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Prelude
The foundations: a very quick tour of pp

collisions at 7 TeV

¢ Strong interaction physics (jets, QCD); Electroweak
signals (W/Z production & properties); Thetop quark
(still there)

Searching for New Physics
¢ Bread-and-butter searchers + Tevatron checks
¢ Whereis SUSY?

The 2012 run.
¢ More data (lumi?); higherenergy?

Summary
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In a nutshell (1) -

At 95% CL.:

*

ZPW participants are aware of the fact that the LHC has had a
spectacular year, breaking luminosity records and all expectations

Most people are aware of the incredibly successful operation of
ATLAS and CMS

Standard model (SM) of particle physics reigns supreme in pp
collisions at 7 TeV

The mass of the SM Higgs boson is not in the ranges M<115 or
M,>128 GeV

¢ Rp-conserv: gluinos, 1sY/2"d-gen squarks, not lighter than ~0.5TeV
¢ There exist no new resonances with mass <~2 TeV

There are no spectacular signatures from objects of mass ~few
TeV decaying “democratically” to lots of jets, MET, leptons....

¢ Most of the information in this talk is already well known
¢ Standard model of human behavior reigns supreme in pp

collisions at 7 TeV (some level of worry has set in; still in control)
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In a nutshell (I -

At 100% CL, all the reasons for building the LHC are still
there, intact:

¢ The WW cross section regulator is still missing. (S)he must be
there before we explore fully the 1 TeV.

e Old name: “LHC no-lose theorem”; new name: “not finding the
Higgs is a major discovery”

¢ Any (reasonable) My unnatural; Higgs needs its own regulator

e Old name: SUSY; New name: SUSY; its main prediction is (so
far) vindicated ©

e Old CW: SUSY around the corner; New CW: she’s in the third
generation (stop, sbottom)

¢ Other stuff: = 3,5- -
e Extra-dimension physics, new gauge Wk :
bosons, leptoquarks, fourth fermion 2f .
Generation, quark substructure... ”:: E

Still huge space of unexplored physics n,s_.s_ \ / L-_
The best has yet to come —read on. o 'ﬂ'ﬂ"'*ﬁ"ﬁ'ﬂ"”1m”f@;]3m

Mastercode
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LHC(t)):

Great expectations



“Turn on the LHC and find Hi

= ATLAS and CMS were designed to do this; they were
“guaranteed” to find the Higgs — period; right away
¢ In fact: SUSY is strongly produced, so will be observed first
e Forthe “impatient”: join SUSY physics group

g— t,t U — %8 +u Cjets, B =119 GeV)

“ s 83 b
B I AR
¥ +b (e E =S36GeV) b ¢ jet2, E_=320 GeV)
Many hard Jets W
[ a5 E; =380 GeV
Large missing energy

e 2LSPs
¢ Many neutrinos

Many leptons
In a word Spectacular!
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“Turn on the LHC and find Hig-

ATLAS and CMS were designed to do this; they were
“guaranteed” to find the Higgs — period; right away
¢ In fact: SUSY is strongly produced, so will be observed first
e Forthe “impatient”: join SUSY physics group
e Forthe “patient” ones: join the Higgs group

The LHC can probe 2 cus.som” DS
the entire set of £" R
“allowed” nggs mass %20 o ,-"'; © Tota sencanee
values; z -
¢ in most cases a few Por [

months at 10%3cm-?s-t ALK

are adequate for a 5o 5-\?*\

observation _ o o

300 8020
e\//c
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Turn on the LHC and find Hig-

ATLAS and CMS were designed to do this; they were
“guaranteed” to find the Higgs — period; right away
¢ In fact: SUSY is strongly produced, so will be observed first
e Forthe “impatient”: join SUSY physics group
e Forthe “patient” ones: join the Higgs group
o Forall others:
e Forthose who like smaller analyses: join the Exoticagroup
e Forthose who like finding something:
> QCD, EWK, B physics, ...
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LHC(t,+At=2yrs):

Foundations established
a “tour de force” of SM measurements



Jets

LATLAS

EXPERIMENT

M, = 4.04 TeV

P;1=1850 GeV,
n= 0.32
P2 =1840 GeV,
n=-0.53
20 30 100 200

“walpblpfe o

To probe the hard s
¢ Thehard scatter: jet
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W/Z at 7 TeV: (still) clean & beautiful

Z — electron + positron

CMS Experiment at LHC, CERN
CMS * Run 133877, Event 28405693
il Lumi section: 387 =
. Sat Apr 24 2010, 14:00:54 CEST / NS
\
\

Electrons p;=34.0,31.9 GeV/c 4
Inv. mass =91.2 GeV/c?

/ W — electron + neutrino

A
N
-
] '\/\7 : 4 > . v Run Number: 152409, Event Number: 5966801
5&\}%( AT LA S S S Date: 2010-04-05 06:54:50 CEST
12 N :
,@EXPERIMENT : |
W-ev candidate in
7 TeV collisions
p,(e+) =34 GeV
nle+)= -0.42
miss = 26 GeV
M, =57 GeV
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W/Z production (+LHC-specific

[

10
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8 ol ATLASPreliminary o smwzouns7ien Excellent agreement between
§ s Jrazrant - Qemprem data and simulation
T - I 1f + single top . .
20 ==Fhil E Good agreement with
i Mo NNLO+PDF theory predictions
150 i
1o0F- ~4.3 M W—pv N
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E - . _ i
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E F | o data2011Ks=7TeV) mm total uncertainty i
230000 ATLAS Preliminary Lz eeogen = exp. uncertainty
~ C CIW-—=1v ]
.§25000; Statistical errors only G V- ev B A ABKMO9
t= = MC normalised to data Etzf—t?:glemp - v JRO9 L
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C | Ldt=1.02fb" ] A N I B I
15000:_ '[ Electron smearing _: 9.5 10 10.5 1
r derived from data 7 G:T f U;:r.
o L—oee 264k Z—ee “ :
5000 . Move to “new environment”:
T .. . o o(WH#Es(W-) (1.4
070 80 90 100 110 ( ) ( ) ( )
M, [GeV] + W polarization
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W production: charge asymm

Split samples in n; fit W*, W-.

x10° CmS
I

36pb’ at\Ns=7TeV

| | | | |
125 a) e* p,>25Gevic T b) e~
ml<04

gar
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] W*—}&*\-'_
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[ @ = M2, ratio to NNPDF2.1 |

Lepton charge asymmetry

hhhhhh

measurement
already %
Improvesd,u,q-
bar PDFs by

>40% e el

102

|E| This image cannot currently be displayed.

0.3 - \"S=7 TeV
0 ) 2 s
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CMS (W—> puv) 36 pb
LHCb (W— uv) 36 pb™

L K

0.3,

ATLAS (extrapolated data, W — Iv) 35 pb™

MSTWO8 prediction (MC@NLO, 90% C.L.)

EEEE CTEQ66 prediction (MC@NLO, 90% C.L.)

m HERA1.0 prediction (MC@NLO, 90% C.L.)
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ATLAS-CONF-2011-129 I
LHCb-CONF-2011-039
CMS-EWK-10-006 (aXiv:1103.3407)
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W/Z + jets

= Background for top and new physics; especially at
high p(WIZ); each jet “costs” ~a.

= 1[}3 ) T T T T —

.. i ) i E ILm=33ph" u:g:tﬂm . TUE

= Jet multiplicity and p+ distributions § 1| ¥
+ Good description by state-of-theart g 'F (S BLACKHAT SHERPAS
QCD NLOcalculationsand LO multi- 3 ATLAS Preliminary 3

parton generators

W+jets _ Z+jets
10° — g 10F ! :
deT 33 bl W :1;;5'1:1]{ . ﬁ 05: ATLAS Proliminary —e= Data 2010 Wz =7 TeV]
E - 1a, 5a7 Tel-] - 2y (- 1+ jets (Alpg }-
= R I =[P
Ew_';;ng % 1055' ﬂ-l'lt'lkl]'ﬂlsﬁ 04-wwzzz -
Ez o @ 306 [ W) ets ]
LT 1 10‘ - Bl 2= ) + jets . E
-smgrt.- fop 3 E ]
Jﬂ.ﬂ.ﬂﬁ Prenmlnar}'—c .I 03 ;!" - Statistical Emons Cinly _; gﬁ
— g
F %
50 100 150
Second Jet p_[GeV]
>0 21 22 23 =24 25
Inclusive Jet Multiplicity, N, 5
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LHC-specific: W polarisation in pp

Product _ .,

L B LA s s e e ey - 60077
o cms;;renmmary L= IBpr1@|'.-'TeV I___ I o CMS;reliminilary:l.=|35pb'1@l?Te\" I . .
¢ Valen 'f:_} B 5gplfi-f5=0-240-0.036(stat.)=0.031(syst.) 4 ation
ff ¢ £ 5 f,=0.18320.087(stat.)-0.123(syst.) ]
elfec @ 400 @ 400 .
Initial 300 1 amounts
t ]
a‘ pp 200 ]
’ 1
—->Wsp 100 :
:I:::E'f: - -
CMS z-dir Db E
-_— nu ] l"’ 1
- E
¢ N
VVas | )

(f - f )+—0310+0040
f, =0.171 + 0.130

" 1 Preferred i } 06 08 1.0
n.z%i . cos(6%)
W+1jet dominan 85 asai s 655 0 0 6y 2.8 Neasure
at LHC (not a reyinnaut uiayiainy T fL_f“ utrino) o
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The most complex SM signal: the top

let:
pr=61.7 GeV/c
n=138
Muon:
p,= 64.4 GeV/fc-_
n=0.29 - let:
py=135.9 GeV/c
n=0.79 7|
Missing Eg: | =~ R AT LAS
65.9 GeV 3 .7 f,/ | JLEXPERIMENT
E_._,-"d-- 5 "."I Lym Bk 1G0AE '.--': '...'1h| .'1.I'.'-..'
Jet: p,; 51.5 GeV/c
Pr= 61.7 GE‘ulrft n= -0.12
n=0.81
CMS
Run: 163480
Evenl: B1224410
muon+jets event electron+muon event
HCP at Paris, 14/1 172011 3 Tae Jeong Kim
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Top physics @ 7 TeV

i CMS Preliminary, s=7 TeV
i 45 ) 0 Q &
: A 1 S -
; = = = =
5 : !. E »
B ] = = = CMS 2011 combination 166+ 2+ 11+ 8
- i r4 r4 od TOP-11-024 (L=0.8-1.1/b) (val. = stat. £ syst. £ lumi.)
| i I |
b ™ * u CMS e/p+jets+btag 164+ 3+12+ 7
TOP-11-003 (L=0.8-1.1/ib) (val. = stat. + syst. * lumi.)
CMS dilepton (ee,up.ep) 170+ 4+16+ 8
¥ TOP-11-005 (L=1.1/fb) {val. = stat. + syst. + lum)
Seandary Werlon Maas | Da'
0 240=——"7T 7T 1 7T L L
S 3 Jets ATLAS Preliminary -» Data2011,vs=7 TeV S —
L ’ O We+Jets B Other EW TOP-11-007 (L=1.1/fb) (val. = stat. = syst. % lumi.)
1600 H
12000 u o+ Jets 3 Jets e + Jals P :
; 4 Jets -5 Jets b 4 Jets -5 Jats CMS dilepton (u1) 149+24+26+ 9
TOP-11-006 (L=1.1/fb) S (val. = stat. + syst. * lumi.)
[ Approx. NNLO QCD, Aliev et al,, Comput.Phys.Commun, 182 (2011) 1034
@ Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
1 Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097
- C—INLOQCD
5 ' l l " |
I n ' { 0 50 100 150 200 250 300
(a] H’I’tt’% 1 JI-HiH# HF"“PF*"’ h M#}*M‘H& 1‘|’|HH'H’ i
S osE . | R o(tf) (pb)
& 0 20 40 60 80 100
Likelihood Discriminant
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Small, tricky signals as well

g I q i
t
b
b W=, o

t channel: 63 pb Wt channel: 10 pb

Single-top production

CMS Preliminary, 36.1 pb'\s =7 TeV
LA LI LA BN BN BLELELE BLRLELE BLELELE BRI B

&9 - e '
E noE E -:ztlfannel 1200/ CMS Preliminary,\s = 7 TeV
= - J Os-channel C 2.1 fb7, ealep/up
L 60 ] Otw B
- 1 O¢ 1000 n Bz vjets
50F 1 @W+light I othar
. 1 @mwc P
- 1 Bw+bb
40 - | EMW+cc ~i
u - lDiboson -
30 — W Z+Jets =
: J Cacp z
20} =
10 -
0-1 -0.8-06-04-0.2 0 0.2 04 06 08 1 1 jet 1 tag 2 jet 1 tag 2 jet 2 tag
BDT output
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Standard model in pp collisions @ 7 TeV

Understanding of SM processes at level of Tevatron
experiments.
¢ Letthe search begin.

[Pb]

Production Cross Section, o,

10°

104

102

10

—

—
Q

CMS
- L cMs 95%CL limit ’
E_ ' Z ! g § CMS measurement (stat®syst) _§I
[ 5211 '_O_E theory prediction _
= 22 o E =
SR = R U =
E 23 0= : Z’Y '
= . HE o SN -
C - =3j : — -
[ = e W -
E ! —§— >4! L g WZo - =
= ' : ' =27
E ES > 30 Gev | E{>10GeV | § Vo T
In™|<2.4 | AR(r)> 0.7 : : ' I
E 36 pb’ . 36pb! 1.1 b 1.7 o 3
JHEP10¢2011)132 PLB701(2011)535 CMS-PAS-EWK-11-010  CMS-PAS-HIG-11-015

CMS-PAS-EWK-10-012
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LHC(t,+At=2yrs):

What about new physics?
Good news from the Higgs
“Bad” news from the searches



Scale of New Physics = F(M,))

V(9)
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Zooming in: some go

« At 95% CL: there Is new
physics at a scale below

the GUT scale © d

S

LO

@ [TT (@)

g ‘_é v H T T T T [ II_ -

8 " F ] ©

S S[E & T

g3 § - @

E-Y e N = =

5 I3 & - =

WS i O

2 - . >

£ S I allowed LL
8 S, s, region
Higgs mass M, (GeV) Fevobiendlvon oo

100 110 120 130 140 150

M, (GeV)
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Where is the new physics?

Searches for signs of
exotic New Physics



Many (many) possibili-

Compositeness; new contact interaction(s)

Exotica:

¢ Leptoquarks

¢ New gauge bosons (W’,Z’) — or resonances

¢ Fourth generation (b’)

¢ TeV-scalegravity: Black Holes; mono-jets; mono-photons; UED
e Universal Extradimensions (diphotons)

Supersymmetry
¢ Squarks and gluinos
e Decays into jets and MET plus 0, 1 or 2 leptons
e Decays into photons (GMSB)

SUSY-based exotica
¢ Long-lived particles

The totally unexpected
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et2 p. = 935 GeV >
p.r

Jet searches (resonances, contact intrctn)

> A Jet1p. = 1.099 TeV

1 d iy
. N
4 =

Run 144112 Event 1189490855

0.7 —+— data CMS =
L QCD prediction \[§=7Te‘ 36p b 1
- B Theory uncertainty |
S A=5TeV L =36pb
i M. > 2.2 TeV (+0.5)
0_6 — R i
S N
L =1 ____-___ _ _ __ ___ !

1.8<M, <2.2TeV (+0.4)

BSM searches at LHC

Jan 09-12, 2012

i i
M.~2.05TeV 0.5 |
Y __.E~ | | I ——
g T e e L I I j : I ! 1 _+__i_
© 10° : —s— CMS Data (2.9 pb™) = .
Q] : — Fit 7 0.4 1.4<M, <1.8TeV (+0.3)
9 1 0° e [] 10% JES Uncenainty - | p— .
-E A QCD Pythia + CMS Simulation 3 - 1.1 <M, <1.4 TeV (+0.25)
b, --—— Excited Chuark '_"'— p— Ay
% 102 g *.\ —— String Je=TTeV _? 0.3 | 0.85 <M, <1.1TeV (+0.2)
- N ] Fa __ _
© 1U:E ) - <2340l <13 E: B 0.65 <M, <0.85 TeV (+0.15)
c \ 8 (1TeV) ] 021\ —
1§qu - W\ EE - : _ 0.5 <M, <0.65 TeV (+0.1)
-I 0—1 e = ¢ (27ev) - - 0.35 <M, < 0.5 TeV (+0.05)
E = 3 __\-
- - 3 01 —
1 0_2 L - : 0.25<M, <0.35 TeV
- . oo s by by oy s by s by oy by e by
10°F q (15TeV) 2 4 6 8 10 12 14 16
E . x.l::aa
1 0-4 E_ 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1
50070001500 5000 Scale of contact interaction
Dijet Mass (GeV) A>5.6 TeV (95% CL)
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(Null) search for W

IIIII|III|III|III|II\|III|I IIIII|II III|III|III|III|I
2107 CMS Preliminary &= oo ? Ms T
; S T 107 L dt=1.03fb Illadulu-d

_[Lm:unn:' - (O]

. * Ne=T7TeV
Ns=7TeV JE— ..\105 Wev e Data
W—ev [

Bl aco

= v

* Dafa
—— W im_=15TeV}

2011 update:
1.03 fb?t

200 400 600 800 000 1200 1400 200 400 600 800 1000 1200 1400
M, [GeV] M, [GeV]

Figure 2: Transverse mass distribution (left) and cumulative distribution (right) for the electron

7
T | T 1T | 1T | L | T 1T | LI | L | T 10 T T L | T 17T LI I-l I. TT | T 1T | LI | T
> CMS Preliminary BEEw-puv % Clﬂhi Preliminary
_[Lm=1.|3 ' =:"""‘ZZ O10f II_ dt=1.13" I"“"’““’"‘1
« singls-top
Ns=7TeV B aco x \s=7TeV R
A10° ,
W' —pw w Wopw

2011 update:
1.13 fb1

overflow bin

200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400

M, [GeV] M, [GeV]

Figure 3: Transverse mass distribution (left) and cumulative distribution (right) for the muon
channel.

B 1 T LI LA 3
o [ - 95% Observed Limit Electron 1032 pb’]
~  [-CMS Preliminary| 7
= imi n 5 -
> s =7 TeV 99% Qserved Limithuon 1138 P51
;_ 95% Observed Combined i
N _
Lo [o —— —  95% Expected Combined _
T ical Cross Section 7
o
m
©102

I — L1 L1 L

3 L1 [
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W' mass (GeV)

Combined (SSM) limit:
M(W’)>2.20 TeV obs
M(W’)>2.27 TeV exp
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(Null) search r
arXiv:1012.3375

= Expectlots of activity in the event, so

¢ Use S;=Sum E;of all objects (including ME;) with O S ;
E,;>50 GeV. - ;
QCD,PEIBS :
A candidate event with 10 jets and ST = 1 3TeV = |
- -
m ultlp| ] mﬂgm :;
* Q\ffpeci - ,....:1:0351529‘5,‘594 3000 4000 500])5
Inv. Mass (GeV)
= Use N-=
multipl 3.5-4.5 TeV
classical
3 of <imation) _
= \ CMS, 35pb"
= 3; ~ } . ) Jg=7TeV
17 cm,c
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Top-antitop produ_

« CDF/D0O measurement of
forward-backward
asymmetry : ~30 deviation
from SM expectation

« At the LHC:

Aﬁ'

0.8

0.6

A t

0.0

-02

04+

02+

| = 1t parton-level

CDFdata 5.3 fb"
— # NLOQCD

450 GeV/c? M;

— q
[ [ P BN L L L L L L B
g w b, o
LHC ‘ ;?‘II:I . % 1200-AR*= -0.004 + 0.009 =;ingle_t0p
P 1000 ; l+jets EW-iets
F 0.010
800 Al = —0.016 £0.030 (stat.) "0 (syst.)
°00% Al (theo.) = 0.013 £ 0.001
400f ¢
L 200[ No asymmetry
4, = NG > Jrl) = N(i < | - ... . peyond SM
N(nel > |ml) + N(me| < ) " observed
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Supersymmetry



Supersymmetry: TO“E” a_

« The beautiful part: minimal price (one new principle
plus an unknown SB mechanism)
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Supersymmetry: TO“E” at the Weak-

The beautiful part: minimal price (one new principle
plus an unknown SB mechanism) yet it achieves quite
a lot:

+ No fine-tuning (largeradiative corrections cancel)

¢ IfLightest SUSY Particle stable: offers “natural” dark-matter

¢ Equality of Strong, Weak and EM couplings at ~10'® GeV

BOO_PDmtSUB | I O U A I D O B B
1 60 - ]
I — O
600 B T % —
- \ 40
o [ A @i ot |
? h g
Q 400" 20 |
E ‘\‘ — .
P - With SUSY
200+ L72 _____,?'I_X?'XL o N T T T T T I T T T O O
L TR == . 104 108 1012 4016 4020
-oh B e Q (GeV) —
1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 | — = : U
0 J=0 J=1/2 gK ) g ‘
|
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Supersymmetry: TO“E” at the Weal-

The facts: despite conventional wisdom, SUSY is quite
predictive: it specifies spins & couplings of superpartners

¢ At |least as predictive as the SM (if one does not measure the CKM)

The ugly part: one unknown SB but 500% increase in
number of parameters (MSSM). Unfortunately, nothing about

the masses ir,do| ar | dr |éL, oo| ér | BT, S, BRY| B° | T 0°| §
Q [U[D] L |E H B W |G
Mg |My|Mp| ML, |Mz| Ma |Ms| Mw |Mc

¢ End result: large space of signatures, dependent on models
Even MSSM-124 is tough. Hard work to study particular

scenario. Reduce complexity: use model of dynamical SYSY

breaking

¢ MSUGRA (gravity-mediated)
¢ GMSB (gauge-mediated)
¢ AMSB (anomaly-mediated; studied in less detail)

P. Sphicas
BSM searches at LHC

Zurich Phenomenology Workshop
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SUSY: what we do not know

ir,de| ir | dr |ér, o] ér | AT, RS, BY| B° |0 @°
> [U1D] L [E] H B[ W
Mg |Mu|Mp| My |Mg| Mm |Ms| Mw

:-:#
Ej“\ iy | E=T

Agnostic approach: consider all possible mass

hierarchies: there are 9! = 362880 of them

¢ ME;: 4x8! (161,280) cases, LSP=weakly-interacting, neutral
particle; phenomenology depends crucially on mass hierarchy

¢ CHAMPSs: 8! (40,320) cases, LSP=e (charged, color-neutral);
signature: CHAMP (independently of hierarchy)

o R-hadrons: 4x8! (161,280) cases, LSP=colored object; again,
Independent of hierarchy

arXiv:1008.2483: “How to look for
supersymmetry under the lamppost at the
LHC”; P.Konar, K.Matchev, M.Park, G.Sarangi
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SUSY search with ME-: sumn_

No signs yet. But all analysis methods in place; now

need more data (2011!)
CMS preliminary L —35 pb‘\/§ 7TeV

— 400 T L T T T | [
% 9(800/G6V - CDF 8,4, tanp=5, u<0 |
g 350 Atlas Jets[;r_l_\gET N DO 2,7 tang=3,u<0 |
o SR Rax T
£ [ — |:| LEP2 T _
300 ... 7 < -1 Corner
......... et SO N ) tan=10, A =0,u>0 _
'''''''' , 1 o] around
2 B3 00 e — :
] i B o T| which
~ -t . “‘ ’0‘ “‘ JetS+M HT ]
, . . ’ 11 SUSY
200 O . \0 '\' “- ...... S vV_ .
S0 N VRN e, 7 | would lie
TR / ot . -lag 1 " CN\gmee, L e ——————————
150 m m ” \\ HH

T”1”“‘Wm | f ”‘\
Transp from M OO

\HH
m, (GeV)

March 2011
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In brief: SUSY moving furthe

Simplified model: two squark (q)
generations, m( /,%)~0
m,>800 GeV m_ >850 GeV

Equal mass case: m, m >1.075 TeV

MSUGRA/CMSSM:
tanB=10, A,=0, p>0
Equal mass case:
m,=m, > 980 GeV

Squark-gluino-neutralino model (m b= 0 GeV)
0

20 MSUGRA/CMSSM: tanp = 10, Aoz 0, u>0
— H LR 1 1 — A A
:';J H I !I ATLAS Pre"mmary = ATLAS Prellmlnary 0 lepton 2011 combined
0 H L 0 lepton 2011 combined ) it A -
—_ 1750 i = : e CL, observed 95% C.L. limit g L7 -1, ‘E4E|f:b2 x\s 7Tev - gt: Obes;rwd 95%}%%{ ||_l‘tnlt
; \ === median expecied limi
% " i\ aaas CL, median expected limit 9600 | ) Dog g tanp=8,1p<0, 24 &' exp. limit 68%, 99% CL
= iy i oxp. limit 68%, 89% CL = I CDF g4, tanf=5, u<0, 2 fo” %  Reference point
ooy T I Theoretically excluded —— 2010 data PCL 95% C.L. limit
% 1500 i ! ‘1‘ %, '—— 2010 data PCL 95% C L. limit e Sy -. , . -
& AN L LM-10am ve=7 Tev ] 5001= TR := n
M 1250 N N e B S _
i o 2007 B AR ES | g {120-D) ]
1000 = - 400 e B
E |I - - —r |I -l ] L "_
= - | 3(1000)| 7]
750 | -
300 |- ST T
s - Tg@ooy ]
500 S, R
L9 | L e—— gy
250 2001 aEin
0 | I - I | I - | I | I - I 11
0 250 500 750 1000 1250| 1500 175‘3('3 %900 500 1000 1500 2000 2500 3000 3500
gluino mass [GeV] m, [GeV]
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Constrained M

CMS Preliminary Vs = 7TeV detz1fb1

<~ 700p R
o — 2011 Limits - CDF 3 g g, tanp=5, “<o_
% -==:2010 Limits N DO 7,7, tan=3,u<0_7]
9 tanp =10, A =0, u>0 B LcF2 % E
g LEP2 T -
= Jets+MHT :

SR\Razor (0.8 fb”) Corner

g (1000)GeV]
k 1 | around

1 Lepton

(750,Ge§8 Dilepto

--------- e which
P o 4 | SUSY
ST S T A0 o A OO et i used to lie

.. .

0 200 400 600 800 1000
2
m, (GeV/c?)
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Then again... -

A bit of a self-fulfilling prophecy; very early searches
were guided by combination of “probability of
success” and “obeying the rules”:

¢ Go after high cross section processes (i.e. accessible already
with smallintegrated luminosity ~10-50 pb-1)

¢ Do notrelyon a perfectly working detector: seek robust
signatures with good experimental control of “things”

+ Do notrely on Monte Carlo; “thou shall use the data” (well, ok,
and some Monte Carlo)

¢ Beatthe competition: go after the simplest signatures

We have followed these four guidelines extremely well
¢ (anotherreasonto rejoice—when we set to do sthng, we do)
¢ (anotherreasonto think that thereis much, much more)
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m,,; [Gevic”]

What the LHC has done to/for the C-

With 1fb-! of data the amount of naturalness need has
diminished to “unnaturally” small values [?1?!]

¢ CMSSM being cornered. Not excluded [yet] but looking unlikely
[e.g. “high fine-tuning price of the LHC” hep.ph/1101.2195]

But: (a) effect of g-2 ?! (b) SUSY >> CMSSM

iR - B
L en ‘ﬁ*"‘; CMSSM | 68% CL E :
w56 $'A 1 95% CL & ]
- oz ol s -
|5u:— | ,-? ) e pre-LHC 15]]:
- F — LHC@1fb!t |
Iﬂ:— L - T 1 .-.!_} . ] “I"]-
_ W ‘!4 1 - C - .
sof sl e <3 without s
:IIII|IIII|IIII|IIII|IIII: g-2 :Illllllll|l|||||||||||||_
U B0 1000 1500 00 700 U 500 1000 1500 000 =
. . X M
MasterCode Project (Oliver Buchmiller et al) m, [Ce¥ic]
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SUSY is far from excluded (let alo-

Simple models (e.g. universal soft masses) being squeezed

Numerous other scenarii still very much unprobed [thus
very unconstrained]. Two examples:

¢ Large flavor splitting: very heavy squarks [18t, 2"d gen], light 3"
gen (plus gluino at ~1-1.5 TeV)

¢ Low MEy: not only within Ry-violation; small mass splittings
(would be equally lethal to ME; sighature)

e Could even have all sparticles with mass <~0.5 TeV...

GeV
[ . }1,2‘_ 'ﬁ?»l’g ;;3 20 TeV

10000!.
| ms; S1-+1.5 TeV

IGOOII H. H* A _/ é’
; ——— Cohen et al (96)

ol \ X Barbieri et al (07)

|

mp ~ 200 = 300 GeV s < 500 <+ 700 GeV
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SUSY: we will always have the stop

Only the stop (+sb) need be light [e.g. Barbieri @ HCP 2011]

The key equations: (Gev -
y q 2 mﬁ’ 1800
nmy o 2 oo
Th |l gm?
2 1400 |
)2 [
om? ~ — 3 (3 + m2) + A7) log M /m;
u {72 tp o N h
msf//(/'
S -
2 N L TR W o 0T (R W
57?1{ 371— § ----- t

(to be made more precise in any given SB-mediation scheme)
see, e.g., Dimopoulos, Giudice for SUGRA-mediation, 1995

Mg — My Some incredible signatures...
§g—tt+x pp — gq — tttt + yx
I RLECTEELTES pp — Gg — tttb(ttth) + xx
g — bi(th) + x* pp — GG — tt_bl_)(ttbb) + xX
o b4 4 pp — gg — tthb + xx
oL ITeHX X = XT. X1, X
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First stop searches (

= SUSY will be unnatural if mg,,,>1 TeV: this is a real
challenae for the LHC experiments!

BSM searches at LHC

Jan 09-12, 2012

- - — [ — — — — [E—— J— [— L] v
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First sbottom searches

i~

b,-b, production, '51'—:» b+i?

ATLAS, 2 b tags, MET 2fb.

o Uses co-transverse mass
M3 (v1,v9) = [Ep(v1) + Ep(ve) 2 _ pr(v1) —PT(U2]2 Selection: 2 b-jets, p; > 130,50 GeV
. | - | E mss> 130 GeV, E,mss/m_ > 0.25
(JHEP 0804 (2008) 024,

AD(jet E,m55)>0 4
JHEP 1003 (2010) 030) Veto leptons and 31 jet > 50 GeV
¢ End-pointat

(m(B)? — m(x9)2)/m(b,)

; [ T T I LI I L I LI é LI I T I. I. T !S LI _]
® 350 b -b, production, b,— b+7~C° L. Observed Limit (95% C.L.) <
0] C T e CL, Expected Limit (95% C.L.) -
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> o T T T T T I T [ T T e e e S 300 - CL, Expected Limit +16 B
& [~ ATLAS Preliminary T e Data 2011 ] E C Bl CDF 265 o ‘.. £ 10 NLO scale unc. -
& I ' %4 SM Total ] F [Jpos2ib! i :
a aof IL dt~2.05fb" Ns=7TeV + [ top, Weht 250 [~ L .~ ATLAS Preliminary —
g *VF T % ’ 7] » Nt .
£ [ 2jetexclusive, Mgy > 0 GeV : Bz C o %, IL dt=2.05fb"\s=7TeV ]
w X | ] others - 200 — ii‘\o"."‘ e
- —_ ~ -~ — - A.* .|
30r -=--b300,%° 100 GeV | - o }r‘o H
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Recently: use of simplified

CMSSM

What we see:

5 0 —— Pair Production_lGo‘; 2@ .
1% o8 BT much simpler...
B 0 [ O\ b Ga, / aa.
ss2 [ 2% QN = </ s g =
RN - O
ﬁR 536= J~ A . 536 :13036,
ﬁ v 77 b, ==~ 510 14% (> W)
; y Tp e 165% 3 |
- 8.3% / 1407 7 '{' 1 u
R40 363 / 1 1 B
X2+ KL )j; — I m}
. /17 13%
X30 !I‘ ’ 0 /
34
(z2}) 43%
175 / ¥ (21) 86% of all hadronic
— ~ ! "~ 3(1 production in LM1 consists o
98% | X of “simple” decay chains.
164% (5]) f
(=1]) f 8.7% This makes it particularly
! 61% 83% amenable to being
A Bl approximated well with a
l i ‘ 3-particle OSET.
964 ¥ W V¥ v/ f)v(lo , o
Simplified Model Spectrum (SMS)|
. . 5.0
with 3 particles, 2 decay modes :
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Simplified m

« Effect of varying MLSP:
RED: MLSP:O
Green: M sp=195 GeV

Direct decay,og = qqqq‘.;;-'}gﬁ'

L e R R A I R L
3 ATLAS Preliminary
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Simplified Model Spectr-

Started with squark
and gluino pair-
production
topologies

Limits are “best of

o
CMS preliminary

Ranges of exclusion limits for gluinos and squarks, varying m(y")

N” searches (usually  ™|;; 4+ guino
. . g—
not a combination) o
. 11", k
Black lines are QCD- o [0 4
like cross sections TEPPED 1) 1 -, gluino
g—00x
Theoretical T [
uncertainties like ISR v |77
simulation important =~ ™568 4, gluino
G7q9X2 1X
(under study) o
. 9—qq%s | '
M(gl ul no)>O.4-O.5 TeV 0 200 200 1000
- Mass scales (GeV/c¢”)
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LHCb+CMS: B

= Power of the loop; + double ratio hep-ph:1108.3018
BR(BS — .Ur_l__,']._) CMSSM - tan =30, A =0
BR(BU — Ty) I‘[;;S‘[,E”E o2

BR(D; — Tv) |Vip|? w2
BR(D — pv) N
g
. —— 500 1000 1500 2000

0 o P —
1 B, signal window | . [ charged LsP
t--{ B signal window

[ Q0

[ Rl ] b | t Z0H0R0 | n W Figas
o : und + SM) -] Bs \NJ',HJfI

[ 1+ i i I

L o t +
04 | S "

Candidates / 0.025 GeV

- - |+
02 [ - - t,c,u |d I|v
=== A N R | P - s(d)
Y 5 52 54 56 58 _— I~
0 my, [GeV] 15 WX
BR(BY — ) [107] 500 1000 1500 2000
m,, [GeV]
Observed limit: BR(5” —uu)<1.08 x 10-8 @95%CL
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Heavy Stable Charged Particles

Both in SUSY and other SM extensions:

¢ SUSY (split SUSY: M(gluino)<<M(squark) = long lifetime; GMSB
models: stau NLSP, decaying via gravitational coupling only...)

¢ Other: hidden valleys; GUTs; ...
Two types of signatures: MIP & strongly-interacting

MIP: HSCP passes through R-hadronstraversing material
tracker & muon chambers can flip Q or become neutral
dE/dx: Massive, charged (Out-of-time) Jet: particles
particlestraversing detector: stopping inthe detector and
highlyionizing tracks (tracker, decaying — possibly out-of-
possibly muon dets) time with the collisions
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Heavily ionizing

= Mass estimate from approximate Bethe-Bloch: I, kM e
¢ Kand C determined from proton data '

_ K=2.58 MeV c?/cm
- 0
e Mass resolution: 12% at 300 GeV C=2 56 MeV/cm

« Cut on lyg (MIP compatibility) & pt(las, P7: Uncorrelated)
Bkg {#paf.s l.. unly]ll:# pass po unly}

E : T “I T 'k 1 I T 1 1 1 I 1 :

i = B Tk & arky -

#Fﬂ_[l I.lL'i nPT P | Theoretical Prediction e e ]

10 B phuine (HLOHLL) e o .

CMS Praliminary WE =778 1051 ph g - slop [RLO=MLL) —fr— giuing; 1% gE ch. super g

2 ooy - B owss s o) S .

51[}4 . * Do B == OMEH v 7]

SO N Outwimacdpredetion 1= ~
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107
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10 al . A C ]
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Mass (GeVic?) 500 1000 .
Mass {GaVic®)
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Stopped gluinos

Slow (B < 0.4) long-lived gluinos hadronize into and
then stop in the dense material of the CMS detector

¢ Theirnumber builds up with luminosity: Theythen decay us,
Countin experlment and time-profile analyms are performed

T _ :IG'"G E'EE!D + 15l 214 ‘IE' 'IEIIII Iﬁprl'l I ) =
1.4 _— jirg G'U'IS I:Ia"a 1IIS 1711~ 133:} = 2 | CMS Prelimirany 2011 95% C.L. Limits:
Signal PDF [t = 1 ps) — 10° i --- Expected: Counting Exp.
12 7 ct& .J" ot = 800 0 I Expscted « 1o Caunting Exp
T 1 L HC F | " . é : |-.T:.' = 1.3 107 emde’ - E:;?;::ZT] :g;;nc':lrgtér;%.ﬁﬂ. _
1 — E noWE=TTeY --- Observad: Counfing Exp. (EM anly) ;
i 1o 10 [, M- M. =100 Gelic? — Observed: Timing Profila Y i
0.8} . é ¥ &
0.6 — T R NLO+NLL (m_= 500 Gelic") - ) ]
- - [« — =
(=
0.4 ERCER] | (uu)
0.2 ' ]
Spe°? 1 |
. u L 1:‘:‘._ | il Jr , | L s n i A 5 i o
e' 0 500 1000 1500 2000 2500 SDGD 3500 107 10* 10® 10 10® 10% 10" 1 10 10° 10* 10t 10° 10°
J BX T [s]
A
absence of o \Ki
b e am spectator quarks
A;}H — gu(un) — g x} u(uu)
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A dizzying array of (null

I'SSM I

I'wl

GKK Il k/M = 0.1
GKK vy k/M = 0.1
GKK Il k/M =0.05
GKK yy k/M =0.05
W' v

W' dijet

WR, MNR < 1.0 TeV
W'— WZ

plC

Mb’, b’ = tW, [+jets

Mt, 1 = tZ (1007%)

Mt', 1" = bW [100%), l+jets
Mi*, t' = bW (100%), I+
gluino, HSCP

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP

Ms, vy, GRW, nED =2
Ms, pp, GRW, nED = 2
Ms, yy, GRW, nED = 6
Ms, pp, GRW, nED = 6
MD, monojet, nED =2
MD, monojet, nED = 6

MD, mono-y, nED =2 Exira
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Heavy
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Axigluon/Coloron

q”. dijet
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LHC running in 2012: 8 TeV [-

Enhances physics reach in two ways:
¢ Highercrosssections for new physics over full massrange

Higgs: pp > H, H> WW, 2Z & yy
mainly gg: Factor ~1.2

SUSY: 3" Gen Mass ~ 0.5 TeV
qq and gg: Factor ~1.5

SUSY: Squarks/Gluino M~1.5TeV

qq,99,q9: Factor ~4.0

Z': Mass ~ 3.0 TeV
qq: Factor ~3.5

100 ———r

WJs2011

[ ratios of LHC parton Iumlnosmes
[ 8TeV/7TeV,10TeV /7 TeV
L and 14 TeV /7 TeV

luminosity ratio
o
T

eI :f =T

sy
A
‘/ /’
R
/ s

SUSY, ”
34 Gén /

- - _{_500/

i

/SUSY )
squarks/GI :,‘r
uino i
~15Tev /}

=
AP

/};’f( ]
~3.0 /'!/e’v

or

MSTW2C*18NLO

1000

M, (GeV)

¢ More integrated luminosity
e @8 TeV: 10-16 fbt expected (25/50 ns bunch-crossing)

P. Sphicas Zurich Phenomenology Workshop

BSM searches at LHC

Jan 09-12, 2012

51



Summary



Summary and Outlook -

LHC and experiments’ run at 7 TeV truly impressive

+ By now the detectors are fully functioning scientific
Instruments: physics-producing engines

With ~40pb-! the LHC observed all particles of the
standard model (indirectly, even neutrinos)

+ Solid basis for understanding the “background” to searches at
higher mass and transverse energy scales

With 5 fb-* we entered a true discovery era. With 10-15
fb-l: discovery [no matter what]

¢ “SUSY” explorable over very large area with 1 fb-1; possible
new resonances. Verylargereach for other new physics.

¢ Butnobody said it would be easy. We have to start looking
hard for the morecomplicated scenarios.

¢ Perhaps unificationshould startin the physics[search] groups
Thankfully, there is also always the anthropic principle.

+ Anthropically, history repeats itself © - we should find
something unexpected!

The journey has only just started!
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