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How to search
for a new particle



Interesting processes are rare!
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There is no Higgs-boson detector!
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Step |: find events with the right ingredients

We are looking for e*e-p*p-...

Is this event ok?
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Step |: find events with the right ingredients

We are looking for e*e-p*p-...

What about this one?
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Step |: find events with the right ingredients

We are looking for e*e-p*p-...

And this one!?
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Signal and background

9
Irreducible background Reducible background
The final state is exactly the same, but it does The final state looks like the same, but some f
not come from the particle you are looking for  the particle fakes what you are looking for
+
fake e
q g M
Z

q g -
fake e- H
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Selections

CMS 7 \s=7TeV L=4.7fb
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Step 2: reconstruct properties of initial particle

® We have 4 particles...
v ... with their energy (calorimeters), charge and momentum (tracker)

¢ Use pairs of opposite sign e*e” and p*+

2 2
® Reconstruct invariant mass from the 4 particles )] — \/(Z EZ) — (Z ﬁb)

b_

TLAS Simulation -

e m,=125GeV
—— Gaussian fit

H—ZZ*—2u2e/2e2u
\s=8TeV

m =124.23 + 0.01 GeV
0=2.17 £ 0.01 GeV
Fraction outside = 20: 17%

1/N dN/dm
o
o
g

Without Z mass constraint

2u
¢ ¢ ¢ o ¢
p o
&)
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\l\\\\

o
o[

| | | |
100 120 140

My, 261262, [GEV]

(0]
o

Marco Delmastro (experimental) LHC physics



Extract signal from background
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B > 2 . 2 §0.08§ o m,=125GeV
M — E i _ E pz 20_07; —— Gaussian fit

0.06F 1,72+, 2u2e/2020
0.05[- (1s=8TeV)
. F m=(123.90+ 0.03) GeV
0.04f 5= (226 +0.03) GeV
0_035_ fraction outside *+ 26: 19%

0.02F
0.01 F without Z mass constraint

80 90 100 110 120 130 140
m [GeV]

2u2e/2e2u

OO®
OO0

Number of events

‘ Z + 2 quarks

QO®O
O00®
Eete.
100
(2O
QOO0
OO0®0
0000
00
QOO0
OO0

3
I
=

4

Marco Delmastro (experimental) LHC physics



Extract signal from background

r I T T T T T T T T T
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Events in real life do not
come with a label!

No way to distinguish
signal from background
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Extract signal from background

Number of events

is there an excess?

M:\/ > E; g > b :

statistically estimate
background from
“control regions”
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Extract signal from background

¢ Background gets estimated...
v ... from simulation (normalized to data)

v ... directly from data (“control regions”, enriched in background events)

Vs =8TeV f Ldt=20.3fb"

25 7////% Systematic uncertainty
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How significant is an excess?

* pO0: probability that the excess is due to a fluctuation of background
* Significance: S 7

~ — po=1—FErt | —
* Convention: \/E \/§

- 30 isan evidence (p, = 0.27%)
- 50 isadiscovery (py = 5.7.107)
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How significant is an excess?
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Slgnlf‘cance increase with data (and time!)
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Delivered Luminosity [fb™]
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Standard Model Higgs decays
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Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC
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@ATLAS

EXPERIMENT

http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CE%E



“Higgs-like” signals on July 4" 2012 (in ATLAS)

H->vy H->4l

S 2400 g > [
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(%] - ® Data 2011 and 2012 - B _ .
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2013 analyses

“Higgs-like” signals with all 7 and 8 TeV data...

200 H

Y

% AL B | > ||||||||||||||
S - fLdt=45f0"Vs=/ 1ev ATLAS 1 o B
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¢ Signal significance ~7 0 | [ 44 125.98 = 0.42 (stat) == 0.28 (syst) = 125.98 & 0.50
e M= 1.29 + 0.30 H — ZZ1 | 124.51 £ 0.52 (stat) & 0.06 (syst) = 124.51 + 0.52
Combined | 125.36 £ 0.37 (stat) = 0.18 (syst) = 125.36 £ 0.41
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H->4l
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Higgs mass

Marco Delmastro

| | | | I | | | | I | | | | | | | | I | | | | | | | | I | | | | I | |
ATLAS and CMS —— Total Stat. 1 Syst.
LHC Run 1 Total  Stat. Syst.
ATLAS H—yy — 126.02 = 0.51 ( £ 0.43 = 0.27) GeV
CMS H—yy —=— 124.70 + 0.34 ( + 0.31+ 0.15) GeV
ATLAS H—ZZ —4] | = : 124.51+ 0.52 ( = 0.52 = 0.04) GeV
CMS H—ZZ -4l ——— 125.59 + 0.45 ( + 0.42 = 0.17) GeV
ATLAS+CMS yy I—EI—I 125.07 = 0.29 ( = 0.25 = 0.14) GeV
ATLAS+CMS 41 : Tﬁ- : 125.15 + 0.40 ( = 0.37 = 0.15) GeV
ATLAS+CMS yy+41 I—$—I 125.09 = 0.24 ( = 0.21 = 0.11) GeV
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
123 124 125 126 127 128 129
m,, [GeV]
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is it the
Higgs
boson?
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Spin!

What’s a particle spin?

“An amount of rotation
that is somehow
quantized”

An electron has always
an angular momentum of /42 h
either in its direction of travel (+'2 h)

or opposite to it (-/2 h) h = 1.0545 x 103 m2kg /s



What spin do particles have!?

fermions

@ } (quarks, leptons)

spin = +1/2,-1/2

massive bosons

é < G;i }(w,Zbosons)

spin = +1,0,-1

7 massless bosons

Q{Q Q;Q ~ (photon, gluon)

spin = +1, -1

(experimental) LHC physics



What can a spin O particle decay to?

—

\‘L/"'\“&/ - photons

Bl

—

| fermions
J (quarks, leptons)

O=p+@

@'@*Q

- W, Z bosons

30



What can a spin | particle decay to?

0 * W - \'L/ - photons

c-ém

\

J

- fermions

- W, Z bosons

Marco Delmastro (experimental I) LHC physics
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What can a spin 2 particle decay to?

& ¥ & [photons

@ % @ " :'- fermions

Q=0+

- W, Z bosons

4 rb quarks+gluon

~ T leptons



Spin0

Spin 1

Spin 2

© ©
® O
© ©



How can we recognize spin?

spin O spin | spin 2

Spin-0 decays in all directions with equal probability; spin-1 prefers decaying toward or away from the direction of spin; spin-2
prefers the poles and the equator to the region in between.These pictures exaggerate the real distributions for clarity.

Marco Delmastro (experimental) LHC physics
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. . Name Definition
Spin study with H
C1 0.0 <|cosf*| < 0.1
YY polar angle ©* with respect to C2 0.1 <|cosf*| <0.2
Z-axis in Colin-Sopper frame C3 0.2 < ‘COS 9*| <03
C4 0.3 <|cosf*| <04
i — Cb 0.4 <|cosf*| <0.5
cos 0 = Slnh(n)q 7772) sz pT 6 pr’ < 125GeV  and 0.5 < }cos 9*I <06
2 m72,7 C7 0.6 < |cosf*| < 0.7
1+ (P /myy) C8 0.7 < | cos 0%| < 0.8
C9 0.8 <|cosf*| < 0.9
C10 0.9 <|cosf*| < 1.0
:Sé) 0.1 4-| LIL) ITI LI Iél éllrlr]ll.ljllal.{llolhl ﬁrl.éilrlr.]lllr]lél LI I LILBLIL I LI II_- e 0.5 : :
S - . c dat ATLAS Preliminary
20.121 s =8 TeV — SMHiggs 4 % C DA
g - — spin2QCD xg=x, | = 04 — SM Higgs \'s=8TeV, 20.3 fb™
I 0.1 — spin2QCD k=0 _] g - — Spin2 Kq=Kgq
<LE T pYY<1 25 Gev spin2 QCD «=2x, ] K B spin2 Kq=0
i T T 0.3 — spin2 k=2,
0.08= - B
0.06F — - 2 | —
0.04f . 01 =T:|7_‘_ S e
002:_ _: O:— : I
L - B
0O 0.10203040506 070809 1 . 1 E— - e L ——— T
lcos(6%)I
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Spin study with H>4|

= 2
[
. ) g [ ATLAS Preliminary
® Sensitive variables £ :H I * Data 0.12
H = - A= - . P _ A+
v"Intermediate boson masses: m,,, m,, Sy 5l B signal Jf = 0" (1255 GeV)
—_ -1
v Z, production angle: 6 * T [Vs=7TeV, 451 Background ZZ* + Zjets 0.1
P 8 N [Vs=8TeV,20.3 "
V' Z, decay plane angle: @ o f
v Angle between the Z, and Z, decay planes: @ N fr T EEEEESESESEENESEE ==
 Decay anles of negatv leptons: 6, 6 - CiIiEE EREEEZE
ecay angles of negative leptons: , - - = mH
Yy ang 8 P I 2 B - = m N =--
05_ = = N -- --
- | = = . - - - - - - O 06
| = = m H --- [ ] MEEE = '
_ - = mmEEN HEEEEEEEE=
L - = s m D EEEEEENENES D=
ol - = e mEEEEEEEESEG S Ea.
L - = mn mEJJEEEEEEE S S =SS 0.04
B - = a B EEEEEE ST S
- s s m EEEFEEAEEESE B S
B - " m E'E EEEEENES S S S ==
05_ = = @& m H Hel H H B B BN B B m = E =
“U.or -----ﬁ------.----.. 0.02
= = =m H H HeE H H B B B B " = = = =
B - - m = EH E =B E E = - = [ ] - - - -
: - - .- [ ] - -. o eom | | - - - - - - -
_ e e e b ere v v e e Lo Lo 0
10 01 02 03 04 05 06 07 08 09 1
JP-MELA discriminant
g
Tested Hypothesis Plpyu—1 Plapu— =i Pobe Pope’ Obs. CLg (%)
0 251077 4.7-10~ 085 7.1-107° 4.7-1072
0~ 1.8-1073 1.3-107*  0.88 <3.1-107° <26-1072
2+t 43.1073 29-100*  0.61 4.3.107° 1.1-1072
27 (kg = 0; pr < 300) <31-107° <31-107° 052 <31-100° <6.5-1073
27 (kg = 0; pr < 125) 3.4-1073 39-100* 071 43.107° 1.5-1072
2T (kg = 2kg; pT <300) <3.1-107° <3.1-107° 028 <31-107° <4.3-1073
2T (kg = 2Kg; pT < 125)  7.8-1073 1.2-107% 0.80 7.3-107° 3.7-1072
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The Higgs boson or a Higgs boson?

e |

Marco Delmastro

CERN press office

New results indicate that particle discovered at CERN
is a Higgs boson

14 Mar 2013

Geneva, 14 March 2013. At the Moriond Conference today, the ATLAS and CMS
collaborations at CERN*’s Large Hadron Collider (LHC) presented preliminary new
results that further elucidate the particle discovered last year. Having analysed two and a
half times more data than was available for the discovery announcement in July, they find
that the new particle is looking more and more like a Higgs boson, the particle linked to
the mechanism that gives mass to elementary particles. It remains an open question,
however, whether this is the Higgs boson of the Standard Model of particle physics, or
possibly the lightest of several bosons predicted in some theories that go beyond the
Standard Model. Finding the answer to this question will take time.

(experimental) LHC physics
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Many unanswered questions...

Why there are 3 families of
particles? Are there more! VWhy is the top quark so heavy?

068: SLAC 1974: Brookhaven & SLAC 10g6: Fermilab

Why there’s
more matter Are there
then anti- B more forces!?
matter?
How do
neutrinos get
)
mass! What keeps
the Higgs mass
so small?
How do we What is

incorporate gravity!? Dark Matter?

Marco Delmastro (experimental) LHC physics
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. as many possible answers to probe!

Super—symmetry? Extended
Higgs sector?

BN

r-------‘

! l
i Al C ,
o B omposite
New heavy I P
- I quark and
bosons? = I )
- I leptons!?
I
:Any new theory :
A\ T J] need to agree X .
s I with the SM! : Large extra- - v ’

wwwwwwwwwwwwww

e === =2 dimensions? = N

Dark Matter Black holes?
particles? Gravitons?

Marco Delmastro (experimental) LHC physics 40



Events
SCD

©
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Marco Igmastro mee [Tev.

| ' ' T T T T T ' '
e Data 2012
A,TLAS Oz
£ —ee B Top quark
L dt=20.3fb" ODijet & W-+Jets
s =8TeV [JDiboson

Z' SSM (1.5 TeV)
[]Z SSM (2.5 TeV)
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0 o o o ool oo o oo oo o
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Another example: search for di-boson resonances

® Is there something hiding in the data, waiting to be discovered!?

40 e CMS (unpublished) L=19.7fb"at 1s=8TeV
% = 5 r— IS B L O B N L A L A
%) - ATLAS —eo— Data 1 Q . ! : :
pt L 's=8TeV 203" —— Background model 7] 8‘_ Frequentist CL_ obs. (solid) / exp. (dashed)
= 3L T T —15TeVEGM W', c=1 1 — I N— : |
— 10°E ’ 3 T x == : ] —e— Gy, ZZ - ee/up+V-jet u
B = 2.0TeVEGM W' c=1 = g i il . . W
= h —25TeV EGM W',C=1 . (D _____ R — Gbulk—>WW/ZZ—>V-|et+V-|et i
Q 102 —— Significance (stat) _ B & 7 e Gy, > WW > ev/uveVjet |
L = I Significance (stat + syst) 3 T % A\ : o i

— 1 o Combination
- WZ Selection 1 Q :
10 E
1 §_ _§ Sl e (R
107 ‘ Jﬂj |
_:....'....'::J:'::::':...__ \ i
8 3 I | | | N B S T
% 2 : : P s
g P
g —QI 1 O __i.fﬁf:jlﬁﬁf::lﬁ:::iﬁlﬁﬁﬁﬁﬁi:::::f:::::I::::Ifiﬁij::::fif::ﬁf:::::Ij::::jlﬁfﬁiif:f:fff:ljff:flﬁ::::flﬁfﬁf::ﬁ:::i::::i::::ﬁ:i:f::ﬁiﬁ::::‘:::.i_
»n -2 T S O S RS 600 1 OOO 1 500 2000 2500 3000
1.5 2 2.5 3 3.5
M, [GeV]

m [TeV]
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It’s the right time to join!

Hugely increased potential for discovery of heavy particles at |3 TeV
Perfect occasion for young motivated physicists: join the search!

WJS2013
fara(xa, QZ) Parton distributions 1 OO [T T T T ] T T T . — . . v
A7—>‘(F resssesn B [ ratios of LHC parton luminosities: 13 TeV /8 Te /
‘ a Hard scaterin - '
BeZm parton s-aéprogess p

particies Glab —= X)l
= XaXys

Beam fragments/
spectator jets

for(Xp, Q2)

luminosity ratio
o

\/g — A/ LqlpS

g = Z/d$adxbfa(x: Qg)fb(x-, Qz)a'ab(xasIb)
a,b

1
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It’s the right time to join!

Hugely increased potential for discovery of heavy particles at |3 TeV

Perfect occasion for young motivated physicists: join the search!

Minimum bias

7

WH

t (s-channel)

H (ggF)

H (VBF)

t (t-channel)

tt

ttH

stop pair (0.7 TeV)
stop pair (0.9 TeV)
gluino pair (1.5 TeV)
gluino pair (2.5 TeV)
Z' SSM (3 TeV)

Q* (4 Tev)

QBH (6 TeV)

Marco Delmastro

6., Cross section ratios: 14 (13) TeV/ 8 TeV
2.1
2.1
2.2
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SUSY summary (ATLAS)

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Marco Delmastro

Status: ICHEP 2014 Vs=7,8TeV
miss - _—
Model &Y Jets ET [Lanm) Mass limit Reference
— T T — T T T —TTT
MSUGRA/CMSSM 0 2-6jets Yes 203 |4% 1.7TeV. m(@=m() 1405.7875
MSUGRA/CMSSM Tepu 3-6jets  Yes 203 4 1.2 TeV any m(g) ATLAS-CONF-2013-062
MSUGRA/CMSSM 0 7-10jets  Yes 20.3 4 1.1 TeV any m(g) 1308.1841
1%}
% 3, 44 g g»g J:e:s zes gg.g q 850 GeV N - m(E})=0 GeV, m(1* gen. g)=m(2"* gen.q) ng;g:
g 28, g—>qu1 -6 jets les . 4 .33 Te! 1 A
S 3z ioqel ogqWEL leu 3-6jets Yes 203 |Z 1.18 TeV m(¥})<200 GeV, m(¥*)=0.5(m(t})+m(z)) ATLAS-CONF-2013-062
@O g, gﬂqg([l/iv/vv))(? 2ep 0-3 jets - 20.3 4 1.12 TeV m(E})=0 GeV ATLAS-CONF-2013-089
Qo GMSB (£ NLSP) 2e,p 2-4jets  Yes 4.7 tang<15 1208.4688
§ GMSB (7 NLSP) 1-27+0-1¢ 0-2jets  Yes 203 tang >20 1407.0603
S  GGM (bino NLSP) 2y - Yes  20.3 m(F%)>50 GeV ATLAS-CONF-2014-001
S
£ GGM (wino NLSP) Tepu+y - Yes 4.8 m(¥))>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) b2 1b Yes 48 m(¥))>220 GeV 1211.1167
GGM (higgsino NLSP) 2e¢,u(Z) 0-3jets  Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  VYes 10.5 m(G)>10~* eV ATLAS-CONF-2012-147
S5 g—)be] 0 3b Yes 201 4 1.25 TeV m(¥})<400 GeV 1407.0600
3 g o) 0 710jets  Yes 203 & 1.1 TeV m(}) <350 GeV 1308.1841
T o §oi 0-1e.pu 3b Yes 201 |& 1.34 TeV m(¥})<400 GeV 1407.0600
“@ FobiX| 0-1e.pu 3b Yes 201 |& 1.3 TeV m(¥})<300 GeV 1407.0600
biby, by _mxl 2b Yes  20.1 by 100-620 GeV m(¥})<90 GeV 1308.2631
we bbb _w\/l 2e¢,u(SS)  03b Yes 20.3 by 275-440 GeV m(¥;)=2 m(¥}) 1404.2500
=.9 7 (light), i —b¥T 1-2epu 1-2b Yes 4.7 A 1 m(¥})=55 GeV 1208.4305, 1209.2102
g S h(light), t1—>WbX1 2ep 0-2jets  Yes 203 N 130-210 GeV m(F}) =m(@))-m(W)-50 GeV, m(7,)<<m(¥{) 1403.4853
8"8 717 (medium), 7; —mvl 2ep 2jets Yes 203 |7 215-530 GeV m(P})=1GeV 1403.4853
= g [ih(medium), i SbYT 0 2b Yes 20.1 n 150-580 GeV m(¥})<200 GeV, m(¥})-m(¥})=5 GeV 1308.2631
S5 7171 (heavy), f; >#¥ Ten 1b Yes 20 |i 210-640 GeV m@:o GeV 1407.0583
< 9O t'1t1 (heavy) et 0 2b Yes 20.1 i 260-640 GeV m(x.)=ogev 1406.1122
n B px 0  mono-jet/c-tag Yes ~ 20.3 | 90-240 GeV m(7)-m(¥})<85 GeV 1407.0608
t1 t1 (natural GMSB) 2e,u(2) 1b Yes 203 |h& 150-580 GeV m(¥))>150 GeV 1403.5222
by, h—h +Z 3e,u(2) 1b Yes 203 |7 290-600 GeV m(¥})<200 GeV 1403.5222
NG R, (—»t’Xl 2e.p 0 Yes 203 |7 90-325 GeV m(¥})=0 GeV 1403.5294
)2})2;, xl —Tv((v) 2ep 0 Yes 203 | X} 140-465 GeV m(E})=0 GeV, m(Z, 7)=0.5m(¥} )+m(¥}) 1403.5294
g )2,)2' X1 >#v(rh) 27 - Yes 203 |X 100-350 GeV m(})=0 GeV, m(r, As(mwf)»fmm’)) 1407.0350
= xlx —)vafo(gv) TLEY) 3ep 0 Yes  20.3 XI ; 700 GeV M )=m3), m(vy)= 0, m(Z,7)=0.5(m(¥;)+m(t})) 1402.7029
e )(1)( WA ZF 23ep 0 Yes 203 [F.E 420 GeV m(e)= m()( %), m(¥})=0, sleptons decoupled | 1403.5294, 1402.7029
Xix ‘)W,Ylh)(l Teu 2b Yes 20.3 )gi,"z 285 GeV m (¥ ()(2) m(¥ sleptons decoupled | ATLAS-CONF-2013-093
XS, X553 olpt 4e,u 0 Yes  20.3 )ZL 620 GeV mEE9)=m(E3), m(¥})=0, m(Z. 7)=0.5(m(E3)+m(¥})) 1405.5086
8 » | DirectX]X] prod., long-lived X7 Disapp. trk  1jet Yes 203 | & 270 GeV m(¥;)-m(¥7)=160 MeV, 7(¥})=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped g R hadron 0 1-5jets  Yes 27.9 g 832 GeV m(¥})=100 GeV, 10 us<7(3)<1000 s 1310.6584
é’ E GMSB, stable 7, 7@, ) e, 124 : - 15.9 10<tan5)<50 ATLAS-CONF-2013-058
S g GMSB, X1 —>yG, long-lived ¥} 2y N Yes 4.7 0.4<7(¥})<2 ns 1304.6310
= I X?*)qq/,l (RPV) 1y, displ. vtx - - 203 |a 1.0 TeV 1.5 <cT<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—v: + X, e+ p 2eu - 46 A5,,=0.10, 2,3,=0.05 1212.1272
LFV pp—¥; + X, ¥z —>e(u) + 7 Tepu+t - - 46 A;;,=0.10, 412)33=0.05 1212.1272
> Bilinear RPV CMSSM 2e,u (SS) 0-3b Yes 20.3 q, 1.35 TeV m(7)=m(g), ctrsp<i mm 1404.2500
& XixT, )?l WA f —eevy, e, dep - Yes 20.3 X 750 GeV m¥))>0.2xm(¥7), A1 £0 1405.5086
X0 X W X =Tt etre Bep+T - Yes  20.3 )?% 450 GeV m(E))>0.2xm(F5), 1133#0 1405.5086
&—4qqq 0 6-7 jets - 203 | & 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—ht, ii—bs 2¢,u(88) 03b Yes 203 |% 850 GeV 1404.250
. Scalar gluon pair, sgluon—gg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
©  Scalar gluon pair, sgluon—f 2e,u (SS) 2b Yes 14.3 ATLAS-CONF-2013-051
2 , :
"O" WIMP interaction (D5, Dirac x) 0 mono-jet  Yes 10.5 m(x)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
| 1 1 L
V- =8TeV 1 M I T V
full data ass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o~ theoretical signal cross section uncertainty.
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Exotics Summary (CMYS)

LQ1(ej) x2
LQ1(ej)+LQ1(v))
LQ2(pj) x2
LQ2(pj)+LQ2(vj))
LQ3(vb) x2
LQ3(th) x2
LQ3(tt) x2
LQ3(vt) x2

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

CMS Prellmlnary

SSM Z'(t1)

SSM Z'(jj)

SSM Z'(bb)

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

SSM W'(lv)

SSM W'(WZ—1vll)
SSM W'(WZ—4))

e" (M=A)
p* (M=A)
q’ (q9)
q* (qy)
ki

coloron(jj) x2
coloron(dj) x2
gluino(3)) x2
gluino(jjb) x2
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stopped gluino (cloud)
stopped stop (cloud)
HSCP gluino (cloud)
HSCP stop (cloud)
q=2/3e HSCP

g=3e HSCP
neutralino, ctau=25cm, ECAL time

?

4 j+MET, SI DM=100 GeV, A
j+MET_. SD DM=100 GeV, A
y+MET, S| DM=100 GeV, A

y+MET SD DM=100 GeV, A

I+MET, €&=+1, SI DM=100 GeV, A

I+MET, €=+1, SD DM=100 GeV, A

4 I+MET, €=-1, S| DM=100 GeV, A

I+MET, €=-1, SD DM=100 GeV, A

CMS Exotica Physics Group Summary — ICHEP, 2014

S — ADD (yy). nED=4, MS
ADD (ee.up), nED=4, MS

e ADD (+MET), nED=4, MD
g ADD (y+MET), nED=4, MD

' QBH, nED=4, MD=4 TeV

! ! NR BH, nED=4, MD=4 TeV/

— Jet Extinction Scale

String Scale (jj)

Excited

Fermions dijets, A+ LL/RR

dijets, A- LL/RR
dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dimuons, A- LLIM
single e, A HnCM
single y, A HnCM
inclusive jets, A+
inclusive jets, A-

Multijet

Resonances

1 2
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