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Standard Model overview

* Standard Model studies fall into a few main categories

Jets/QCD

Electroweak bosons

B-physics
Top physics
Heavy lons

. ATLAS Preliminary
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Literally hundreds of interesting results
exist, just a handful of the most recent

will be shown
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QCD/jet physics

Inclusive

* Jet cross sections
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Candidates / 17 MeV

B physics
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Electroweak bosons

» W,Z still a workhorse of SM physics
— PDFs, HO QCD, electroweak parameters, model
tuning

« WW, WZ, ZZ are irreducible background for
many searches

— Precise cross sections measured at sqrt(s) = 7 and 8 TeV

* Uncertainty ~10-15%, testing NLO precision
— Limits on triple gauge couplings
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GEXBR(W —lv)[nb]

W and Z inclusive cross
sections @ Vs = 8 TeV
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Top mass: LHC combination

ATLAS 2010, l+jets

LHC m,,, combination - June 2012, L_ =35 pb'-4.9fb"
ATLAS + CMS PreliminaryNs = 7 TeV
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Top differential cross section s,

submitted to EPJC
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Heavy lons

arXiv:1208.1967 (ATLAS, submitted to PLB)
First measurement of inclusive jet suppression
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STANDARD MODEL HIGGS
SEARCHES



Standard Model Higgs overview

* Critical 1;_)Iart of the Standard Model, one of the principle targets
of the LHC

* Multi-channel discovery strategy covers the full mass range
— Utilise varied production and decay mechanisms
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SM Higgs search overview

Channel CMS ATLAS
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H— WW — iviv

* Two leptons + MET*: pileup

treatment is critical * Excesses seen in both analyses at
*Er = Ex™ *sin(min{A¢(E" ,0bj),Z}) my; ~ 125 GeV

— ATLAS: 2.80 (local, 2.30 expected)

« ATLAS: Fit to transverse mass in jet — CMS:1.60 (local, 2 Soiee il

multiplicity bins (0j, 1j), VBF
analysis (=2))
« CMS: Channels separated by

_ _ -1
flavour (%, ') and jet multiplicity - C,M,S, S ‘ET E} Telv’, LI‘,S;1,ft,’
(Oj’ 1j’ 2j) o o + data
— BDT in 2011 data for 0j, 1j analyses (Lg 401 ] m, = 125 Gev
E 140:—'A.,.'L;4'S' T L he % sM(sysesay ] P O va ]
2 120 y\s-8TeV,[ Ldt=58fb" E i E Sing Ton B 2 0P top K
; B (*) . Bl Z+jets [] W+iets ] "E 1 Z+jets
g 100:_ H—-WW —evuv/uvev + 0/1 jets [CJ H[125GeV] _: LL] i W Weets
Iogp 1 E 20¢ ]
603— — i * I
b E 10 m ﬂ :
2of E el 1
: . : N e . S R
80 100 150 200 250 300 0 50 100 150 200
m; [GeV] m,,(GeV)

4th September 2012 Michael Flowerdew (MPP Miinchen)



Combined results

*SM Higgs boson excluded (95% CL) at low
masses, except in one narrow mass window
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Observed excess

* A new boson resonance has been * Mass is fitted leaving branching fractions
discovered unconstrained:
— Local significance: 5.90 (ATLAS), 5.00 (CMS)
- E ted for SM Higgs: 4.9 d>5.8 . —
ré‘s%iigvel‘;f 1685 .70 and .90 ATLAS: my =126.0 + 0.4 (stat) £ 0.4 (syst) GeV
« H—yy and H—ZZ contribute most to local CMS: my =125.3 + 0.4 (stat) + 0.5 (syst) GeV
excess

— H—WW also important for ATLAS result
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Is it the SM Higgs?

o e » Signal strength tested in each mode, and versus my
Ho 2z * Boson and fermion couplings tested by comparing
o different H—yy sub-channels (ATLAS) or all
different channels (CMS)
Hom ! — Both consistent with SM within 2o
H— bb ;
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Best-fit 6/ ogy, anneils are consistent with eacn otner,

ATLAS: 1.4 £ 0.3 (@ 126 GeV) : .
CMS: 0.87 +0.23 (@ 125.5 GeV)) and (so far) with a SM Higgs boson
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Non-S5M Higgs searches

@ 60r - CMS-PAS-HIG-12-022 _& [ e e )
% r ATLAS Preliminary H_) . F . h b H- ;Z —— Observed {s=8TeV.L=531"
. QL MSSM combination YY. Fermipnhobic Higgs T 10 E{mm + 10 Expected F‘_ 5 TeV{ . - 5'1‘ it 3
. - - + 20 Expected s=/1leV.L=0o. =3
[Lt-a7 a5 : excluded 110-147 GeV % Eeetoa 9012
408 Vs=7Tev _: ~ d -] ----- Expected 2011
mr, u>0 ] i
4 AO)
30 7] <
] T
20 J 1:/
“:gfsgggg s ] ATLAS-CONEF-2012-094 ©
10 - 1 Combination of uu and 4 tt
+ 20 7 .
LEP : Channels ln the MSSM rl 11 1 1111 11 1 1 11 1 1 11 1 1 1111 11 1 1 11 1 1
//W//M//WIHVM//&AA’NM e 110 115 120 125 130 135 140 145 150
100 150 200 250 300 350 400 450 500 my (GeV)
m, [GeV]
ATLAS-CONEF-2012-079
CMS-PAS-HIG-12-026, -027 (not shown) H—aa—4y search
bbH, H—bb in hadronic and semileptonic modes (a = light CP-odd scalar)
CMS Preliminary, L=2.7 - 4.0 fb”, V&=7 ToV CMS Preliminary, L=27 - 4.0 fb", \s=7 TeV > 20007 T T T g
3‘ 100 T T T T T T T T T T T 71 T T T T % 70E T T 1T 7T [ (q-lj) 1800:_ _+_ Data 2011 {/s=7 TeV) J.L di=4.9 fbr'_:
.E.. S 6ok ; E Background Model (x?/n,,,,=60.2/60) E
|3 E *Gc')' 1600:_ ______ Signal (M,=125 GeV, M, =100 MeV) ]
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T o7 : 800F 3 E
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o ] r ---- Expected ] .
o -150 BB observed £ 16 ] 10F- MSSM m,-max E=E Expoctod (68%) |- 400 -
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SUPERSYMMETRY
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What are we searching for?

Minimal supersymmetry adds >100 parameters to the Standard Model

(even more if you violate R-parity)

Constrained GUT-scale Simplified models (bottom-
models (top-down) up) + variations
» Uses some high-scale assumptions to * One or a couple of production/decay
reduce parameter space processes
— Famous examples: Constrained MSSM/ — Remains agnostic as to other sparticle
mSUGRA, GMSB, AMSB content
* Sparticle mass/coupling relationships ¢ Main result: a cross section (xBR) limit
restricted by construction — Transferable between models

« Many have trouble reconciling a

 Naturally leads to signature-based
125 GeV Higgs

searches

Mass [GeV]

Log,,(Q/1 GeV)
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Jets + MET

ATLAS-CONF-2012-109 (2-6 jet) PRL 107, 221804 (2011) (CMS, o)
Squark-gluino-neutralino model, m(i?) =0 GeV o
%‘2800 - LI L B R "l.:: LA N I B L L N B L L L B L L B ] pp _)gg’g_)qqi ;m('q)>>m(§)
G 2600 - . ATLAS Preliminary = S 1200 cMs Pl‘elirlninary T T E',n
8 = = e - \s=7TeV L=1.11b" =
g 2400 [~ J Ldt=581b", (s=8 TeV = £71000- o 110 &
X - . ] L sProd _ _NLO-QCD g
o 2200 — ey 0-lepton combined — S prod _ g
— 0 - - il
g 2000 : '-.,".' —_— Observed limit (+1 ciﬁfx) _: 800 B E
- ., . - —— Expected limit (+1 °exp) . = 1 =
1800 — — L :g
= || Observed limit (4.7 fb", 7 TeV) 3 600 =
1600 - eSsSSN = I 3
= T .-, . . |
- T T — ] i o
1400 = - S 400 _— 10" ﬂ\:
1200 |— — i @
- . 2001
- . 2
1 l 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l L 1 1 800 1000 1 200 10

1000 1200 1400 1600 1800 2000 2200 2400 m, (GeV)
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3rd generation: gluino-mediated

* pp— &g —>uy orbbk via real or virtual squarks
— 4 top/bottom quarks, top is the main background

— Main signatures: multiple b-jets, same sign dileptons

arXiv:1207.4686, submitted to EPJC
CMS-SUS-12-002, submitted to JHEP
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m; [GeV]
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» — L ..'l a = Multi-jet, 4.7 b 3
2] - - o . ’ i
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M _o [GeV]

4th September 2012

200
180
160
140
120
100
80
60
40
20

ATLAS direct stop production

T, production: T, — b+, ¥~ W'+%, (BR=1, m, <200 GeV); T, t+7, (BR=1, m_ > 200 GeV)
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Electroweak SUSY production

» If strong SUSY is at high mass, we can independently find
weakly interacting sparticles
* Decays via slepton or W/Z ideal for >=2 lepton searches

— 2 leptons: Four signal regions (m,, 2jet, OSjveto, SSjveto). Top,
WW and fake leptons all important

— >=3 leptons: Z veto or Z requirement. WZ largest background,
then reducible top and Z+jets

— Complementary, orthogonal analyses . .
arXiv:1208.2884, arXiv:1208.3144,

e CMS results soon in CMS-PAS-SUS-12-006 both sumbitted to PLB

;‘500_|||||
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o
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Other SUSY signatures

. }Nhilt?lf we have it all wrong, and the LSP is not stable? Or the NLSP is long-
ive

— Cannot rely on missing energy: Detect decay of LSP or (meta-)stable particles

a ] > 10°g T > T
™ [0) = 3 [0} |
g _ O oL ATLASPreliminary e b, E g ﬁ;&gfteggf"mmaw 4 Data 2011 (o= 7TeV) ]
S E o E J p %555 :'Ot? batt:kgr;)t;nd § . % % o . ~—— Bkg estimate 16 (syst)
g E § 1 02 E \s- 7T ] L= aT Elaec:onn '::ck ::cl?;::Snd E % 102 ?'[Ldt =47l -+ Signal g (m = 500 GeV) E|
X ] = E ™ =100GeV, T <0205 3 2 F ----Signal § (m = 800 GeV) 7
'3 10" ITL =100GeV, 1. =1.0ns ] ]
S -2 _| E nL e! 1:“, =1.0ns 3 O
o210 == 95% CL Exclusion £ S ) Long-lived R-
< . 1 ‘ 3 E
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=10° RPV t ‘exchange - .02 Meta-stable E sleptons
L T B E e -~ E L _
B 100 200 300 400 500 600 700 800 900 1000 SF AMSB Xl . h: E
m- [GeV] 10°g . g E

10 20 50 100 200 500 1000 =

ATLAS-CONF-2012-111  'rackpr[GeV] ol e

PRI MY I B
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3 arXiv:1207.0106 (CMS, submitted to JHEP) ATLAS-CONF-2012-075
2 102k Stopped heavy stable charged particles
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& [= A;['L_AS ] — T e v T 10°F T T g
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TLAS exotics searches

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: ICHEP 2012)

Large ED (ADD) : monojet + E, ...
Large ED (ADD) : monophoton + E; ..
Large ED (ADD) : diphoton, m,,,
UED : diphoton + E; ...
RS1 with k/M_, = 0.1 : diphoton, m,,,
RS1 with k/M_, = 0.1 : dilepton, m,
RS1 with k/M, = 0.1 : ZZ resonance, m,,
RS1 with k/M_, = 0.1 : WW resonance, my .
RSwithg /g =-0.20:1t — I+jets, m
RS with BR(g —>tﬁ’é’8‘.925 (tt— l4jets,m
ADD BH (M, /M,=3) : SS dimuon, N s
ADD BH (M, /M ,=3) : leptons + jets,Lp
 Quantum black hole : dijet, F (m,)
" qqqq contact interaction : 3 (m )
qqll CI : ee, uu combined, rﬁu
uutt Cl : SS dilepton + jets + £,
St ssiiosisiosiosthsdibessebe b Z(SSMy i
Z' (SSM) :m.,
W' (SSM) :my
W' (- tq, g =1) im
Scalar LQ pairs (#=1) : kin. vars. in eejj, evjj
S Scalar LQ pairs (f=1) : kin. vars. in ujj, uvij
4" generation : Q,Q,- Wqwq
4 generation : T~ WbWb
4 generation : d.,da_’ Witwt
New quark b’ : b'b'— Zb+X, m,
SH+AA 2lep+iets +E, (Mm?
Vector-like quark : CC,m,,
Vector-like quark : NC,m
Excited quarks : y-jet resonance, m
Excited quarks : dijet resonance, ;"ﬁl
Excited electron : e-y resonance, m
Excited muon : -y resonance, m:
Techni-hadrons : dilepton, m_,.,
Techni-hadrons : WZ resonance (vlll), m.

Extra dimensions

Extra dimensions

v

TT,

1op partner

3 Major. neutr. (LRSM, no mixing) : 2-lep + jets
3 W, (LRSM, no mixing) : 2-lep + jets
H™ (DY prod., BR(H"—puu)=1) : SS dimuon, m
__________________________________ Color octef scalar : dijet resonance, 1,
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L=4.7 1b", 7 TeV [ATLAS-CONF-2012-067)
L=4.7 1b", 7 TeV [ATLAS-CONF-2012-086)

L=4.9-5.0 1", 7 TeV [ATLAS-CONF-2012-007)

ATLAS

Preliminary

My (5-2)
M, (3=2)
M (GRW cut-off, NLO)
Compact. scale 1/R
Graviton mass
Graviton mass
Graviton mass
Graviton mass
KK gluon mass
KK gluon mass
M, (3=6)
My, (5=6)

deI =(1.0-5.8) b
fs=78TeV

M, (5=6)
A
A (constructive int.)
A
221Tev. Z'mass
13Tev Z' mass
255Tev. W' mass

L=4.7 b, 7 TeV [CONF-2012-096] 350GeV W' mass
L=1.01b", 7 TeV [1205.1016) 113Tev. W' mass
L=1.01b", 7 TeV [1112.4828) g60Gev T' gen.LQ mass
L=1.01b", 7 TeV [1203.3172) 685Gey 2™ gen. LQ mass
L=1.01b", 7 TeV [1202.3369) 350GeV. Q, mass
L=1.01b", 7 TeV [1202.3076) 404GeV U, Mass
L=1.01b", 7 TeV [1202.6540) 480Gev d, mass
L=201b", 7 TeV [1204.1265) 400 GeV  b' mass
L=1.01b" 7 TeV [ATLAS-CONF-2012:071] | 483GeV. T mass (m(A )< 100 GeV)
L=1.01b", 7 TeV [1112.5755) 800 6ev Q mass (coupling k.o = v/m)
L=1.01b", 7 TeV [1112.5755) 7606ev. Q mass (coupling k., = v/m,)
q* mass

L L 2012 3 q* mass

e* mass (A = m{e*))

w* mass (A = m(u*))

p,Jo; mass (m(p fo;) - m(x;) = 100 GeV)
p, mass (m(p_) =m(x,) +my, m(a)=1.1m(p,))
N mass (m(W_) = 2 TeV)
W, mass (m(N) < 1.4 GeV)
H* mass
Scalar resonance mas
L1111l | L1 1 1111 1 [ | ] [ |
10" 1 10 10?
Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena shown
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Z'SSM Il

Z' SSM tau tau

Z', ttbar, hadronic, width=1.2%
Z', dijet

Z', ttbar, lep+jet, width=1.2%
Z'SSM |l (fob=0.2)

G, dijet

G, ttbar, hadronic

G jet+METk/M =02
GyykM=01

G, Z(INZ(qq), k/M=0.1

W' v

W’ dijet

W' — td

W= WZ(leptonic)

WR' = tb

WR, MNR=MWR/2
WKKu=10TeV

pTC, nTC > 700 GeV

String Resonances (qg)

s8 Resonance (gg)

s8 Resonance (gg/bb), fbb=1
E6 diquarks (qq)

Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

q° (qg), dijet
q” (W)

qQ* (@2
q", dijet pair
q*, boosted Z
e, A=2TeV
u , A=2TeV

b’ = tW, (31, 2I) + b-jet

q’, b'/t’ degenerate, Vib=1
b’ = tW, l+jets

B’ = bZ (10096)

T = 1Z (10096)

t' = bW (1009%), l+jets

t' = bW (100%6), I+

4th September 2012

gluino, Stopped Gluino

stop, HSCP

stop, Stopped Gluino

stau, HSCP, GMSB

hyper-K, hyper-p=1.2 TeV
fractional charge, g=2/3e
fractional charge, g=1/3e

multiple charge, q=2e

multiple charge, g=3e

neutralino, ctau=26cm, ECAL time

LY

‘11‘;[

LQ1, =06
— LQ1, B=1.0
d LQ2, =06
—J LQ2, B=1.0
:—,—r. J LQ3, (bbnunu) Br(LQ — bvt) =1

LQ3, (btau) B=1.0
stop (btau)

C.. A, X analysis, A+ LL/RR
CJl. A, X analysis, A- LL/RR
C.1., dimuon, destructve LLIM
C.1., dimuon, constructive LLIM

- C.1, single lepton (HnCM)
Compositeness 0
4 5 6

L\

Bl
N

MBH, rotating, MD=3TeV, nED = 2, BlackMax
MBH., non-rot, MD=3TeV, nED = 2, BlackMax
MBH, rotating, loss, MD=3TeV, nED = 2, BlackMax
MBH, boil. remn., MD=3TeV. nED = 2, Charybdis
MBH, stable remn., MD=38TeV, nED = 2, Charybdis
MBH, Quantum BH, MD=3TeV, nED =2

2 3

4th

Generation
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CMS: BlaCk hOlES C jggi’ctcandidate

 Large particle multiplicities, large S;
— S; = scalar object p; sum
* S; shape found in 2-3 object events

 No significant deviations up to

----- Mp=1.5TeV,MJ"=55TeV,n =6
--------- Mp =2.0 TeV, M"" = 5.0 TeV, n = 4
----- Mp=2.5TeV,M"=4.5TeV,n =2

-
o
w

Nop T 8
- L1m1ts of M(BH) ~ 5-6 TeV, depending on n;,, O
and gravitational radiation
— Results largely insensitive to remnant/no
remnant
* See also: ATLAS-CONF-2012-038 (BH—jj) & | . CMS Preliminary /s =8 TeV, 3.7 fb"
>10° L
8 CMS Preliminary {s = 8 TeV, 3.7 fb™ b) = :
3 Multiplicity, N > 4 3 [
3104 * Observed é 5.5_—
€ — Background n i
3 Uncertainty B

102

=N BlackMax
. —e— Nonrotating

2000 2500 3000 3500 4000 4500 5000 5500
S, (GeV)

'_".'"-_E, ' BT Rotating

—
III|

4 [~ —+— Rotating (mass and angular momentum loss)
|

I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I 1
15 2 2.5 3 35 4 4.5
M, (TeV)
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CMS-EXO-11-059

Dark Matter searches _ uwmitedommp

ATLAS-CONF-2012-085

T T T T TTTTIT T T T TTTTIT T |]||||||

90% CL, Spin Independent

* DM sensitivity through ISR 107  90% CL, Spin Dependent

. ; 5,10#F - SIMPLE — Picasso 4 XENON100 — CDMS
recoil (photon or jet) el - ODF.0B, o0, —CoGeNT - - CDF, D5, €= i,
= - — CMS (51b™), D8, 3~ v, ~ CMS (5 fo™), D5, q@—> v(0) .

— Z(—vv) + X, W(—lv) + Xmain §o=}
backgrounds 2107 \\J,/

— ATLAS, D5, qo— v (xX)

Dirac

O, f e
— Spin dependent/independent 212
DM interaction considered 8 ool ——
separately 2 10, rrins o0 o160,
— Also sensitive to Large Extra I e
Dimensions (ADD) :g & =7 Tev, [ Lot =46 10

- |ATLAS Preliminary
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ATLAS general search

ATLAS-CONF-2012-107

* Did we miss some channel we never thought of?
* 655 exclusive search channels

— Multiplicities of e, w, v, j, b, v (MET)
° LOOk for deVIatlonS g107 IIIIIIIllll:.lts)law}a:wzloﬁ(ésllg_rgvl)llllllll.llell;a:'EI'rl"llssI;"I‘ela’:,l;lllllll]i;t|;7lf;||III
Ll>J 5 =Mult|t]et
n Meff for each class 105 =%§§5 | ATLAS Preliminary
- Me e = Scalar ObjeCt 124 S v tete __ Event Classes (5 labelled)
Pr sum -
* P-value distribution g 5

--------------------------

L1
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JetTauEtmlss Stream

ILdt_4.7fb'

ATLAS Preliminary
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Conclusion

* This has been a lighting tour of recent LHC results
— Mostly released in the last two months

— Even then, only a small fraction of all results have been
shown

* The flood will not stop: with up to 20 fb! or more at
Vs = 8 TeV plus p+Pb runs, expect exciting new results
for many months to come

* The new resonance (Higgs?) will certainly keep many
busy for a long time yet
— Measuring its properties
— Impact on non-SM searches?

* Non-SM physics is proving hard to find!

- i\l/lellsses of new data and energy upgrade in 2013 will surely
S
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Tile calorimeters
LAr hadronic end-cap and
forward calorimeters
Toroid magnets LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker

ATLAS
Pixel, strip and straw
LAr and scinti

Superconducting Solenoid
Silicon Tracker

Very-forward
Calorimeter

Calorimeter

Conipact Muon Solenoid
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