zh «— MSSM inspired

H*—1v,H*—cCs,H*—1b

Mostly performed as
model independent
searches for new scalars

Paolo Meridiani



MSSM: |Cll'ge BR((I)_'TT) fOI’ fOI‘ fdn[i>5 CMS o> | ' | . | 19.7 fb” (8 TeV)

E 10° I — Observec;
. . = F e Expected for SM H(125 GeV)
Analysis builds up on SM h—t7. Bump 2 B itobxpected
. [ ] +20 Expected
search in reconsfructed m; g g 0go
5
. . h/H/A
Several final states considered for the © .
. c
decay: Te Ty, Thad S
£
. . g =
b-tag categories for blb¢ production 3
“ b
n 10-3 | 1 1 1 1 PR T 1
=) 100 200 300 400 1000
— 10 CMS hHAwt 19.7 b7 (8 TeV) + 4.9 fb (7 TeV) m, [GeV]
% Wth S h,H,IA—)‘C‘t
o ) —e— Observed CMS o> 19.7 fb” (8 TeV)
; 10 Iz "§: 103L'I —o—' Ob;erved' o
— O+ = F e Expected for SM H(125 GeV)
= 10 [ Electroweak o 102 i I 12 Expected
E (JacDp T E- [ ] + 20 Expected
O : [ ] Bkg. uncertainty % - b
P 1E e h . —~ 10 b(D
T H ! L MSSM m_ ,, scenario =
m,=160 GeV, tan=8 , @
10 ML 8
P o
102 E b — E
P -
10° ki <
o 103 . . e
; 2 o 100 200 300 400 1000
Y i I m, [GeV]
0 500 1000 1500

m,, [GeV] ATLAS: JHEP 11 (2014) 056  CMS: JHEP 10 (2014) 160
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A—7H NN

L/ di Fisica Nucleare

A-I(—IDh(—d)  A=I(=I)h(—bb)

A—>Zh—>||bb (1=e 1) L-197fb (8 TeV)
I

] — 2  F—elpata T T AN Q-
> N T | | I | I | ] = - . High mass CMS -
80| MM SM Higgs =
& [ ATLAS ¢ Data 2012 : P 0= :
o L~ A . i T 70— * —
S ool {s=8TeV,20.3fb Zz( ’) SM Zh N g fm tz«;:;s E
2 N - $ S0 mm v E
= C Fake-7/l background - 2 F [ MC statesyst 3
0>J N ) . o 50 =S m,= 400 GeV =
o 15 > Uncertainty . % 40 E-0 1= 680 Ge¥ =
- mA = 340 GeV 1 30 —z
10 A = Zh = It Ty / 1 T —: o | N E
J 10
5 —
. 0=4
. 2 40;_ Data / Bkg = 1.046 + 0.0 E
PERTEN BRSO B | . ... (1.120:_ f —_
250 300 350 400 450 500 550 600 z 03..,..:,.*#.. %}@/ Heb ﬁ %“* _
mig© [GeV] 205 E
° 40 = , ) , , —]
Strong involvement of ATLAS Rome group 200 250 300 350 400 450 500 550 600 650 700
m_ T | L l LI l LI l L ] L ] LI l LI I LI I T
c L
§ [ATLAS  A-zhmca0cev
2| Vs=8TeV — Obs 95% CL (@ +10 band |
10 C 20310 Ex:95%CL Ezz(szaa:d ]

[JExcluded  [Jby A-tt -

Extend sensitivity in low tanf} for 2HDM/MSSM
models not covered by the ¢—1r search ——»
10

IIIII
llllll

ATLAS: PLB 744 (2015) 163-183

CMS: arXiv:1504.04710 ol N

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

cos(f-a)
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g Y
Lo
Interesting in the context of 2HDM X h 7
for low tanf} region my<350 ----A)
B
: b
Strong involvement of ATLAS & CMS
Rome group g 5 CMS: PRD 90, 112013
ATLAS: Phys. Rev. Lett. 114, 081802 (2015) HIG-13-032
X%h(eyy)h(ebb) 105 7 IGTXIIVI: 1'592I0'0§5'9l I17;9-1'9.7[&;'1](8Tle\/_)
+ e = CMS = CMS-PAS-HIG-13-032 (yybb) §
4 2.1 1) dffer I.EE ATLAS E g;imgng Higgs BR CMS-PAS-HIG-14-013 (bbbb) - spin-0 E
)

jl_dt =20fb" at 1s =8 TeV

—a— Observed 95% CL Limit
#=2== Expected Limit 1o
- Expected Limit +2¢
w1 YPE | 2HDM:
tanp=1, cos(p-o)=-0.05

CMS-PAS-HIG-13-025 (multileptons and photons

- === radionAg=1TeV y WED:gg— X, kL=35
BR(X— HH)=.25, no r/H mixing

I

3.5
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Mu*<miop: production in decay

[tt—HbWD]

Mu*>miop: associated production

with top [tH(b)]
Thad+MET+D-jefts fi

able to exclude full MSSM phase

Nnal state

space for muy:<160 GeV

> :IIII[IIIIIIIIIIIIII

lllllllllllllllllll

8105;EATLAS —e— Data 2012
- p [ JTruet
10 |Ldt=19.51b et
\103— e/u—t
g \s=8TeV - m,,. = 130 GeV
Q1 0%E... .- = B(t —» bH)x B(H'—> w) =0.9%
L 10 : Low—-mass H" selection
n post-fit
10" + :
10-2 i T T WW(V/W 7
§1§IIIIIIII]Il]]]llll]iI]lIIII]IIII]III]
2" 1»% .
£0.5 7
D O L1 | | I . | | | I .| | I . | | | I .| | | I | | | I .| | | I . |

100 200 300 400 500 600 700 800

Paolo Meridiani
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ATLAS: JHEP 03 (2015) 88  CMS-HIG-14-020
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A. DjOUCIdI et al: arXiv:1502.05653

LHC 7,8 TeV
25 fp

\

/' A/H—Tt

Th|s region can be

@ p—it

O H —Tv
I H —WW
H—ZZ
A—Zh

[ H — hh

300

Paolo Meridiani

400\ 5C
M, (GeV)

500 600 700 1000

Indirect limit from
Higgs couplings

probed also looking

32




® Peak luminosity w——integrated luminosity S(X)O fb 1
6.00E+34
Run 1 Run 2 Run 3 Run 4 wﬁ_ ——
10000
7-8 TeV 13-14 TeV —
o 25 ns — ’l’rfggr/gted IR e o e
. ——””’J‘—'_—. - :
- ' luminosity
= 4008434 1 26 b > 100 fb’ > 300 fb’ ~ 300 fb™'/ year oo -Z‘
£ = o~ o <t LN £
_§- 3.00€+34 / L) A . N | 3 §
@ 10.0
£ () < 21 r w=40 | <60 || | e 140? :
— 2.00€ +34 > & & b
LHC design L ey 13 -
luminosity instantaneous 1.0 E
—pp 100E<34 > .
® luminosity | phasel Phase I HL-LHC
<
—— upgrade upgrade N -

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

2021

~N ™
N N
-
[

2024

2025

2026

2027 |

2028

2029

2030
2031 |
2032

Target for 2015: 5-10 fb-! First stable collisions: 03.06.2015
>100 fb-' by 2018, >300 fb-' by 2023
HL-LHC: ~3000 fb-1, 5 x 1034 cm-2s-' requires detector+DAQ+trigger

upgrades

Paolo Meridiani
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PERSPECTIVES FOR HIGGS PHYSICS @ RUN 2 (N
13 TeV: H cross section ~ x 2, itH ~ x4 o(8TeV) |0(13TeV)| ratio
o . . 2.3
Run | sensitivity/precision will be gg~H 93 39
reached for H analyses ~10 fb-' @ 13 TeV VBF .58 3.75 2.4
WH 0.70 .38 2.0
ZH 0.42 0.87 2.1

Full Run2+3 statistics (~300 fb-'):

~T0M H produced
~400k H useful for precision measurements

ttH 0.13 051 3.9

Rare processes: H—-uu @ & 30, H—=Zy @ > 20
Direct #tH coupling could be established @ ~ 50

Higgs couplings can be tested at levels better then 10%

Ditferential cross-sections for H—=yy,H—=77Z,H=WW improving sensitivity for
new physics looking also at kinematic deviations

Paolo Meridiani 34



)
RUN 2: A NEW ERA FOR HIGGS MEASUREMENTS  INFN

—— ———  ———

Transition from statistically limited to CMS Projection

SYSfemGﬁCG"Y Iim“ed in the Higgs IExlpecltedluncI:ertlaintlieslonI | |—| 30(|)fb"lat ¥§I=1¢I1TeVISce|nariol1
preCiSiOn thSiCS Higgs boson couplings ratios 1 300fb"at (s =14 TeV Scenario 2
Reaching the ultimate precision will QKY/ZKZH

require new tools and new ideas, paving Kw /%

the grounds for HL-LHC. Ko/ %z

Theory and experiment working together :Z/’K“g
hitps://twiki.cern.ch/twiki/bin/view/ R .
LHCPhysics/LHCHXSWG 0.00 0.05 0.10 0.15

expected uncertainty

e We are organized in 3 working groups.

Higgs XS&BR Mail Bruce Mellado (Witwatersrand)  Pasquale Musella (CERN) Massimiliano Grazzini (Zurich) Robert Harlander (Wuppertal)

Higgs Properties QVET] Michael Diihrssen (CERN) Andre David (CERN) Adam Falkowski (Orsay-LPT) Gino Isidori (Ziirich)

BSM Higgs Mail Nikolaos Rompotis (Washington) Mario Pelliccioni (Torino)  lan Low (Argonne and Northwestern) Margarete Muhlleitner (Karlsruhe)

Paolo Meridiani 35




ATLAS-PHYS-PUB-2014-017

LL 'L || 1 1 ] I 1 1 I 1 I 1 | ] | I 1 1 | | l 1 | | 1 I 1 1 ] 1 I | | B 1 I 1 1 |
Y. -
N [Ldt =300 fb": Allunc. —— [Ldt = 3000 fb': All unc.
e [Ldt = 300 fb™": No theo. ------- det 3000 fb™": No theo.
190 E_ +  Standard Model /,..«—-/“‘ “‘\\\
’ ~ Combined :/,/79‘ TN
- h— vy, ZZ*, WW a |

1.1— h = Zy, uu, 1z, bb ) "/

0.9

lllllllllllllllllIllllllll-

~~ATLAS Simulation
] Preliminary

Exp 95% CL at IS = 14 TeV _
| |

L1 1 | I I 1 11 1l 1 l
085 0.9 0.95 1 1 05 1 1 1 15
K

|

0.8

O
I

Vv

HL-LHC (3000 fb-'): ultimate precision for the Higgs coupling
measurements

If no direct sign of BSM found, Higgs precision physics will be
the most important tool to look for new physics

Paolo Meridiani



HL LHC PROBING HIGGS SELF COUPLING mﬁ

hh non- resonqnt produchon smoll Cross-

section in the SM ~40fb @ 14 TeV = 1oL [1atev —0
- potential to measure the Higgs self R —
coupling % E

— can reveal anomalous hh couplings

SM hh production

AHHH - 1 =L IN L S
] E Zﬂ>_ff : 105 0 5 10
: e o g

Anomalus BSM hh
production

Q
A
[
[
|
>
Q

Y

o5l ATLAS Simulation Preiiminéry ]
i \s=14 TeV, 3000 o -
= H(bb)H(yy) tH(yy)

g - h 20~ ™ bbH(yy) =X -
; - - Z(bb)H(yy) ™ bbyy

“ i Others -

g ~h i ]

h(—yy)h(—bb) the most promising channel
@ HL-LHC: ~20 per experiment according to
current projections

h(—tt)h(—bb) also being studied g; =00 180 200 250
m,, [GeV]

Events/2.5 GeV
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INFN
Run 1: from Higgs discovery, to the start of the Higgs physics

we have a new toy to play
Run 2: pushing the Higgs physics into the precision era
~10 fo' @ 13 TeV needed to achieve Run | sensitivity

<10% precision on Higgs couplings at the end of Run 2
prepare grounds for HL-LHC where ultimate precision will be reached

i g9 — qaqqWWy %, x=Am(_ X,)/Am@X.)=1/2, m(¥,)=25GeV

General feeling of “Higgs and no BSM”.

0

However % 1 ATLAS Simulation Preliminary Discovery Reach, 1-Iept0n+jets-i-E:iss
. . o 10"
Wait for Run2! Direct searches reach .
iIncrease very rapidly thanks to increase in - _.E.--..
sqrt(s) 10* S
Smaller BSM cross-sections can be probed o= 13 TeV, ABB-25 %
o« g 6 R 1fb’
later-on thanks to the Run 2 stafistics - 50| —a— 21"
0’ 8 Teviz0 fo" (95% CL ) A
1o.a..|.;“.11.;',.11“1.1'.',.11““1“."""O'b1
1200 1300 1400 1500 1600 1700 1800 1900 2090 2100
m(g) [GeV]

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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RUNZ2 HAS STARTED!

/—ete- candidate

Both electrons satisfy tight identification criteria,

pT(el1) = 48 GeV, pT(el2)=32 GeV, m(ee) = 86.7 GeV M'NDBLOW'NG

Vi

One electron initially failed tight identification due to ID-calo
mismatch; resolved in bulk processing with improved ID alignment.

Forarrar ( ) * TELLRIDE
e ] BT EW YORK FiLm FEATIVAL LB LIRANE
is } o {

PARTICLEFEVER 2

Paolo Meridiani 39






Discovery not really a surprise:
LEP legacy

The most challenging
coupling to be tested
at the LHC

V = utdtd + N(drP)?

Paolo Meridiani
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LOOKING FOR SM DEVIATION: Mass

—— = — I - = e _

2.5

1.5

0.5

6

] SM fit with M, measurement

SM fit w/o M, measurement
HlH ATLAS measurement [arXiv:1406.3827]

CMS measurement [arXiv:1407.0558] |

2C

R AL L LR L EE LR EEEEEEEEEEEEEEESY " SEEEEl = EEEELEEEEED 16

: | I I | | L1 1 1 I L1 1 l | I P | | L1 1 1 I L1 1 1 | | | L1 1 1 :
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M, [GeV]

Consistent with SM EWK precision tests




A—uu & H

— — p— P — e —————— _
— = =

—_— INFN
o | ) (L e e

> o0 T EBARAURAA
BR(H—uun)=2.2x10"4~ 1/10 x BR(H—YyY) 8 s TLAS mo G
_‘\g 108 :z;BTgVJ‘Ldt=24.8 fo” gtstingleTop Ex\fj’et
H(125)—uu 95% CL observed g 107 Howw O Hirs cev
° ° L 6
(expected) limits on o¢/osm d
10*
ATLAS: PLB 738 (2015) |7.0(7.2) 10°
CMS: arXiv:1410.6679 |7.4(6.5) 1100
‘ /'ﬂ‘a
. . . 10-1 Loy T P (N R (P (I P (PO (P I
Together with evidence of H—11, confirm 80 100 120 140 160 180 200 220 240 260
lepton non-universality ATLAS: PLB 738 (2015) 68 " [GeV]
With 300 fb-!' @ 13 TeV sensitivity to ~exclude = gol oKW 197RT(BTeV)r 50 T TeY)
5 [ —e— Observed limit CMS :
H — MM :;:T 50 :— ---------- Median expected limit .
\-(% E - +106 expected limit E
\g 40 [ 12 ¢ expected limit _:
:‘_é 301 _
H—ee: CMS put 95% CL exclusion limit on 2 af ;
o X BR(H(125)—ee)=41ib o t :
X 10 -
O:II..I.I...II...II.:
120 130 140 150

CMS: arXiv:1410.6679 M. (GeV]
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e == =

Very small BR
BR(H—J/vyy) ~ 3x10-¢

> J/Wy Yy

/\+y candidates

Limit on H(—=J/yy) ~ x 540 SM

95% CLs upper limit on Branching Fraction

1076

%24:1' IRARE RARE RARS RS LS RARE RS RRRE b=
S 22- ATLAS E
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ATLAS: arXiv:1501.03276
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RARE HIGGS DECAYS: H—>7y & H—>y" YUY L o

—_—

e —

. Serc:h performedln Z(eee)+y and y

Z(—uu)+y channel \ " %

* Very small BR expected in SM ~0.1%. . ,
— New particles/couplings (e.g composite [T— % T Dﬁfi%::i
higgs) can be revealed in decays involving f y y

loop

ATLAS: arXiv:1402.3051 >11(9)

* For h(125) excluding BR enhancement CMS: Phys. Lett. B 726(2013) 587 | >9.5(10)

>~ x10 @ 95% CL

Z/" ! “/Z !
(] N
* Dalitz decay o ,. ?< |
N <_’:
[ ° [ He - o - 1 “——’*J/\j\)\, :>
VLA“/, >

— different contributions to the
same final state, not yet

disentanglea é‘
—wrt 1o Zy: muuw<20 GeV ,,
e Sensitivity similar to Zy: excluding AV [ [ AT
>x11 @ 95% CL
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HeDARK/ HDDEN SECTOR INFN

ATLAS Exotics Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary
Status: March 2015 fL dt = (19.5 - 20.3) fb? Vs =8TeV
Model Signature  [Ldt[b™] Lifetime limit Reference
Hidden Valley H — m,m, 2 low-EMF tracklessjets 203 | =, lifetimc-; T S _ [ m(m,) = 25 elev 1501.04020
R -
2 Hidden Valley H — mymry 2 ID/MS vertices 19.5 w, lifetime _ m(m,) = 25 GeV Preliminary
I}
% FRVZ H — 2y4 + X 2 e—, u—, m—jets 203 7. felime N 4540 i H - 2y4 + X, m(y4) = 400 MeV 1409.0746
8
= FRVZ H — 4y4 + X 2 e—, u—, n—jets 203 |74 Iif— H = 4yy + X, m(yq) = 400 MeV 1409.0746
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Events/ 2 GeV

H— DARK SECTOR INFN

'If ‘dark sector e.d. new U(1 )dgaugeboson nggscoulddeqy to |fs
dark boson 14

U(1)a unbroken: H—ZZ4, coupling via kinematic mixing
U(T1)a broken: H mixing with dark Higgs, H—ZdZ4

ATLAS-CONF-2015-003

H—1Z4—4l. same selection as Higgs H—Z4Zq—4l: small Am between pairs
H—Z7"—4l look for a bump in mag4 of opposite sign same flavour leptons
8:”HII'”I"”IIHII””I””]HHIHHI””I””: > 10° Flnalstate4e4p2e2p
S M (25 GeV ATLAS Preliminary G 10°-ATLAS Preiminary —e— Data 2012
~ ] : 10° \s=8TeV, 20.3fb ZZ* -> 4l
6 E_ 5?2_’ iz:“_’ 4 _f £ 10* k- my,=125GeV — ;'V'CVZ;;‘"
o 3 Z+jets, 1 - O 40 .
5 :_ P ® —&— Data 2012 _: L 107 W Zbb, Zsjets
— ] B (z+) quarkonium
4 :— L 4 4 \s=8 TeV, 20.7 fb-1 —: 10 7/, Total background
- J 1E
31 = 10" [
- . 102
21 = i
- . g %y
i3 E § o
S - E
O0 10 20 30 40 50 60 70 80 90 100 (%’ —421 , , _ , _ _ , , e
0 5 10 15 20 25 30 35 40 45 50
m,, [GeV] A m| [GeV]
Limit on BR(H—ZZ4) ~10-40% for mzg4 Limit on BR(H—Z4Z4) ~20% for mzqin
in 15-60 GeV range 15-60 GeV range
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HMSSM: HEAVY HIGGS DECAYS INFN

di Fisica Nucleare
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CHARGE D H IGGS INFN

High mu+ mass: H*—tb

di-lepton + b-jets final state

sensitive 1o both H*—=tb & H*—1v
interpretation provided for BR(H"—tb)=1 or
BR(H*—1v)=1

CMS preliminary, Ys=8 TeV, [ L=19.7 fb -
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nggs trlplei model HiW"Z
adllowed aft tree level

Search performed with VBF
production of charged Higgs

2 jets (VBF topology), 2 central jets
(W decay), 2 leptons (Z)
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nggs decqys ’ro neutrallnos/gravmnos y+MET flnal s’ra’re

~ ~() - o 97000000000
GMSB h—->GX > GGy
~0 ~0
NMSSM 1 — ¥ %] - X\ Xy g
7.3fb™ (8 TeV)
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o + Jets - i
CMS - Jet faking Photon 3 @ E CMS

Electron faking Photon Preliminary

CMS: inclusive 107

Zy

analysis 217 e
C10°Es B vy ey
o 4 - M, =120
Y pr>45 GeV 10 .

ATLAS: associated
VBF production

Optimized for

my/2 < Mz < My
below yy+MET will
dominate

CMS: HIG-14-024
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