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DIJET RESONANCES  gui wmriepn
= s o b e Data :
10° — Fit =
- -6- q*(1300) 7
10° -4 Q¥(2000) g
- -+ (%(3250) ]
10°
- A direct search for new particle 10f
resonances: Scalar Color Octet (s8), s
excited quarks (q¥%). 1 ATLAS Preliminary | |
e 2F 3
-] | | | g o — i
» Di-jet background is fit using the given S -2 | | -
® 1000 2000 _ 3000 4000

function to minimize statistical fluctuations. Reconstructed m, [GeV]

CMS-PAS-EXO-11-015
* New Phenomena (NP) are manifested as

. > e omsgomy E

Bumps or gradual excesses in the mass S L T s ous o 4
and angular distributions. E ol SUSTV - totmacumn ]
) = o0 - - String Resonance 3
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DI-JET ANGULAR DISTRIBUTIONS

Use angular distributions to search

for other indications of new

physics: Contact Interactions
(C1), Quantum Black Holes

(QBH).
QCD di-jets are flat in .

Y1 Is the rapidity of the leading jet.

NP will usually manifest an excess

at low % (not necessarily).

. 1s the fraction of central
events to all events in the

distribution.

Central i1s defined as y < 3.32.

Total Is defined as y < 30.

A measure of isotropy of di-jet

events.

) e eXP(|y1 En y2|)

N

F, = central
Ntotal
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DI-JET LIMITS

« Limits set on cross section times acceptance, using multiple

techniques.

* Limits set using mass resonance on g* and s8 models.

 Limits on Cl and QBH set using F, and ¥ distributions independently.

Model
q* (M)
q* (Fx)
s8 (m;)
QBH (F,)
QBH (%)
Cl(Fy)
Cl(x)
String Res.
Ee diquarks

Axigluons
WI

Limit [TeV]
3.35(3.09)
2.58(2.97)
| 94(1.94)
4.11(4.14)
3.96(4.23)
7.6(8.2)
7.8(8.7)
4.00(3.90)
3.52(3.28)
2.47(2.66)
| 51(1.40)

CMS-PAS-EXO-11-015
CMS-PAS-EXO-1 1-026

ox A [pb]

NLO CMS
\Ns =7 TeV
Ay :
HL/RR = L=22fb"
ALLRR B | — Observed
------- Expected
LO I Expected =16
Al Urn -I Expected +20
ALURR N
Avviaa - |
Avv/aa B
Afv-a) 4
| | | |
5 10 15 20

A [TeV] lower limit
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=
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PHOTON + |ET

Use excited quarks(g™®) as a benchmark
(other exotic models, quirks, Regge
excitations of string theory, topological
pions postulate a y + jet resonance.)

SM y + Jet production arrises from Compton
scattering, ggbar annihilation, and final state
radiation.

For g* model; mq* set as compositeness scale, SU
(3), SU(2), and U(|) coupling multipliers set to |.

These assumptions give, at mg= = 2.5 TeV, BR
(u*—ug(uy)) = 0.85 (0.02).

g* excluded for masses below 2.46 TeV

Limits also set on general gaussian resonance with
varied widths.
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PRL vol. 108, 111801 (2012)

> 3|"'|"'|"'|"'|"'I"'I"'I"'I";
— 8 10 CMS & Observed =
. i o et g . o 2.2 b at 7 TeV Diphoton ]
« Use di-photons mass distribution to search for gravitons in N 1¢2 ) I et .
: : 5 5 = Dijet 3
extra-dimensions: Arkani-Hamed, Dimopoulos, S S;:temaﬁc Uncerainy
Dvali (ADD), and Randall and Sundrum (RS). - - R=005M,= 175 Te 3
....... nED= y s= e -
* RS (| extra dimension) is characterized by the coupling 1 ) j
parameter k = k/Mp [0.01 - O.1],and M;. 0" R
- ks curvature of ED, Mpiis reduced plank scale, M is the g
resonance central value. T
. _ . 10°
* Search for resonances peaks in wide mass windows. .
200 400 600 800 1000 1200 1400 1600 1800 2000
ADD is characterized by Ms or nc. M,, [GeV]
« Msis an ultra violet cut off, nGis a parameter related to Ms S5=(Otot - OsM)X B X A
and the graviton production.
lxx 0-1 - 95% CL Exclusion .
* Search for excess > 0.9 TeV. o ]
.%_ 0.08 I Electroweak 95% CL Exclusion N
k 001 002 003 004 005 006 007 008 009 010 011 3 A, >10TeV :
M;[TeV] 086 113 127 139 150 159 167 174 180 184 1.88 ~ 006 -
Hewett HLZ (ngp) 0.04
Ry Sy pos. neg. | 2 3 4 5 6 7%
1.0 | 294 | 263 228 | 329 350 294 266 247 234 0.02
1.6 | 3.18 | 284 241|368 379 318 288 268 253
09000 1200 1400 1600 1800
ADD K-factor Ar [TeV] (GRW) M; [TeV] (HLZ) M, [GeV]
=l ==t YT g = L s S e R e = T
pis, ee, and vy
1.3 (pp and ee), 1.6 () 3.3 4.1 3.9 3.3 3.0 2.8 26 |PLB./710 (ZO | 2) 538-556
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W PRIME

Search for massive resonance in mt of a lepton and
missing energy, postulated by many Beyond the
Standard Model (BSM) theories.

Considered L=R symmetric models as well as
interference in the Sequential Standard Model
(SSM) framework.

Depending on Interference the mt spectra can be
enhanced or reduced.

Also considered are Universal Extra
Dimensions (UED) or Split-UED models.

« Model is characterized by R (size of ED) and u
(bulk mass parameter).

« W4 is only mode considered given the kinematic
and theoretical constraints.

» Decay to leptons is kinematically identical to SSM
W’

- . Degenhardt - Blois 2012 -
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.  BEEEEEEEREE No Interference MadGraph

> - Destructive Interference MadGraph

O 15 Constructive Interference MadGraph

g § ----------- Standard Model (No W') MadGraph

Q i Destructive Interference CompHep
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(5106 1 — W1
W PR‘ME Q. det=5.0fb B8 Diosons
\10 5 -Top

w 8 W-—=uv

a
(Mg +b)°

f(Mr) =

Hh 111
overflow bin

—

500 1000 1500 2000 2500
M- [GeV]

» MC Backgrounds are fit using the

function given, and normalized to =1 CMS e =7 Tev

data (200 GeV < mr < 500 GeV). 2104;— det=5.0fb'1 = _

ﬁ == Dibosons ]
®n10°% W' —ev = .
C : —:u

« Search for excess above MTmin. Sio7f B e ]

® Data
— (mw|=2.3 TeV)

threshold. 10

* No excess Is observed. 107

hilll
verflow bin

1 |
500 1000 1500 2000 2500
M [GeV]
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S E L : ——————— 95% Observed Limit (Electron)
b . : —— 95% Observed Limit (Muon)
) é/, : — 95% Observed (Combined)
i A ‘ —— —— — 95% Expected (Combined)
Nl N\ R TheortonGroe Seton S W without Kt
=~ EiEIEIEIE Theoretical Cross Section for W, (u =10 TeV)
GJ CTIIE SEEE TIY Theoretical Cross Section for W, (1 = 0.05 TeV)
B . . . . 1403 LN TORRNR S S SE— .
Limits set using a bayesian method assuming a flat prior. > CMS
E é\@:?TeV: :
Limits ON Cross section times branching fraction set ]COI” m102:— .............. ‘ ..... ...................... ~..~. ....... j"'l:dt'ﬁ“S‘.‘O'fIé."" ....................... _§
SSMW Prime. ©
10} :
Also shown are cross sections for Wi from split-UED ?
mOde|S. .........................................................................................
- g 500 1000 1500 2000 2500 300
The paper also sets exclusion limits in |/R, u space. W' mass [GeV]
Acceptance loss Is seen at higher masses due to < 10y
kinematic limit for production of high mass W Prime. - \CFMS” y
— s=7Te
=3

Model Limit [TeV] | fLacsaw

Wi 2.50(2.60) |

WL." (const.) 2.63 |
WL’ (dest.) Le
Wik (u = 0.05TeV) 4 10-13
Wik (u =10 TeV) D o""o.ls"";""1!5""i"
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/ PRIME

» A general search for narrow high mass

resonances In ee and uw mass distributions.

Use SSM Z’ and Es Grand Unified
theory(GUT) Z" as benchmarks.

 The pattern of the symmetry breaking
and the mixing angle (Or¢) determine the

/" fermion couplings.

E6 GUT Z, states: lep, ZIN, Z,r], le, ZIS

Other models investigated are:

- Z* techni-mesons, spin-2 RS
gravitons (G* Gu)

Events

ATLAS-CONF-2012-007

0 e . 5
10° ig ATLAS Preliminary ég,?tf" 2011 é
5F CJDiboson a
10 det 50fo" Mg E
4 @ W-+jets =
10°E Vs=7TeV CJQCD multijet §
3 JZ(1500 GeV) 7
10° [1Z’(1750 GeV) §
102k [JZ'(2000 GeV) 7 =
10 =
1 E
10 -
1072 H
10'3 | | | | | |
100 200 300 1000 2000
m,, [GeV]
CMS- PAS i OOZ

10° ;F gm;:’minary \s=7TeV f Ldt=471b"
= DATA
E [ ] ziy—e'e
= - tt + other prompt leptons

[ ] jets (data)

Events /10 GeV
o

IIIII|_|,| IIIII|_|_|,| IIIIII|,|,| IIIII|_|_|,| IIIIII|,|,| IIIIII|_|,| IIIIII|,|,| IIIIII|_|,| LI

70 102 2x102 10° 2x10°
m(ee) [GeV]
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/ PRIME LIMITS

Use a bayesian analysis with a flat prior to set
imits on cross section times branching
fraction.

Limits set on E¢ GUT 2.

Limits also set on RS gravitons.

Model Limit[TeV]
S5 2.32
Z 2.00
Gk (k=0.05) .81
Gk (k = 0.1) 2.14

ATLAS CONF ZO | 2 OO7

'3‘ N ]
o L ]
= ATLAS Prellmlnary Expected limit
s 1E \Ns=7TeV Expected= 1o =
- G* — |l Expected+ 20
- — Observed limit
10-1 = — k/I\—/IPl =0.1 =
= kM, =0.05 3
N —k/M, =0.03 ]
1021 — My =001 ]
107 = TR =
Fe f Ldt=49fb™ N e =
- f Ldt=5. 0 fo! ]
10-4 1 IR T

I 15 2 25 3
m [TeV]

CMS preliminary, [ Ldt = 4.7/4.9fb™, ee/un Vs =7 TeV

-1
o 10 3100 GeV
13000 GeV
2900 GeV
2800 GeV
2700 GeV
212600GevV.
2500 GeV
2400 GeV
12300 GeV
(2200 GeV
2100 GeV

1o 3| 2000 Gev

11900 GeV<— .,
Mixing angle: \
(/24
| - - - (-n/4,0)

- —e—e- (0,7/4)
4 (/4,7/2)

10

10

10 T 102 107

E¢ Z’ models

RS graviton

Model/Coupling Z; Zy Z, Z; Z Z, | 0.01
Mass limit [TeV] | 1.76 1.78 1.84 1.84 190 1.96 | 0.91

0.03 0.05 0.1
1:450 1 s =Dsle
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o(pp—Z') x BR(Z'—tt) (pb)

102

10

/ PRIME TO TAUS

* Search for resonance In visible mass spectrum.

* Look at all hadronic, et+had, p+had and el channels.

* SSM /' excluded up-to |.36 TeV, and k¢ £ excluded up-to |.1 TeV

CMS Preliminary,det =4.94 fb”, Vs=7 TeV

—— Obs. Combined 95% CL
------- Exp. 95% CL

] 1o expected range
20 expected range

ZI

. 7,

[ TTTTIT
I L I1L1IH

SSM

400 600 800 1000 1200 1400 1600
M. (GeV)
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DIBOSON RESONANCES

CMS-PAS-1 -102

CMS Preliminary -\s=7TeV-L=4.9 fb™

| . . .
Heayy particles decaying to bosons s %3500; 5 E;v(zn‘n(::;h:i)
predicted by several models: Extended sooo- B Zvie edcron)

Gauge Model (EGM), Extra
Dimensions (ED), and Technicolor.

7
////
7

* |ook for resonances n ZZ,W/Z\N/.

it Pélé[;} |P1£ei§n|1nary 2011 \s=7TeV AAIGE " 945 Ge\/ fOl” |< 3 Ol

0 01 02 0.3 04 05 06 0708
Angular likelihood discriminant

O 3 T | | | T T T | T T T | T | v alll
- RER /760 < mgx < 850 GeV for k = 0.05
i Ldt=501b i
- ] ar><|v 1204, |648
0.25 | - == CDF(yy.54/ib) ] — | - — _
- DO ey, 5.41) - o - ATLAS P A
02 _ ATLAS (ee, 1.08/fb; u, 1.21/fb) - G, 1 """ _
2 CMS (yy, 2.2/fb) ] & 400 f Ldt=1.02 fb < 7
— - CMS (Jet MET, 4.7/fb) - - & -
| e B CMS (VZ, LO, 5.0/fb) ] [ My = 1.1 m S i
20 A5 CMS (VZ,NLO, 5.0/fb) _ = - ]
'M : Oblique parameters : 300__ \/§= 7 TeV " __
0.1 _ B i
B i 200__ Observed Limit with p_ Acceptance ]
- — . . . Expected Limit with P, Acceptance -
0.05 L _ B Observed Limit with W’ Acceptance |
7] 100  eeesesaas Expected Limit with W’ Acceptance
, i B m, =m, -my 7
..... : [ I | L L L ! ! ! | | | | \ .
600 800 1000 1200 1400 200 300 400 500
my, [GeV]

Graviton Mass (GeV)
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SUMMARY

* Presented was a selection of various searches for new physics particles from

ATLAS and CMS.

» No evidence for new physics Is found yet, but the search has only just begun.

* [There are many searches being performed and expect more to be out very

sSO0on,

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

http://cms.web.cern.ch/org/cms-papers-and-results
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Extra dimensions

Other

T —tT+AA
----- " EXeited quarks " y-jet resonarice,

Large ED (ADD) : monojet
Large ED (ADD) : diphoton
UED :yy + E_
T,miss
RS with k/M, = 0.1 : diphoton, m,,,
RS with k/Mp, = 0.1 : dilepton, m,
RS with k/M,, = 0.1 : ZZ resonance, m,, i
RSwithg /9 =-0.20: tt — l+jets, m,
ADD BH (MM =3) : multijet, Zp _, N,
ADD BH (Myy, /Mp=3) : SS dimuon, Ny, o«
ADD BH (M, /M =3) : leptons + jets, Zp
Quantum black hole : dijet, F (m.j

................................................ X, ..

gqqq confact interaction > y(m )
qqll Cl : ee, uu combined, I‘I]’Jl"
uutt Cl : SS dilepton + jets +

...................................... rISS T =T omiss |
SSM Z": Mgy
SSM wW' Mo/,

46 ,— WaqWq
4" generation : ug,— WbWb
4" generation : d d,— Wtwt
New quark b' : b'B'— Zb+X, m,

. . yjet
Excited quarks : dijet resonance, m;

Excited electron : e-y resonance, m,
Excited muon : u-y resonance, m

Techni-hadrons : dilepton, m,,
Techni-hadrons : WZ resonance (vlil), m_ .z
Major. neutr. (LRSM, no mixing) : 2-lep +j’ets

Wy (LRSM, no mixing) : 2-lep + jets

=* (DY prod., BR(H**—uu)=1) : SS dimuon, m .

Color octet scalar : dijet resonance, m;
Vector-like quark : CC, my,

L=1.0 fb™" (2011) [Preliminary]

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

| I I I I

My (86=2)
Mg (GRW cut-off)
Compact. scale 1/R (SPS8)
Graviton mass
Graviton mass
Graviton mass
KK gluon mass

My, (5=6)
M, (5=6)
M, (6=6)

ATLAS

Preliminary

f Ldt = (0.04 - 5.0) fb™
Is=7TeV

M, (6=6)
A

A (constructive int.)
A
221Tev. Z'mass
2.15Tev. W' mass
ss0Gev 1 gen. LQ mass
esscev 2" gen. LQ mass
350Gev. Q, mass
404GeV U, Mass
480Gev. d, mass
400 Gev b' mass
420 Gev. T mass (m(A) <140 GeV)
g* mass
q* mass
e* mass (A = m(e¥))
w* mass (A = m(u*))
pT/ooT mass (m(pT/u)T) - m(r;) = 100 GeV)
p, mass (m(p,) =m(wy) +my, m(a;) = 1.1m(p_))
N mass (m(W ) =2 TeV)
W5 mass (m(N) < 1.4 GeV)

L=4.9-5.0 fb" (2011) [ATLAS-CONF-2012-007]
L=1.0 fb™ (2011) [1108.1316]
L=1.0 fb" (2011) [1112.4828]

L=1.0 fb™ (2011) [1202.3389]
L=1.0 fb™" (2011) [1202.3076]
L=1.0fb™ (2011) [Preliminary]
L=2.0 fb™* (2011) [Preliminary]
L=1.0 fb™ (2011) [1109.4725]

H™ mass
Scalar resonance mass
Q mass (coupling k,q =v/mg)

Q mass (coupling k,q =v/mg)
L1 111 | | L1 1 11 II

10 1 10 10°
Mass scale [TeV]

| 5*Only a selection of the available mass limits on new states or phenomena shown



TOP RESONANCES

searches for leptophobic /" and Kaluza-
Klein gluon excrtation (g).

Looking at leptontjets, and dilepton
channels.

Lepton+jets reconstruct the top pair
mass using the W mass as a constraint.

Dilepton channel looks at effective mass.

> T T T T T T T T T T T T _]
3 f Ldt=2.05 fo'\Ns=7TeV _° data
— ti

; ATLAS =3 Z+jets
= 10 | Single top _|
o = B W-+ets and Multijet 3
Lﬁ |:| Diboson ]
Uncertainties -

1 — g,, (1100 GeV) _

107 =

N

.
NN
1072

103

1 | 1 1 1 | 1
1000 1200
H +ET™* [GeV]

| 1 1 1 | 1 1 1 | 1 1 1 | 1 1
00 400 600 800

Event Fractio

|
0.2 ATLAS —
Simulation \'s=7 TeV
B sy e m,=500 GeV B
0.15 Pl m,.=700 GeV
P — m,=1000 GeV
o L. M, =1300 GeV
0.1— 1 —
0.05/— -
% 500 1000 1500 2000

Reconstructed tt mass [GeV]

Model Limit] leV]
7 0.88
077 Fo
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Oyee, X BR(G — Z2) [pb]

10

10°

10

2

// LIMITS

CMS preliminary 2011 L=49fb'at \s=7Te

1

— CL'S Observed

IR 3O SO .| F====s CL, Expected+ 1o

| mmmen- CL, Expected + 20

o N e e e e e D

| -eeee 0,0 X BR(G — 22),K=0.05
o, X BR(G — 22),k=0.10

----------------------------------------------------------------------------------------------------------------------------------------------
................................................................
............................................................................................................................

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

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

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

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

s S S —_
S P PN —
S U PP AUUSUPPR X PPN —
SN —

400 500 600 700 800 900 1000

M, [GeV]
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W PRIME ACCEP TANCE

800————————
= | — M, =1.0 TeV
g : — M, =15TeV
ool M,, = 2.0 TeV
(2 : | — M, =2.5 TeV
§ - My, =3.0TeV
I'“400— CMS Simulation —

ol A :

[ R O B W . |
OO 500 1000 1500 2000 2500 3000 3500

M. [GeV]
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o B [pDb]

/ PRIME LIMITS

ATLAS Preliminary --- Expected limit

\s=7TeV " Expected = 1o
aad Expected = 20
— Observed limit

— Z,SSM
—Z,
- Z’w

/

——”

J \
ce: f Ldt=4.9fb"

e f Ldt=5.0fb"

0.5 1 1.5 2 2.5 3
m [TeV]
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THREE JET RESONANCES

CMS Preliminary, 5.0 fb’' \s=7TeV
U L L L L r_r T T

1900350 300 350 400 450
Triplet Mass (GeV/c)
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» Look for three jet resonance et e evich
In 6 jet final states.
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