Les Houches 2013 (D e

Experimental introduction
Higgs & BSM

Filip Moortgat (ETH Zurich)

PhysTeV, Les Houches, June 13, 2013

Les Houches 2013 Filip Moortgat (ETH Zurich) 1
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Current status of searches:

¢ H(125) measurements
o SUSY searches
o EXO searches

interleaved with

Topics for Les Houches
+ Some potential topics to discuss here at Les Houches
+ More during round-table this afternoon
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Searches for (SM) Higgs
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Where are we with the H(125) search?
Signal strength for individual channels?
Mass?

Spin/Parity?

BR into BSM? 1 particle?

*
*
*
*
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Various search channels E

CMS ATLAS
|:| 7TeV, 5 fb? ] 7TeV, 5 fb?

8 TeV, 5 fb? L] 8 TeV, 5 fb?
_ 8TeV, 12 fb? 8 Tev, 13 fb?
B 57ev 20> | & rev, 21 "
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Significance per channel

ATLAS CMS
expected observed expected observed
H>ZZ 4.4 6.6 7.1 6.7
H-2>vyy 4.1 7.4 3.9 3.2
H2>WW 3.8 3.8 5.3 3.9
H2>tt 1.6 1.1 2.6 2.8
H->bb 1.0 0 2.1 2.1
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Is=7TeV.L< 5.1!fb" \s=8TeV,L<19.6f

Combined CMS Prelimin#ry m,, = 125.7 GeV
u=080+0.14 Py, = 085
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Signat-strength (u)

CMS best-fit signal strength
n=0.80+0.14

ATLAS best-fit signal strength
n=1.30%0.20
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New boson mass, GeV
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ATLAS: 125.5 + 0.6 GeV
CMS: 125.7 £ 0.4 GeV

— ATLAS and CMS overall best-fit
values agree

— ATLAS has 2.30 tension
between yy and 4l
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Pseudoexperiments

CMSpealiminary Ys=7TeV,L=51f' Ys=8TeV, L= 1961’
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CMS preliminary {s=7TeV,L=5.1f"' Js=8TeV,L=196 fb'
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Spin/parity alternatives

CL,<0.05
CL.<0.01

-

CMS

e

ATLAS

vy ZZ WW ZZ+WW vy ZZ WW comb
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Example:
Spin-0 Lagrangian
(lowest dimension terms)

c-x|
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CP even + CP odd ?

What if H(125) is a mixed state?

* CP-odd contribution (cross section fraction):

£(0-) < 0.58 at 95% CL

* Non-zero f(07) may be due to

— a 0 particle with a nearly the same mass;
— asingle particle X = H(0*) + A(0") with
mixed CP-even/odd states
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BR to BSM? E’I e sttt

CMS Prefminary fs = 7TeV,L<S11 " \s=8TeV.L<196 M

Three-parameter fit

— use all channels

— assume tree-level couplings = SM
— allow for BR(BSM) #0

— Fit for: BR(“invisible”), k, k,

2InA®B, )

—_ NN W s N DO
T T

[~ F L N < W B
]

B w Fewwe Feew
01 02 03 04 05 06 07 08 08
B,

CMS: BR(BSM) < 0.52 at 95% CL
ATLAS: BR(BSM) < 0.58 at 95% CL

Direct ATLAS search for ZH—> (II)+MET:
BR(inv)<0.65 at 95% CL
assuming SM HZZ coupling
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lJVBF+VH

SM Higgs boson? EES
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Higgs summary

In conclusion:
¢ Properties of H(125) compatible with a SM-like Higgs boson

+ Still large uncertainties on various signal strengths (and thus
couplings)

General question:  H(125) < 2> New Physics

+ > What is the consequence of H(125) for New Physics searches?
+ < What is the consequence of NP on H(125) properties?

e \What to measure? How much precision do we need?

Les Houches 2013 Filip Moortgat (ETH Zurich) 18



i fi
Searches (1) G petiutetor

In general, concerning searches:

Q1: Are we missing something? A signature? A phase-space region?
- tell us now! We have some time before the 13 TeV run.

Q2: how to interpret & present best the (neg or pos) search results?
- simplified models versus full models?

- how to present results in a way that allows re-interpretation
in different models. Cfr. previous Les Houches recommendations.
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“classic” SUSY searches [{)Bxey

» Assume pair production of colored sparticles
* All inclusive searches require jets and MET

all jets

Hp = Ep;‘

J

* Further categorized by number of leptons
or photons, also # of jets and b-jets

 Different searches have different dominant
backgrounds

All hadronic m OS 2-lepton m 2 3-lepton

Jets + MET Single
lepton +

Lepton veto jets +
MET

Les Houches 2013

Opposite- Same sign Multi-lepton

sign di- di-lepton + + MET
lepton + jets + MET
MET
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3 TeV results
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Summary of CMS SUSY Results* in SMS framework

-handed toj
FESRASE 128 o

=0.50
X=075

LHCP 2013

CMS Preliminary

For decays with intermediate mass,

m\mermediare = X.mmomey—“ "X).m\sp

slepton

A ]
0 200 400 600 800 1000 1200
*Observed limits, theory uncertainties not included Mass scales [GeV]
Only a selection of available mass limits
Probe *up to* the quoted mass limit
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ATLAS SUSY Searches” - 95% CL Lower Limits ATLAS Preliminary
Status: LHCP 2013 J’Ldt=(4_4- 207" {5=7.8TeV
Model 8 u Ty Joto ET [Lar(w?) Reference
NSUGRACMSSM 0 28p  Yes 203 ‘ ATLAS-CONF-2013-047
NSUGRACMSSM 1en ajots Yoo &8 refe(d ATLAS-CONF-2012-104
NSUGRACMSSM 0 Ti0pe  Yes 203 ey (@ ATLAS-CONF-2013084
Q. 3] 0 28 Yoo 203 ) =0 GaV ATLAS-CONF-2013:047
9. 0-g% 0 28 s Yoo 203 ) =0 GaV ATLAS-CONF-2013:047
Guino med. T ™ 24 e Yoo 47 gD <290 G, mix ) = O8pmilien(in | 1208.4888
20.1(33) 3 Yoo 207 relx) < 889 Gu ATLAS-CONF-2013-007
GMSB | NLSF) 2en  24pw Yes a7 g <is 1208.4888
GNSB (| NLSP) 12« o2 Yes 207 taag 538 ATLAS-CONF-20134028
GGM Pino NLSP) 2y 0 Yoo 48 D > 85 GoY 12000753
GOM (wino NLSP) Tomsy 0 Yoo 48 e3> 8 GaY ATLAS-CONF-2012-144
GGM iggeino-ting NLSP) v 1 Yoo 48 > 299 Gov 1211967
GGM Priggeino NLSP) 20x@) O3 Yes 58 o> 200 GeV ATLAS-CONF-2012-182
Gritno LSP 0 moosjet  Yes 105 o) > 10% W ATLAS-CONF-2012-147
Forb 0 30 Yoo 128 D <290 G ATLAS-CONF-2012-145
2e.u(83) 03D No 207 o) <890 G ATLAS-CONF-2013-007
0 Ti0pm  Yes 203 o) <200 GeV ATLAS-CONF-2013084
0 3n Yoo 128 o3 <290 G ATLAS-CONF- 2012145
B, byt 0 20 Yoo 201 D < 10 Gov ATLAS-CONF-2013053
bt 2e.u(83) 03b Yoo 207 iy «2mED ATLAS-CONF-2013-007
g, 1205 12b Yoo a7 D - 88 oY 12084306, 1200.2902
mm{ 2en  O2pe Yo 203 ) = roll - w0 - 80 GaV, ) ccm(iy) | ATLAS-CONF-2013.048
(o), 2en  O2pe  Yes 203 P2 = 0 GV, i) = 10 GoV ATLAS-CONF-2013048
1, mocum), 0 20 Yoo 201 o) < 290 GuY, mGEHeuE]) = 8 GoV ATLAS-CONF-2013083
1% Peawy). 1en 1 Yoo 207 D) =0 GV ATLAS-CONF.-2013067
12 Peawy). 0 20 Yoo 205 i - 0 oY ATLAS-CONF.-2013004
S 13, fwtorel GMS8) 202@) 1 Yoo 207 > 190 GoY ATLAS-CONF-20134025
Uy, byelpZ 3ex@ 1 Yoo 207 ol w T2 + 10 G ATLAS-CONF-20134025
T, I P ° Yoo 203 D =00 ATLAS-CONF-2013.040
% %y 0%) 2e.n 0 Yoo 203 D) = 0 GV, mil7) «OMED +m@N | ATLAS-CONF-2013.040
Ty Ry [ 2t 0 Yoo 207 o7 = 8 GaY, me7) = O50mED) + G20 | ATLAS-CONF-20134008
O-ans.). FIIEY) 3en 0 Yoo 207 D = G, ) o0, 7) @ OSOmGE) + D | ATLAS-CONF-2013-035
- = £ 0 Yes 207 D)« mED, T #0, wepkors decoupied | ATLAS-CONF-2013005
. Direct 'N.m?, 0 1w Yoo 47 Tesfipcm 12102882
Stable 02e o Yes 47 12111600
GNSB, stabie 3, bow & 20 0 Yes 47 Sctmp<io 12111507
GNSB, -y Glong-ved ;) 2y 0 Yoo a7 Q<T@ ctm 13046310
- qqu (RFV) ek ] Yes 44 1mmcor<im §dacsuied 12107451
UV ppav o X, Vv yeton 20k 0 - 48 R 99, b u008 2z212m
LV ppa o X, ¥y =thies Tomsx 0 . 48 K90, %y o006 12121212
Bansar APV CMSSM 1en 7jets Yoo a7 1o = 1, Cx gy < 1 00 ATLAS-CONF-2012-140
s ™ g .g-ou,u-. 4on 0 Yoo 207 Y >300 G, g, >0 ATLAS-CONF-20134008
e % | X, T gy 3o m+x o Yoo 07 D> 06, %, >0 ATLAS-CONF- 2013008
-8 0 8jots . 48 12104813
2e.u(83) 03B Yoo 207 ATLAS-CONF-2013-007
0 ajpts . 48 el bkt ham 1190.2680 12104828
0 monojet  Yes 105 rol) <80 GOV, it of < 637 G fox 08 ATLAS-CONF- 2012147
10"
Mass scale [TeV]

"Only & selaction of the available mass lmits on new slales or phenomena is shown.  All imils Quoled are obsevved minus 1o theorelical signal cross seclion uncertainly.

Les Houches 2013

Filip Moortgat

(ETH Zurich)

23



Warning

The SMS plots comes with some fine print:

,/( //,// @ o+ ALOT of assumptions going in!
S oloRer SR T ,, (degenerate 1&2 generation, spin, ...)
_— «+ Branching ratio’s usually assumed to be 100%

e in particular for the leptonic final states, that’s
quite a drastic assumption

+ Note that these limits typically hold for low LSP
masses only and all limits disappear if the mass of
the LSP is larger than a few hundred GeV

+ S0 be careful when drawing conclusions on
physics!
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7 TeV exclusions in CMSSM

Full model: up to now still the historic CMSSM/mSUGRA

z  |tan(B)=10
= |A,=0Gev

3 uwo -

m,=173.2 GeV | 4

€ 600 =
|:| LEP27" N

500 P2z |
400 m(g) = 1000 _f

m(g) =500

IIIIIIII

500 1000 1500 2000 2500 3000
m, [GeV]
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m,, (GeV)

ETH Institute for
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What we wrote in our TDR:
LHC @ ~14 TeV

mSUGRA reach in various final states for 100 fb™’

1500 .
1400 3(3000) A;=0, tanf=35, n=0 (CMS PhySICS TDR)
1300 - - e o
1200 -
1100 -
1000 -
900 1
800 - .
. - 1 CMS Prelimi L =4.98fb"\s=7TeV
7001  f- Current LHC limit ‘—" ™=, S 800gg T ur-e'"f“\n?ryn T =2 r = —
| —n _,_,’_'_’__'_,_,_ O 0”5/\‘/, a; ‘ 3;1 tan()=10 .
— ""'-'-""""""“"--------:\4---.-.-." (5 27 /\\) ‘\\N A,=0GeV =
600 ; e ) i ", ~ ‘;’é 700 Jets+MHT % ) =150 © ;:)1732 Gev g
500 - N - 600 R -
T N et N i 500 - & =
400 “"'*-,”o "y \ss 5 .
300 - h (114) mass Iimit"-f? - S 400
200 | foe-llspgemeoerid = ,..9(50 %00
100 - Chargino Searches at LEP 200
0 No symmetry breaking 100 Y
- 500 1000 1500 2000 2500 3000
0 500 1000 1500 2000 m, [GeV]

m, (GeV)
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SUSY interpretation

Still value in having interpretation in a complete model
e Two perspectives nowadays:

= 1) naturalness as a guiding principle, and
= 2) the compatibility with H(125).

o E.g. "Min.Nat. SUSY” (e.g. Tito d’Agnolo et al.):
CMS chose this one

mga m63,z;3’ Ata,u’

+ E.g. having CMSSM/mSUGRA with floating A,,

so m, ~ 125 GeV in the whole plane (e.g. Baer et al
ATLAS chose this one

Don’t have a model that addresses both naturalness and H(125)!

Les Houches 2013 Filip Moortgat (ETH Zurich) 29
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LHC14
Ay=-2m, tanB =10, £ >0, m =172.6 GeV
2000 — L :
C - arXiv:1207.4846 Baer et al
POl - I T . SO m, =4 Tev .
1600 = :
E %
_ l00f= Vo,
N 5 VT mo3my
v - SRR R S -
O 1200 \
v E TN~ —
S 1000 [—
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E & 900 _—/ \ ' ATLAS Prellmlnaryj
600 — 0 = po : e R |- ' \i | -
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400 }— 800 - < ‘ ! 7 ]
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£ ; Japerer Expected limit (£10,,,) |7
600 b DSaauLSP' 11 in
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fom— 1 N ! | 4 4 ——
e ‘-’_... «hu..-.‘w - ..‘..‘.. ! ) | -
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Natural SUSY

Nima A.-H.

The new (old) paradigm: C [7[ aj SUSf
u.W\PM $°“'1 w

+ Light stops/sbottoms

« Light higgsinos | 300 j
+ Not-too-heavy gluinos \&

are needed for a natural 4po '(:‘_).R , Ln_
theory of EWSB \\/

g

tr tr lz? ’_ \'\’

IZIZIIZZZIZIbL ------------ 2 L’ (-
i | . o 7
g Unavidbble e (122, (1]
€ J
natural SUSY

e.g. A. Weiler et al. arXiv:1110.6926
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How to look for natural SUSY [()EExiwss

How to look for natural SUSY?

+ Existing searches are already sensitive
(esp. the ones requiring b-tags)
e Reinterpretation in this context
+ Add dedicated searches
e e.g. for direct stop production

Two main directions:
1) Gluino production (+ decay into stop-top or sbottom-bottom)

= Focus on high jet multiplicity, high #b-jets, ...

2) Direct stop/sbottom production
= Difficult. Needs customized search strategies.
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Gluino to 4 top E' ETH Institute for

0-g production, g— tt 32(1)
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3rd generation: direct - S——

pro duction Particle Physics
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Searches for Exotica
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CMSE o
XOTICA 95 Lot o=1.0. -
95% CL EXCLUSION LiMITS (TEV) |3, 505 WA
x - LQ2, p=1.0 [N
, dijet
a (qg)* e LQ3 (bv), Q=+1/3, 8=0.0 Wik LeptoQuarks
a* (@2 LQ3 (b1), Q=+2/3 or +4/3, =1.0 [k
q*, dijet pair stop (b1) [k
q*, boosted Z 0 1 2
e, N=2TeV
pt, A=2TeV b’ = tW, (3, 2I) + b-jet
q’, b’/t’ degenerate, Vtb=1
Z’SSM (ee, py) b’ = tW, I+jets
Z’SSM (1) B’ ~ bZ (100%) Generation
Z’ (tt hadronic) width=1.2% T — tZ (100%)
Z’ (dijet) t' = bW (100%), |+jets
Z’ (tt lep+jet) width=1.2% £ = bW (100%), I+
Z’SSM (Il) fbb=0.2
G (dijet) )
G (ttbar hadronic) CLA,X analy3|§, A+ LL/RR
G (jet+MET) k/M = 0.2 C.LA,X anaIySIS, A- LL/RR
G (yy) KM = 0.1 C.l, py, destructve LLIM
G (Z(”)Z(qq)) k/M = 0.1 C., MH, Con.structlve LLIM CO n-l-o C-I-
W’ (V) C.l., s!ngle e (HnCM) X
W’ (dijet) REICECHOVI  [nferactions
W’ (td) C.l, incl. jet, destructive
W’ — WZ(leptonic) C.l., incl. jet, constructive
WR'’ (tb)
WR, MNR=MWR/2 ) Ms, yy, HLZ, nED = 3
WKKp=10TeV [ ) Ms, yy, HLZ, nED = 6
pTC, nTC > 700 GeV Il l l Ms, Il, HLZ, nED = 3
String Resonances (qg) ) Ms. II. HLZ. nED = 6
s8 Resonance (gg) ) ] ] T -
E6 diquarks (qq) MD, mono!et, nED =3
Axigluon/Coloron (qqgbar) [ ) MD, monojet, nED = 6
gluino, 3jet, RPV [ | | | [ MD, mono-y, nED =3
1 5 MD, mono-y, nED =6
gluino, Stopped Gluino MBH, rotating, MD=3TeV, nED = 2
stop, HSCP MBH, non-rot, MD=3TeV, nED = 2 : ]
i -
stop, Stopped Gluino MBH, boil. remn., MD=3TeV, nED = 2 Exira Dimensions
stau, HSCR, GMSB = & Black Holes
hyper-K, hyper-p=1.2 TeV MBH, stable remn., MD=3TeV, nED = 2
neutralino, ct<50cm MBH, Quantum BH, MD=3TeV, nED = 2

0
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ATLAS 2013 Wil

AS Exotics Searches* - 95% CL Lower Limits (Status: May 2013)

_______________________________________________________________ LI 1 I L L
Large ED (ADD) : monojet + E; M, (8=2)
Large ED (ADD) : monophoton + E7 M (8=2) ATLAS

o Large ED (ADD) : diphoton & dilepton, m Mg (HLZ =3, NLO) =

S ; /i 5 Preliminary
09) UED : diphoton + E i Compact. scale R’

S Sz, ED : dilepton, m, &l M~ R

S RS1 : dilepton, m, Graviton mass (k/Mp, = 0.1)

3 RS1 : WW resonance, m;, Graviton mass (k/Mp = 0.1) »
© fBUIk RS:2z refsonance, my; Graviton mass (k/Mp, = 1.0) det =(1-20)fb
s RS g — tt (BR=0.925) : tt — l+jets, m d,, mass

= —

) ADD BH'M,,, /M,,=3) : SS dimuon, N, .\ Mp (5=6) | Is=7,8TeV

ADD BH (M, /M,=3) : leptons + jets,Zp M, (5=6)
Quantum black hole : dijet, F (m,) M, (5=6)
""""""""""""""" qqqq contact interaction =y (m ) A
) qqll Cl : ee & uy, 1#1" A (constructive int.)
_________________________ uutt C1 : SS dilepton + jets + Er g, A (C=1)
Z' (SSM) :m,,,,,, |L=201b" 8 TeV [ATLAS-CONF-2013-017] 2.86 TeV Z'mass
Z' (SSM) :m,, |L=471",7 TeV [1210.6604] 1.4Tev Z'mass
N Z' (leptophobic topcolor) : t — I+jets, m_ [L=14.3 " 8 TeV [ATLAS-CONF-2013-052) 1.8Tev  Z'mass
1 t -
W' (SSM) :miq;, [L=47 ", 7 Tev [1209.4446] 255Tev. W' mass
W' (—tqg, g _=1): my, |L=47 ", 7 TeV [1209.6593] 430Gev. W' mass

_____________________________________ W'g (= tb, LR%M) im, |L=143 1", 8 TeV [ATLAS-CONF-2013-050] 1.84Tev. W' mass

o Scalar LQ pair ($=1) : kin. vars. in eejj, evjj |L=1.0b",7 TeV [1112.4828] 660Gev 1" gen.LQ mass

3 Scalar LQ pair (f=1) : kin. vars. in uujj, uvjj [L=1.0b",7 Tev [1203.3172] 685Gev 2" gen. LQ mass
_________________ Scalar LQ pair (p=1) : kin. vars. in ttjj, Tvjj [L=471b",7 TeV [1303.0526] 534Gev 3" gen. LQ mass

. ) L, 4 eneration : t't'— WbWb L=4.7 fb", 7 TeV [1210.5468] 656 Gev t' mass

%E 4th generation : b'b' — SS dilepton + jets + ET’miss L=14.31b", 8 TeV [ATLAS-CONF-2013-051] 720 GeV_ b' mass

23 Vector-like quark : TT— Ht+X [L=1431b", 8 TeV [ATLAS-CONF-2013-018]  790GeV_ T mass (isospin doublet)
______________________________ Vector-like quark : CC,my,, |L=4:61b", 7 TeV [ATLAS-CONF-2012-137] 1.12Tev. VLQ mass (charge -1/3, coupling ko =v/mg)

Excited quarks :y-jet resonance, m o |L=21 7 7 Tev (1112:3580] 2.46TeV. Q" mass
S g Excited quarks : dijet resonance, H7ﬂ L=13.0 fb”, 8 TeV [ATLAS-CONF-2012-148) 3.84TeV| " mass
m 8 Excited b quark : W-t resonance, m,, |i=47 ", 7 TeV [1301.1583] 870 GeV. b* mass (left-handed coupling)
Excited leptons : |-y resonance, m TS 2.2TeV_ |* mass (A =m(l*))

Techni-hadrons (LSTC) : dilepton, m,,,, '
Techni-hadrons (LSTC) : WZ resonance (vll), m,.
w Major. neutr. (LRSM, no mixing) : 2-lep + jets
g Heavy lepton N* (type Ill seesaw) : Z-| resonance, m,,
6 H™ (DY prod., BR(H:*—)II)=1) : SS ee (uu), m
Color octet scalar : dijet resonance, m;
Multi-charged particles (DY prod.) : highly ionizing tracks mass (Il = 4e)
... Magnetic monopoles (DY prod.) : highly ionizing tracks. . If"’laSS . oy gyl . UL

10" 1 10 10°
Mass scale [TeV]

p,/wr mass (m(p /wy) - mim) = M,)

p, mass (m(p,) = m(w;) + my, m@,) = 1.1m(p,))
N mass (m(WR) =2TeV)

N* mass (IV | =0.055, IV | =0.063, IV | = 0)

H;* mass (limit at 398 GeV for uu)

Scalar resonance mass

*Only a selection of the available mass limits on new states or phenomena shown
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EXO result interpretation

In the EXO searches, results often in specific models
+ Need for Simplified Models like in SUSY?

+ In some cases, it's already there.
e E.g. T98 search, see next slide

+ In other cases, it's missing
e E.g. Z' search, see following slide

e Or HSCP search, see following slides

+ In the case of Z', proposals have been made in the past
(e.g. Carena et al. PRD 70, 093009, 2004)
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Events / GeV

Dilepton resonances
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Dilepton resonances
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Heavy stable charged

particles

. Q>1 CMS Preliminary \s=8 TeV, L=18.8 fb"
Tracker + TOF CMS Preliminary \s=8 TeV, L=18.8 fb’' id

2012 data at 8 TeV (full statistics)
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+ Gaining fast in popularity
+ In particular, allows to derive limits on
DM-nucleon scattering, using effective
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General idea

General idea in Les Houches:

+ Brainstorming this afternoon:
e Discuss potential projects. Put all ideas on the table.
e Check for which projects there is critical mass.

+ Coming days:
e Subgroup meetings for the various projects.

+ Reminder to (young) experimentalists:

e Do not discuss non-approved internal ATLAS/CMS results here.
If it’'s not yet approved, it's not yet mature.
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