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CMS Detector

SILICON TRACKER
Pixels (100 x 150 um?)
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CMS Integrated Luminosity, pp, 2012, .5 = 8 TeV

LHC Run 1

- Data included from 2012-04-04 22:38 to 2012-12-16 20:50 UTC 25 ° Tofal Recorded Lum|nOS|+y
. B » in 2011 ~5 /fb at /s = 7 TeV
%-20 e Prelim;:sry\lalldlud: 19.62m ' 20 o in 2012 ~22 /Fb a‘l' JS - 8 Tev
£ = |+ Excellent detector performance
£ w | * Very high data-taking efficiency
£, . * ~ 95% of delivered data are recorded
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T 0 Y e e of o ot physics
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. Successful Pileup Mitigation

* LHC reached nominal pileup
rate of ~ 20 events

* The experiment copes up
well !
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Three years of constant physics results

CMS Integrated Luminosity, pp

LHC. /s = 8 TeV and all the rest, plus
Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC newest results:
9 - 2 ' ‘ ‘ ' ' ' see now
0 :"—— 7 2 w2010, 7 TeV, 44.2 pb ! w2011, 7 TeV, 6.1 fb ! — 2012, 8 TeV, 23.3 1 ! 1
! dilet(pr > 100 GeV) 3 20 120
= 10" ¢ I |
= W _g first g*, 2’ , W’ limits, 3-36/pb
s K didet(pr > 400 GoV E 15/ >1.6,1.1, 1.4 TeV 18
& 10 K - first >20 local excess
’ ° : —
/ : 2 10} first SUSY limits, 36/pb atlow mu, 1.1-1.7 /fb |10
S g ~q, ~g > 500-6(}0’ GeV
Z'(F=01:m) 3
3 Z' (I =0.01-m) = s \ % 100 13
10 -
aq ®
, [
1074 - s 2 4 < o Q‘ d < A o QI < 1°
10 100 1000 1%% ° AW A\ 49 N x\ \‘c,e 4 0%
Scale / Mass [GeV] Date \UTC)
repeating the program
GL first ZZ xsec, 1.1 /fb at 8 TeV
first MinBias / UE first top xsec, 3/pb 0 ~40%
T  studies, particle multiplicities & ~40% \ \
E \ going more differential, a new boson is
15 first incl. b x-section, 8/nb first single top xsec, e.g. ZIW +jb,.c announcsd, 5 /iy
10;; 5~15% t-chan., ?;6/pb \ \
0 0 ~ 36%
é’ —- ; : ; \ first significant limit on
: first incl. jet x-section, PF jets ' Bs—pp, BR<1.9x108
O 60/nb & ~ 20-30% first miop, 36/pb
g A~6.5GeV \
s first incl. W/Z x-sections, 200/nb | It el diseoysre
5~ 4-6%, +11% lumi first WW xsec, 36/pb y e
0 ~40% 5
0 .. relative uncert. S : first limit on HWW BSM searches continue, first spin parity
A .. absolute uncert. first incl. J/% x-section, 100/nb limits pushed analysis of the boson,
0 ~20% 17 ffb
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Higgs Production and Decay

87.4 %  ©@125GeV 7.1 %

S wwo o
g Y 12
ggms;:;:]> ------ H  WW,ZZ fusion: 2 ZZ :g
g .§ Ed
o
4.9 % - 0.6 % -
q ’ g ooy ¢
W',Zsmwwy
\\\ tt fusion:  pe----- H
q “H
£ o———f
Deca Exp. Sign. oy/M L] ol A 48 \ I
’ £ 1957 e u/ 10°~700 120 | 140 160 180 200
H— v 3.9 1-2% M, [GeV]
H—ZZ—4l 7.1 1-2% . .
H—WW—212v 5.3 20% * Five decay modes exploited:
H—bb 2.2 102;0 YY, ZZ - best resolution,
H— 2.6 10
L WW, TT, bb
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CMS-PAS-HIG-13-005 -

Higgs Combination

« Two best resolution channels: vy, * Consistent event yields in different

ZZ for mass measurement production and decay modes
10 CMS Preliminary {s=7TeV, L < 5.1 fb1 \E =8TeV, L< 196 flb'1 s=7TeV,L<51fb" (s=8TeV,L<19.6 "
_CI — H— Y .:. |H 77 - Combined Comb_ined | CMS Preliminary m, = 125.7 GeV
< O 1 u (ggH.tH) — Howy ; H=O=0TE Py, =065
B 22" Py I D L i
N 8f K (VBRVH) o= : H - bb .
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7 —
62— —i N 10s 04 T
5 - o
- ] YY
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L - T e SN I PR TR
0 :l 11 1 11 | I 11 | 1 1 111 ) I S N N 1 l: 0 0‘5 1 2 2 5
124 126 128 Best fi 6/Cgy,
y = 125.7 £ 0.3(stat) X 0.3 (syst) GeV O/0 g, =0.80 +0.14
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CMS-PAS-HIG-13-015 *

Search for ttH, H >vyy

CMS Preliminary, Vs = 8TeV CMS Preliminary, s =8 TeV
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leptonic top decays aooof- 1 st ;
« Sensitivity at 5.4 (5.3 s000f SN & :
expected) x SM ot s ]
7 1 SE 777 E
20001~ v ] C i
273 4 5 6 7 8 N
- . P e s g Number of Jets Number of b-Jets (Medium)
CMS Preliminary s = 8TeV L = 19.6fb CMS Preliminary (s = 8TeV L = 19.6fb™
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~ 7’_ 1o ~ 4 £
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5 3t s ]
- 2 5:_ = N _
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CMS-PAS-HIG-13-011

Vector Boson Fusion with H >bb

* Full-hadronic final state, main background is QCD

y Emcrloy NN to separate gluons from quark jets,
and signal kinematics from background
* Use mass of di-bjet to separate a signal from
. residual background
* Observed limit at 3.6 (3.0 expected) x SM
12 AL A R R B B B B e L L B
& 300 CMS Preliminary | & F CMS BT A e erpected E
0 - s =8TeV ° N L i ;g_o ?b" ..... CLz H125 Injected ]
: - -1 & B 7y +1o ]
200 R L=19.01b = 10  VBFH-Db oL Bxpoctad= 2 E
[ CAT4 E - ]
: Bgz:?(ground-only fit :ll 8—_ =
100F — 1.5 unc. O N ]
- [ 2-o unc. = 61— ]
[ —— Signal (125 GeV) x 3 1 8 - 7
O e e S e e e 2 Al -
o ! 12 :
8 o : : ! =SS S 21— ]
3 t %T L I 19 S .
SO b b b b b e b b by 1T o—~L - v v L L 1
80 100 120 140 160 180 200 220 240 15 120 125 130 135
M,, (GeV) Higgs Mass (GeV)
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CMS-PAS-HIG-13-012 *

Search for H >bb in VH

* Employ the recoil from V(W,Z) boson, boosted regime
 Consider W->2v, Z->0L, Z->VV
* Trigger on lepton or missing E;
* Use jets, V-kinematics and b-tagging in BDT
« Di-bjet invariant mass (9% resolution) to characterize the signal
* Observe 2.1 0 excess compatible with the SM Higgs

80 CMS Preliminary
| Vs= 7TeV,L=5.0 fb"

— VH; H- bb
60 PP

weighted entries / 15

40

20

[ 1 1 1 1 l L L L

| \s= 8TeV, L=19.0f" [ VH (125 GeV)

l Il Il Il Il I

® Data

I v

Sub. MC stat. uncert.

% Visible MC stat. uncert.]

M

0 50 100

29-JUNE-2013
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~ CMS Preliminary oL, ob g i
B - - -1 —e— serve
n s=7 TeV, L=5.0fb 1 - CLg H125 mjectad .

5+ s=8 TeV,L=19.0fb --e- CLg Expected ]
- VH(bb), BDT combined CL, Expected+ 10 |

CLg Expected+ 2 ¢
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CMS-PAS-HIG-13-014

Search forH >Z2Z > .0.0vv

EZZZW E”w“ T." 1 * Search for high mass Higgs

~—— ggH(300)=+ZZ —— ggH(600)—~2Z ---- qqH(300)=2Z |

10 R ez 4 * 2 opposite-charge same-flavor leptons (ee,
10} 1 uw), 2v
107 1 * B-tag veto to suppress the top background
108 3 * Separately optimized for vector boson and
18 H E gluon fusion production processes
10" 200 400 600 800 CMS preliminary, \s=7 TeV (L= 5.0fb”, \s=8 TeV [ L= 19.6fb"
£ B I : ) 4 | ¥ ¢ : I . ! g | o : : I il
232 —— theory
b
R ) e | - expected = 20 2
% o '-TopWW ‘Er]z'z S '-sz-:ar:- 3 3. i —®— observed 1
o [ zriets Bl e Z+2jets o data i 5
1
¢ 1'anssmg t:frsverse en'ergy [GeV] 10" 2010 L ‘4(1)0 T 16010 T 18(130 — ‘10100
§ 0.51 ?fﬂi' + tH‘J,‘",'I g i o Higgs boson mass [GeV]
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Search for H > WW-./v(qqQ

* Search for high mass Higgs with a boosted hadronic W boson

* Employ jet substructure techniques to identify hadronic W

* Fit to the three-body m 5 distribution

* Extract the main W+jets background shape from side-band region
m5=[40,65] GeV

_ CMS Preliminary 19 3fb’ at \s=8 TeV W— v = cms PreIIminary 19 3fb’ at Vs=8TeV,W—ev
% [ T % J 10 CMS Preliminary, 19.3 fb" at s = 8 TeV, e+u
- S = T TT TTrTT TTTT TTTT TTrTT T T TT TTTT TTT
E, 5001 E 400 é,, I | I I | I I ]
L [ |
8 ] B a0 s 9 =
:400 L « = « ggHx5, 600GeV = qqHx5, 600GeV | g === ggHx5, 600GeV—— qqHx5, 600GeV - —— 95% C.L.Observed Limit —
$400— ] 1] £ 7
5 [ O [Fumcerainy 5 300 s Buncenainy ] e 95% C.L.Expected Limit =
w 4 w O 1
a00l- N 250 § - :I +10 Expected Limit =
L 200 \:, +2 o Expected Limit &
6 —
- i ——— SM Expected 1
i 5 =
-7
100

1000 400 500 600 700 800 900 1000

m,, (GeV/c?) m,, (GeV/c?) -
- - :
3 41 3 4 -
T 1 T N
- [ 4 ]
of-+—4 P B S b ; 4 oF * 4 5 $ ¢ 4 L PR ! ] | 1 | | | | ] =
2 e s 000000008 0000s000000s000n0sssssnsssssnnnsssannsssassnsssasnssasnsnsssnnsassanans _— .2 o s concsnnssnnssnsaPoncsccsfMacenscnccascansssccsassancsascasssascsasasscsasssscssssssssssssssssssssnssien _— L1 1 1 111l L1 1 1 L1 1l 111 1 11 11 111 | 111 1

| ] 4F ] %00 650 700 750 800 850 900 950 1000

400 500 500 700 800 300 7000 0 500 600 700 80O 900 10 Higgs boson mass (GeV/cz)
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Particles

Supersymmetric “shadow” particles

SIS Y

f
Standard particles SUSY particles H H
Higgs Hogane® 4,’
H H
2
AM~—L [ (my—m)log(-—)]
) Quarks . Leptons . Force particles Squarks 0 Sleptons 0 sgns';;gtce s

29-JUNE-2013 ANDREW IVANOV, KSU 14




Is the weak scale natural ?

[arXiv:1110.6926] iz
tree |eve| E B tizzzizazzz:
m2 W Qo iz dia
2 br
- T~ g ~
i —— =1.5TeV
1-loop ;0 v o
- - tr, tr
------------ b, T L e—— =0.5TeV
ot i §
ti & —— = 0.2 TeV
2-loop 0% 9 o natural SUSY | decoupled SUSY
t;

« 15t and 2" generation squarks,
bino/wino, sleptons can be heavy
without compromising naturalness
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CMS-PAS-SUS-13-011

Search for Direct Stop Quark Production

CMS Simulation s =8 TeV, [Ldt=19.5fb"

CMS Simulation Vs =8 TeV, [Ldt=19.5fb"
Preselection +

MT > 120 GeV ¥ top baCkground t slgnal —

Dﬁ -l : t
D Wsjets :
- rare _‘.
ignalx100 7t wsoso <100 3
v

Preselection +
1400 B vor
M; > 120 GeV Dﬁ—n'_l ] 500

D Wejets -':
- rare ]

weeees Toaty (B50/50) x100

w
MT2

Fraction of
~ H; in same ]
| hemisphere ] .
asMET | Ems — t

al

1
G‘“""‘u.
|

t — bbxy Xy — BBWTW—x0%x° *fL ... signalx100 ] 1 ]
07700 150 200 250 300 350 400 450 50 e .
) —hf,?\[GeV] 30.405060.70.8 ?—i?aho‘
by o7 g;‘:.i',.':;. CMS Preliminary /s = 8 TeV, [Ldt = 19.5 fb"
------ S el T g
~~~~~ ' - 1-lepton channe b7 x= -
........ by 2 ssol SUS-13.011 BDT analysis — by, x=05 -
________ - Gos - o o o — Observed .
. t S0 € 300 Sy *  ---Expected =
* Single-lepton channel M- | : o Shaed -
. . . y L 250 < ot e —
*  Main background is semi- ,\ .. N g ) ;
leptonic and dilepton top N e E
. EmA:)loy stransverse mass VE A E
and other clever variables S Aoy E
to reduce background ol /) : =
* Combine .I-hem info BDT 0 "200 - l3(;0l - 14(1)0] - 15(;0I - 16(1)012l l7(1)0l - l8-00
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CMS-PAS-SUS-13-008 -

Search for Direct and
Gluino-Mediated Shottom Production

* Clean
signature, low
background

 Simultaneous

event
countin g In CMS Preliminary, 19.5 o', {s = 8 TeV CMS Preliminary, 19.5 fo”, /s = 8 TeV
several T | PeobH, B bZE; NLO*NLL exclusion|| | € g: 1400| PP —> 33,3 btWx] NLO+NLL exclusion | =34 £
. O — 7 c =—Observed+ 10 S
< 400| =Observed+ 16, o - = theory —32 9
reg 1ons E‘-'% e Expecﬁg i(r; 1 \c;expeﬁmem -8 ‘g §1 300f ;- Expected+ 16, iment 20 g
. 350| MyrMye = e @ 21200| m.. = 300 GeV m., =50 GeV B s
° 2 K -7 o n
Categorize : g & ™ 7 L &
- 1 —16 o [&]
events based 300 c 2 g
i 1 15 = P
. B a ‘ -1 | b
of Z, N jets -1, 8 1P 5
3_ _ o 20 3
and b-tags 152 4 = N
S ; v
1008, ¢, ¢ T B, @ s I B B | E [ l_i16 &
300 35 400 450 500 800 900 1000 1100 1200 1300
Mspottom (GeV) Mg1uino (GeV)
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CMS-PAS-SUS-13-010

Search for R-Parity Violating SUSY

L0 — 4l

.+ * Search in four-lepton final state
v« Define 9 signal regions in M, vs M, plane

.« M, - mass of opposite-charge, same-flavor
dilepton pair around M.

/. * M, - mass of the other lepton pair

" Y+ Suppress ZZ background

i < p CMS Preliminary 5=8TeV L, 195fb1‘
S pp—>qq—>qqu %, - v

-

CMS Simulation

N
T T

2001

200

pp—>gg—>qqx qqx x—>l|v B

800

M, (GeV)

150} 150}

600

95% CL mass UL (TeV)
o

expected events for 19.5/fb

- 1 N
100 [ 100 i ?..ma=425 GeV |_] 1 7]
i - myp=225 GeV/| 4 o
i = T - A-121 #0 ) A,”-}\,,zz #0

s K ] - M, exclusion  {E#m, exclusion
50 50 200 0.5 __ [ fu? exclusion ﬁ my exclusion ]
i [ pp — qq -q X q X - [llm; exclusion 4 m; exclusion ]

x =T fv *. . 1 - expected excluswns
P— L 4 — ) o 0 | PRI RS T A :
50 100 150 200 'O 50 100 150 200 02 04 06 08 1 12

M, (GeV) M, (GeV) m sp (TeV)
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CMS-PAS-SUS-13-005

Search for Resonant Smuon Production

d L] L] L] L]
* Signature : like-sign uu + 2 jets, b-tag veto
 Normalize DY to OS di-muon events
i LS + b-tag veto
d 21 T . 210°F O mw
O ¢t J'L‘":“"”m’-1 %w’ S O ¢ ILdt=4.98fb'1 g‘;‘é
+ Jets i '
810“r fe=7Tev B2y + Jets 81035- ’ {s=7Tev gfaYVkes
; 1 03 [ CMS Preliminary ;E;t: ; 025 U Protiminery °
.E ? -E1 E_ ~—LM1
€102k e ¢
10f _ E T
C % 1 R T
S‘ 450 LA R B R I B R L B R 107 1E I g | —
[) 400 E_ CMS Preliminary » i ! H 10'E —"7 N e 3
% 2 _[Ldt=4.95fb" ) gO lil % . %
£ 3505_ {s=7 Tev < 2L é 8 102E N 8
300 F, Vit % ¢ ) E L[ ) i
E 7o 2Gov 0 200 400 600 800 10001200 1400 0 200 400 600 800 1000
250F .5 i : "
: A SN o0 m (jets, M ”2) [GeV] m (jets, 15 ”2) [GeV]
200 3
150 - X
100 G
i * 13 events observed, 10.7 expected
0:. A PR PRI PR RSP NP | 10°
0 200 400 600 800 1000 1200 1400
m; [GeV]
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Summary of SUSY Results

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS [

Summary of CMS SUSY Results* in SMS framework LHCP 2013

g~z
gz’
g oy’
5 AR
5 geam-E)
2 g qaFnd 1)
g gaal Wi i)
C) gt~ )
g Qi+ v )
g a9~ 77)
G- gali, v 'i';' Wiol
g quz,~1%)
g+ bWy’
- -0
5 g--ax
3 4 *
g g-ai’ Summary of CMS RPV SUSY Results
iagA Galv
. =X -~
3 Tos b(' = WZ) g-qlv A
T b(7 -+ W) Evaly A
-
T T T T e e T T T T T T T galv A
g ~b-‘ b% - " ll
g 5wy G qoty .
o b+ bZ% G- qbtp A
€ BT IV T - g-»qqq A
CR R - 12
< LA 1TvwE R q—=qqqq k"”,‘,
& T WZi ~
%X vy g e q-—-qlv A'122
H T=1% | ) , q-—-qlv 1123
3 0 200 400 600 800 g-»qlv A
*Observed limits, theory uncertainties not included 33
Only a selection of available mass limits § —» ml‘ N
Probe *up to* the quoted mass limit 3
G- qbtye A
233
- - l"
q, 999 "z
Tn < uevt A’izz

ty st &
ty o vt lm
T '

1, thtp km

Ttbr A
333

0

"Observed limits, theory uncestaimtes not Induded
foc avaslablo mass limis
Probe "up 1o* the quoted mass limit

CMS Preliminary

For decays with intermediate mass,
=XxXm
mot

intermediate

LHCP 2013

Prompt LSP decays

Ns=7TeV.
\s=8TeV.
CMS Preliminary

200 400 600 800 1

1200 1400 1600 1800
Mass scales [GeV]

20
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO

C S E LQ1, B=0.5 |
IVI o LQ1, B=1.0 |
XOTl CA 95% CL EXCLUSION LIMITS (TEV) 055 05 —
. ) LQ2, B=1.0 (W
L (qal’ (2'\],?,; LQ3 (bv), Q=+1/3, =0.0 | LeptoQuarks
q* (qz) LQ3 (bT), Q=12/3 or 14/3, B=1 O -
g*, dijet pair stop (br) [N
q*, boosted Z ) 0 1 2 3 4 5
e, A=2TeV Compositeness _
o A= 2 TeV b’ — tW, (3, 2I) + b-jet

Z’SSM (ee, Yu)

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

Z’SSM (17) B’ = bZ (100%) neration
Z’ (tt hadronic) width=1.2% T’ — tZ (100%) SISEEiie
Z’ (dijet) ' = bW (100%), l+jets

Z’ (tt lep+jet) width=1.2%
Z’'SSM (ll) fbb=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

' = bW (100%), I+

C.I. A, X analysis, A+ LL/RR
C.I. A, Xanalysis, A- LL/RR
C.l., py, destructve LLIM

0 1 2 3 4 5

G () kM i 01 C.I, pp, constructive LLIM
G (Z(Z(aq)) k/M = 0.1 C.1. single & (HNCM) Contact
w=V(Yju(é\3 C.l., single u (HNCM) Interactions
W’ (td) C.l., incl. jet, destructive

W’ — WZ(Ieptonlc)

R’ (tb)

WR, MNR= MWR/2
WKK p=10TeV

pTC, TC > 700 GeV
String Resonances (qg)
s8 Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

C.l., incl. jet, constructive

Ms, vy, HLZ, nED = 3
Ms, yy, HLZ, nED = 6
Ms, I, HLZ, nED = 3
Ms, Il, HLZ, nED = 6
MD, monojet, nED = 3
MD, monojet, nED = 6
MD, mono-y, nED =3
MD, mono-y, nED =6

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

5

gluino, Stopped Gluino
stop, HSCP |

stop, Stopped Gluino

stau, HSCP, GMSB

hyper-K, hyper-p=1.2 TeV

neutralino, ct<50cm

Extra Dimensions
& Black Holes

<
-
N
w
N
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CMS-PAS-EX0-12-051

Search for Jet Extinction

522 e TS

\‘a‘i 2;— = NLO QCD (CT10 normalized to data) —;

Search for signatures of = 12: L, e ey 0 E
fhe ferascale gravrl’y 1:4%_ ------- ExtfnctionScaleM=3TeV _§
The string model predicts 12E E
suppression of all high e — E
transverse momentum SM 06E- - 3
. E CMS Preliminary L =

processes beyond a certain O emsTov ni<15 [L=t07 E
energyscale .—...I..ll...l...l...I...I...I...l.lll.E
. . 600 800 1000 1200 1400 1600 1800 ZOQO 2200 2400
Motivated by [arXiv:1207.3525] Inclusive jet p_ [GeV]
Look for extinction of LS SRR TYY FLFTS TV T N CRRVIAR MRS
. . . . > z M [TeV] 3
|nCIUS|Ve Je.l- .PrOdu?-hon (—_'; E C;MS Preliminary J.L=107fb’1 Observed CLs N
Use central jets with I e Sessetan ]
pr > 592 GeV, |T]| <1.5 : it
Exclude the extinction i i
(O — —

energy scale < 3.3 TeV HR 2 9O E
1020.40_6. O.IO7 0.08 l0.09l 0I1 IO.I11l = 10.12

B [TeV?
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CMS-PAS-EX0-12-023

Search for bb and bg Resonances

10 CMS Preliminary L=1961fb" \s =8 TeV L=19.61fb" \s =8 TeV ; imi L=1961b" s=8TeV
< _g‘l"g"'ﬁ""""_""l"'l""l" L i s, < RARAN RAARE RAREE RARAS| = 0
o) = 0b-tags 3 © o}
% 1 : -e- Data 1 % - Data % 1
3_ 10"&- — Fit 3— 3_ — Fit 9;_ 10" — Fit
"S no“g M <25&An <13 E 5 3 Ml <25&|an<1.3 E 5 107 l<25&jan<1.3 L
5, °"‘é M, >890 GeV, WideJets ; 8 ; M,>890 GeV, WideJets é 5, 0 M,>890 GeV, WideJets é
L E_ b* (1.8 TeV) (2.2 TeV _E L g_ D* 8 _5 1o E
ot T A 1 o' { . 1
8 e T NN 7 (32 TRV 3 - € , E
107 e UL S o 107 e y 107 '~ 4
[ - S .“ E 3 3 ) . e E
10°* :- ‘ ‘ ‘ _ ‘ - 10* ;-‘ 5 10°* :- - ‘ . ‘ .
D ———— o A, e e w1} ﬂ:""n‘r"""ﬁ'f-""rﬁ"‘———_
z it 3 i zf 3 i Zf 3
) 1000 1500 2000 2500 3000 3500 4000 45b0 5000 5500 e 1000 1500 2000 2500 3000 3500 4000 45b0 5000 5500 e ' 1000 1500 2000 2500 3000 3500 4000 45b0 5000 5500
Dijet Mass (GeV) Dijet Mass (GeV) Dijet Mass (GeV)
CMS Preliminary L=196f" Vs =8 TeV CMS Preliminary L=196" Vs =8TeV
3 :l L T I T T I—I LI ] T I L T I L | UL T I L] l_ 3 :I T L I T T l—l L I T L I L I T L I T l:
hd SearCh FOT' a new gauge o | adbb 0,1and2btags | o  f 9gbb 0.1and2b-tags
< 10 7. =02) = < 10fF _._RS Graviton (f _=0.1) =
bOSOI’I Z Wlfh enhanced X 3 05% CLG:pemmits ] x c 9% CL Upper Limits E
= N a-fz=10 1 = L -a-f5=10 ]
gogrp\)/{ i ngs) fo b quarks (as5 | et 1 5.0 <l ]
x g -e-fbs=0.2 E >< g G}‘ -e-fz=0. ;
T o [ g\& ( _B(X—>bb) 1 o ¢ AWQ g%Q ;B> bb) ]
* Events are split info 3 x [ % I R oy
M M o] g g A Rﬁ E © g A\, .A A, Beo E
exclusive categories E e 'ong, : S 8 :
o o / ) i .. AA 1 ] _ AA?E??-}R i
. L|m|1:?' On'FZ gnf?: RS '|' 102? m<25&An <13 - ﬁé%%éﬁ%@ E 1025_ mi<25&an<13 . §§§§§§B 3
Graviton for differen  widesets 6, - Wideses ‘ B
M 3 l L1 1 1 I 11 1 1 I 1.1 Ll I 11 I‘I‘J Ll 1 1 I L1l l‘$| 1 3 I 1 L1 1 l - 11 I Ll 1 1 I 1 I‘l 1 I Ll 1 1 l 1 L1 1 I 1l
ratios Fb b 1071000 1500 2000 2500 3000 3500 4000 1071000 1500 2000 2500 3000 3500 4000
Resonance Mass (GeV) Resonance Mass (GeV)
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CMS-PAS-B2G-12-005 -

Search for Z > tt —all-hadronic

CM'S F"rel'imi'najry, E = 8 'Te\{, 1l9.6'fb'1| .

Y wop s
H H > - | on-Top Multije
Highly boosted topologies : 2 8§ f e
. . . o 1 TeV RS KK gluon
fat jets in the final state with 2 1w _§I"¥§§§§g:“"
: a ap —— 3Te gluon
mass [140,250] GeV, consistent £ |
o 10

with top

And >=3 subjets with minimum

pair-wise mass > 50 GeV |
Consis’ren’r Wifh W 500 1000 1500 2000 00 3000

tt Invariant Mass (GeV/c?)
Main background is QCD

CMS Preliminary, (E = la TeV, 1|9..s 'fbl“ -

obtained from data by ;é: o oinbiong NPT _
inverting pair-wise mass cut ! ™
T I;l iozp?:olor Z'x 1.3, 10% Width :

g 1 (Harris, et. al.) ' -

M, > 1.6 TeV (1.2% width) St :

Mz, > 2.3 TeV (10% width) 3 F E
M) > 1.8 TeV & L e

P B Pl
2600 2800 3000
Z' Mass (GeV/c?)

PRI BPEPETT BPREE EREP RSP PR BT
1000 1200 1400 1600 1800 2000 2200 2400
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event yield

data / bkg

event yield

data/ bkg

Separately optimized for low (non-boosted) and

high (boosted) '
. .
Split into O or 1 b-tag
Define 2 for top hypothesis
CMS Preliminary, 19.6 fb", Vs =8 TeV CMS Preliminary, 19.6 fo”, {5 =8 TeV
°
3 Wk - 3 W
3 - 2 10 -
. others > W others
— 1.0 Tevic (1%) t — 1.0 TeVIc (1%)
~~~~~ 2" 2.0 ToVie! (1%] 2 e 7020 ToVie? {1%)
10 S e 230 ToVie 1) % 10 e F 30 TOVIE (1%
Uncertainty ~ Uncertainty
+ —#— CMS Data 2012 . : —&— CMS Data 2012
ok utjets, N =0 i etjets, N, =0
1 oI ; H
107! HELHH
0 2000 4000 5000
M; [GeVic?] M; [GeVic]
2 o 2
]
151~ + 2 s 4
4, 8
U (eoeeen, A + 8 1 .ow-.“ ++++ {
0sf- + + 05l +
& T000 2000 3000 2000 300 % 000 2000 500 7300 5000
CMS y, 19.6 fb", /s =8 TeV CMS P y, 19.6 fb", Vs =8 TeV
-]
3l . wosl - 3 . wol
10°F — 1 e 10 -
BN others > N others
— Z'1.0 TeVic’ (1%) t — 2 1.0 TeVic’ (1%)
PCIEE Z' 2.0 TeVic’ (1%) g 102 weeee 220 ToVic! (1%)
----- Z' 3.0 TeVic® (1%) H <o 2030 TeVic? (1%)
Uncertainty Uncertainty
cord —&— CMS Data 2012 CMS Data 2012
10F Tk utets, N =1 & tag 21
1E
" s 4 i
10 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
M, [GeV/c?] M, [GeVic?]
2 o 2
_
151 2 15 h
1 o.wé++ + § 1l ........,’“ + +
osl- } osf- 't
% 00 09 7000 2000 3000 2000 5000

29-JUNE-2013

CMS-PAS-B2G-12-006

Search for Z > tt —semi-leptonic

b-jet

M, >2.1TeV (1.2% width)
M, > 2.7 TeV (10% width)

CMS,L=19.6fb", s =8 TeV

neutrino

lepton '\

b-jet

jet

Z' with 10% Decay Width

2
LI IIIIII|
/
/

—
I IIIIIIII I IIIIIIII

So
-
-

Upper Limit ¢, x B [pb]

-lIIII T IIIII||

-
g
-
-

— Expected (95% CL)
Observed (95% CL)
— = Z' 10.0% width

[ ] Expected+ 1s.d.
- Expected + 2 s.d.

o
($)]
-
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CMS-PAS-B2G-12-015 -

Search for vector-like t' quark

* In most BSM theories couples to thrd _ CMSpreliminary 58 Tev 19.6 b

generation quarks, can experience 2 [ BUW=B(2)=0.25 ol
= = - expected 95% C.L.

FCNC decays: bW, tZ, tH s W =03 o expecte

* Simultaneous search in several 1018 20 expected
channels: semi-leptonic, opposite-sign R . -
and Same_sign Chdrge dilep.l.on and 10.2?_ ........................................
trilepton channels :

* Set limits for different branching O N

ra 1_ | O S 600 800 1000 1200 Mrlo(("‘:e\/]

oy CMS preliminary  {5=8 TeV 19.6 b CMS preliminary Vs=8TeV 19.6fb" SSdileptons ~ CMS preliminary {s=8TeV 19.6 b’

§1O5§ . . * data % 3 #-data BROW)

510 3 e+23 jets/>1 W-jet [] other backgrounds 210 [eésbosons g
10° 3 : tt %102 [ multi-bosons I800 3
103; ‘ N uncertainty 510 L [non-prompt 2

25 S ---"I:'_l'“i_mOCeV(wa) 5 10 o 3 Runcertainty 750 =

10°F AN E AT (500 Gev) o 100 €

16 - . . " 00 =

—_ §|1| ,1 | I I BT 1650 i

o~ . -1

‘ —{600 %

11111111111111111 : I RN A MY S T M %

" oE ) BD%%iscrimina;t 400 600 800 1000 1200 ST1|‘:“,‘OSV] B1R " - 11{ | —
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CMS-PAS-EX0-12-042

Search for LQ2 (uv+jj, uu+jj)

—_— _ 1
e Search for second , CMS Preliminary . (s =8 Tev | 1[9.?f'b |
generation lepto- RN R ]
quarks 0.9 E
* Set a mass limit as a 0.8 =
function of BR 07 E
0.6 -
CMS Preliminary Vs=8TeV, 19.6 fb" CMS Preliminary {s=8TeV, 19.6 fb” 3
5 =3 paa | i =T 0.5 E
12 g Zly +jets g Zly +jets 7
E S tE+ jets SN i+ jets ]
c E Othér Backgroun c Oth;r Background 0 4 S — ]
m 10k “448 Unc. (stat + syst) m 10 “44 Unc. (stat + syst) ’ 95% CL I'm'.t.s . 7
2 F = LQ, M= 900 GeV B 1 LQ, M = 900 GeV = CMS ppjj + pvjj (Obs.) |7
§ f g 0.3 +=+ CMS pyijj + uvjj (Exp.) H
o L[ o — CMS pijj (Obs.) ]
F ol 0.2 . CMS i (Bxp) |
F 1 . — CMS pjj (Obs.) B
10-1 E\_ PO PR 12/1/ L //A PR TR SR S NS 1041 - CMS uu” (Exp.) _:
500 1000 1500 2000 2500 3000 200 400 600 800 1000 1200 1400 1600 1800 2000 0.1¢ " ATLAS, 7 TeV, 1.03 o]
;" [GeV] M, (1, jet) [GeV] I I FioMs 7Te, 501" |3
0 1 1 1 1 1 1 | 1 1 1 1 1
” CMS Preliminary \s=8TeV, 19.6 fb" CMS Preliminary \s=8TeV, 19.6 fb” 400 600 800 1000 1200
OF = pata : = Data M (GeV)
.F W+ jets W+ jets LQ
10 E SR ti+jets SWRtT+jets
c C Other Background c 102 Other Background
@ 107 {44 Unc. (stat + syst) o FH Une. (stat + syst)
g F —— LQ, M = 500 GeV g o —— LQ, M = 500 GeV
g 10 8 M > 1070 (785) GeV
W F N\ w At» LQZ
N\ 1 o
16 D 38 —
™ o for B(LQ2 >uq) =1 (0.5)
10 10" @;‘—l
=W TR URIRNN NIRRT SNrIRNY (NSRRI RNIANN (ANFRRArY APRRATINY BIAPINN | I PR APRIPREIIN DAPRRIPRRPSRNT EAPSRRPROUNT DAFARIPRRCNRAT AOYHH PRYRNI M0 AY PRI P T . |
500 1000 1500 2000 2500 3000 200 400 600 800 1Q00 1200 1400 1600 1800 2000
s;" [GeV] M"' [GeV]
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CMS-PAS-TOP-12-037

Search for FCNC Top Decays

* 1->Zq decays are highly suppressed in the SM by GIM mechanism
~0(10-14)

* Can be enhanced in R-parity violating SUSY, top color assisted
technicolor models up to O(10-4)

* Search in tri-lepton + >= 1 btag events with a dilepton pair consistent
with Z

-

* Signal region: 3.1 + 5.1 expected, 1 event observed S**[cighimnay . A
3 | 195®m'atisz 8T8V 1
= IVES i=r'eim'u'nar§/' o1 S ' cms i=r'eim'u'nar9' S S00p- . .
N10_ 19.5fb"at (s=8 TeV N | 195fb'at (s=8TeV E I )
— [Jt-za - [Jt-zq 1 i i
o [ o ol ] o ]
§ I B« -og 8 B« ] 250: . 1
2 8 Bw, zt ol Bwi ze | ] ; .
I Bz 61 Bz - 2001 s -
o [Jww, wz, zz 7 I [Jww, wz,zZ | [ o
I | 150l o Lo S
ar L e
I I I O S N O O S s PN S R [N RS B ]
2F 1 0‘POO 1 50 200 250 300 350
;L m,, (GeV)

29-JUNE-2013

ANDREW IVANOV, KSU

B(t > Zq) < 0.07% @ 95%C.L.

( 0.11% expected )
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CMS-PAS-B2G-12-023 -

Search for BNV Top Decays

« 1> bgt (q = c,u) decays with baryon number violation can occur in
SUSY, GUT and black-hole physics scenarios

* Reconstruct tt events under BNV decay hypothesis
* Search in low-Missing E;

: IIIIIIl'lllllIIIIIIIIIIIIIIIIIIIIIIIIIIII_
: LB LB L L L LB L LU LB LN NLELELE BLELEL B ‘@500 CMSPreliminary _-
2 gopl- CMS Preliminary _' § ILdt =19.6f",s=8TeV  —+— DATA ]
5 ILdt =196f",{5=8TeV  —4— Data ] w e channel = lets .
v W channel = g’ ots Z+jets —
3 Z+jjets _- = :i;\gle Top
> 4.5 x10 [ Single top N Dibosons
[} C I I N Dibosons ] B acp h
o - CMS Preliminary = g\éo ] e o Signal (BR = 0.005)
s J‘Ldt =106f", (5=8TeV - Signal (BR=0.005) > 45510 2 Systematic unc.
g 35 :_ 4 channel [777] Systematic Unc. ] 8 CMS Preliminary
i, - > _[Ldt =196m",s=8Te
3 ‘5 e channel
C w +
2.5
2:_ i 00 2 4 6 8 10 12 14 16 18 20
E 4 6 8 10 12 14 16 18 20 v
1.5F X E
B(t > bq.?) < 0.15% @ 95%C.L.
0.5
( 0.29% expected )
00 20 40 60 80 100 120 140 160 180 200 0
ETSS [GeV] 0 20 40 60 80 100 120 140 160 1_80 200
ETSS[GGV]
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CMS-PAS-TOP-12-041 -

Jet Multiplicity in Top Dilepton

CMS Preliminary, 19.6 o' at (s = 8 TeV CMS Preliminary, 19.6 fb'at /s = 8 TeV
@ F T 3 o T T T T T
Sﬁ 3 Dllepton Combined D’ >30 GeV 5 3 = [ Dilepton Combined p'm> 30 GeV

~lo 0 i B '\Dnat;G e Pythi ~lo 0 I B Data 7]

10 adGraph+ ia g 10 MadGraph+Pyth|a

« Test of higher order QCD : -~ MG@NLO+Hervig 2 e

[ -—--- ythia ] L Q¥4 ]
calculations 1E E - ----Matchingup

-- - Matching down

* Detector effects unfolded .| wb L ‘

to particle level o I | o
 Test different jet p; o
thresholds: 30, 60, 100 Y A S R
GeV (anti-k;, AR = 0.5) E ]

* Comparison with ot ses
Madg I"Clph POWHEG CMS Preliminary, 19.6 fo'at s = 8 TeV CMS Preliminary, 19.6 fb'at {s = 8 TeV

Data/MC
Data/MC

1] E T T3 = E I T T I I
MC@ N LO MC g en erCl'|'O rsS 8% Dllepton Combined P' >100 GeV E 8§ F Dilepton Combined p’e'> 100 GeV
~lo " Data o T . Data ]
! 3 —— MadGraph+Pythia 10F —— MadGraph+Pythia 3
E - MC@NLO+Herwig 3 F 4Q?
[ --- POWHEG+Pythia ] [ QY4
1F E 1F ---- Matching up 3
3 3 i Matching down
O E e 1
107F e . 107f TTET .
i i 3 i e e
10°E__| ] ] | [ W | 10°E__| ] | | =
¢ F i E g F R
8 1F 2 1
8 E g ;
05 E = 05 E -
0 1 2 3 24 0 1 2 3 24
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CMS-PAS-SMP-13-003 -

Differential DY Cross Section

CMS Preliminary CMS Preliminary

45f at\s=7TeV 48fb'at\Vs=7TeV

* First CMS
results on full
2011 dataset

 Good agreement
with NNLO
Predlc1'|ons . E_ ~+ Data (up, 4.5 in 2011)

E&E NNLO, FEWZ+CT10

com p U'I'e d "V} |1' h NNLO, FEWZ+CT10 (with EWK correction unc.)
FEWZ

1/o, do/dM(up) [GeV™']
1/5, do/dM(ee) [GeV' ]

—+ Data (ee, 4.8 fb™'in 2011)
B8 NNLO, FEWZ+CT10
NNLO, FEWZ+CT10 (with EWK correction unc.)

g 15| - g sl
o 1)
F 5 g
- CMS Preliminary, 4.5 fb" at\s =7 TeV, 60 < M) <120Gev =~ © 0.5 [~ - O 05
07 Z_ 15 30 60 120 240 600 1500 15 30 60 120 240 600 1500
M(uys) [GeV] M(ee) [GeV]

0.6 me=tae s

1/5, do/d|Y (up)]

05F

0.4F

- [l FEWZ+CT10 NNLO

of M rmzcTIONS  Double-differential
- rov s o . measurement d2c/dMdY

Il FEWZ+JR0S NNLO

oof T .1 * Valuable input to future

W]
-llll llllll llllllll L1 L lllllllllllllll llllll-?- l b l pDF ﬁf
) o g globa S

g 1 B . PR R P, g o %{x[ % m% e
[1Y) CTSURNNE PSSP SNSUUSPRNE PSSO SRR SRR SRSPPOONS SOPNNoS S SN 5 .. 112 | R
g O S S W W S S - o [L(
*0 02 0.4 06 08 T2 14 16 18 2 22 24

Dimuon Rapidity, |Y )|
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CMS-PAS-SMP-12-002 -

Inclusive Jet Cross Section

* Useful for constraining PDFs and determining o

* NLO prediction in good agreement with data over many orders of
magnitude

* Most NLO PDFs agree with data within uncertainties

\s =8TeV anti-k,R=0.7 L=10.71fb"

. Vs = 8TeV anti-k; R=0.7 L= 10.71fb" CMS Preliminary 2
10 | 1 I ] ] 1 ] L 1 L L I ] : h :
10° —e— 0.0 <|y|< 0.5 (x 10°) 181 :g);?é Uncertainty 0.0 <|y|< 0.5 s
= —=— 0.5 <|y]< 1.0 (x 10%) [ ----CT10 ]
108 oF E
, —— 1.0 <lyl< 1.5 (x 10°) 16: :{AZRTCJégoe .
10 —+— 1.5 <|y|< 2.0 (x 109 _14F — ABm1 R
; 108 —+— 2.0 <|y]<25(x10") o
8 10° —»— 25 <yl<3.0 (x 10% o2
g_ 10° B % 1k
N l_ .
> 10° 208
ol 2o8f
' Q|—102 g
O 4o 06f
! 0.4 =
10" |- ~NNPDF 2.1 NLO ® NP | = ok CMS Preliminary 3
TR | ' 1 ! 1 ! Lo 1 08101 L 2(')0 360 . . 20'00
80 100 200 300 400 500 1000 2000 100 1000
Jet p (GeV) Jetp_(GeV)
T
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CMS-PAS-SMP-12-010

- Color Coherence Effects

Study of interf b ot T bk e
o U y O |n er el"ence O ' 0.8 ; 0.8 25 ﬂ
outgoing partons from "o e 3 e S
hard inferaction using o ]
2010 dataset 2
* Require two back-to-  z °% i S
baCk Ieading je"'S f - ==~ Pythia6 Z2 1 _.'-A:.:;"";:. ---- Pythia6 Z2 “
. 003 0 e Pythi_aB 4C __-:_v}.._.._:'_"_': ....... Pythi_aa*ic _:
* AﬂdlYSlS. OF anQUIar 4 0025_ iﬁ:ﬁ?%:;?ythias D6T __ -_.F:E:%'%%h:#atpythias DT |
correlation between 21 T Semtctnemniny § L DenateUieqainy
and 3" Je'l'S 05 1 15 2 25 3 05 1 15 2 25 3
B B
B = |atan2(A¢23, Atp23)| o1 CMS Preliminary L= 36 pb’ V& =7TeV ] ool CMS Preliminary L= 36 pb"  \&=7TeV ]
. . [ In.|<0.8 i [ 08<mn|<25 |
* Better modeling with oo ; i
newer MC generafors  § ! | E.
and newer UE tunes s - , ;
* Dafa supporfs Iarger ) 0.04:_ '-,{thia:oll)::(:oherenceOn _‘ ) OME“H ~ I—,){t—hIa(:soII)osrTCoherenceOn _:
coherence effects that — wi L Corebennceot - oaf e e
are incorporated inftomM¢ [ - T
N R E I 005 1 15z 25 3
B B
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CMS-PAS-FSQ-12-026

Hadron Production

N
CMS
NP RVALI)

* Measurement of charged-particle densities in minimum-bias events
triggered based on charged track p;> 0.1 GeV in at least one or both
hemispheres by forward detectors (TOTEM telescopes 5.3 < In| < 6.5)

*  Pythia Z2* and QGSJetII-04 well describe data for inclusive selection
* All models overestimate data by up to 20% in non-single-diffractve
enhanced sample
* Particle production follows power-law center-of-mass energy dependence
s=8 TeV CMS Preliminary s=8 TeV. CMS Preliminary
A ARRSS RSN anas sanns sanns nnns nas Basas L AR RARRERAASnanssRasasnansy sanas nanss mesns Sl reliminary, pp V5=8 Te
% 8 g_ pl** > 100 MeV, In|<2.4 Inclusive _é gﬁ 8 g_ prk > 109 MeV, n|<2.4 NSD-enhanced _E _E_B ;:M.S ZM;"(;LIN'S?;;E:’"W;;L:;_s'id; ]a::tln[nly N lT:|=5';_6f5)r
N S S TS e e
R rreris, L B
5 ;_-g—'————t_._,_._._w— - 5; 65 A UAS (p-B NSD-enhanced, double-side activity at [n|=2-5.6) ¢+ -
4 } |ii|| |i|iﬁ ‘ 4F sf 7 0.7258%% B
3F o cwms —— Pythia6 22 : 3;_ —*— Data === FythiaG Z2 E - 'QI,
ST Pythia8 4C e Herwig++ EE3C E Foeeee Pythia 4C - - Herwig++ EE3C = 4 e —
2E . EPOSLHC  --- QGSJetll-04 3 2E  EPOSLHC - -- QGSJetil04 3 - . 1
15_Nm(pT>40MeV)Z1in5.3<n<6.50r-6.5<n<-5.3 _5 1;‘Nc,(p,>40MeV)z1in5.3<n<6.53nd-6.5<n<-5-3 _g 3:_ *#* —:
| - L 3t :

R o .
E E 1. — 2'_ "_,— 7
8 8 - ] - 1
© o 1 R
(a] Q - = -
09 — = N
08~ ! — 1 1 L] -
2 1 0 1 2 n 0 pal | paanl
107 10° 10°
/s (GeV)
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CMS-PAS-FSQ-12-002

- % Mueller-Navelet Dijet Azimuthal Decorrelations

CMS Preliminary,\Ns =7 TeV,det =5 p!:f1

* Testing the BFKL

CMS Preliminary,Ns =7 TeV, |Ldt =5 pb'1

—

-1

regime by USing di-jefs gu .1 EDAT.A 3 % 1:— Mueller-Naveletdijets—:
with similar p; and _f,"’y::;:: . e P,>35 GeV, Iyl <47 |
large Ay (MN-jets) e, ——Herwigr2s “t )
. 0.8 == ] i
* Study azimuthal : PN ! R
dependence using ratio *} —alE, & ol k
of Fourier coefficients  osf uctorNavotet djets —— i - | [JDATA - Sherpaid
W|‘|'h expeC‘I‘ed o_si— P;>35GeV, |y| <4.7 — 0'2:_ Cascade 2 [%X)BFKL NLL+
suppression OF DGLAP 040;5;,“;'5&;&; P P TN U PN YT FUUTY PP FPPI T
evolution Ay CMS Preliminary, s = 7 Tev,ILdt =5pb”
gL RN A AR RALLS LAY RARR LLLLS RN RARAN b
O §
1 do 1 °° N E (JDATA 1
= Ay, in) ==—|14+2) C,(Ay, in) - cos(n(mr— A ] O 1 — Pythia6 Z2no AO ]
O'd(A(P)( Y mem) 27 ;1;1 n( Y mem) ( ( (P)) : — Pythia 6 Z2no MPI
- - 0.9 — Pythia 6 Z2 -
* Perturbative calculations based on DGLAP do not :E-f—’:z;__ C ]
describe data, significant variations by MC 08 - 1
g : :
« BFKL-inspired Cascade?2 predicts far too stron 07 -~ —di
decorrelations o t *
* Data agrees with analytical NLL BFKL calculations [ Mueller-Navelet dijets :
* Polar angle ordering in parton showerinﬂ and MPT  °%  TEShbEY :
0. P PR T FETTE FTETE SUNTE FTETE FTETE fURw
are important for better agreement with data P T T O T SO TP
Ay
29-JUNE-2013 ANDREW IVANOV, KSU 38



CMS-PAS-FSQ-12-028

scatterings in single pp-interaction

Double Parton Scattering in W + Di-jet
* Good agreement of Madgraph with
data

>W< * Study of observables sensitive to
m * MPI are important

identifying contribution of two hard
. Relativep; Azimuthal angle
CMS Preliminary, pp — W +jets, 5 = ?TeV Lot=5m" CMS Preliminary, pp — W +jets, {5 =7Tev.JLat=5fb" !

a —— MADGRAPH 5 + PYTHIA 6 (scaled to NLO) ﬁ [ —— MADGRAPH 5 + PYTHIA 6 (scaled to NLO) L 10? | — MADGRAPH 5 + PYTHIA 6 (scaled to NLO)
«-=- MADGRAPH 5 + PYTHIA 6, no MPI (scaled to NLO) «ee« MADGRAPH 5 + PYTHIA 6, no MP1 (scaled to NLO) — -«= MADGRAPH 5 + PYTHIA 6, no MPI (scaled to NLO)
2 10| - PYTHIAB (scaled to NLO) - PYTHIA 8 (scaled to NLO) N PYTHIA 8 (scaled to NLO)
= - -®-Data 2 4oL - Daa < -&-Data
wn -] = )
Q 2 © 10
v ™ -
(=3 ™ o
e ] S T
~— g —
°
8 e 8 1
W(— uv) + jets(>=2) [~ W(—s uv) + jets(>=2) e W(— uv) + jets(>=2)
leading 2 jets 1077k leading 2 jets 10! leading 2 jets
1 1 L C 1 1 1 1 1 1 1 1 1
g 25 Wuncertainty g 25E- [ Uncactainty
3 e
[ ol
o o

0.2 0.4 0.6 0.8
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CMS-PAS-FSQ-12-005

Soft Diffraction

) \ Measurement based on 2010 data
DD in low-pileup

1) ‘x' . . . .
P * Final State: large rapidity gap
P P
SD P nmin ]]max
P P | 1 | s
0 0
P r } '] min ]] max
DD
p v * Pythia 8 shows good description of
data
CMS Preliminary,Vs = 7TeV L= 16 2ub’ CMS Preliminary,Vs = 7TeV L= 16 2ub’ 07 : CMS :’rellmlnalfY\F 7ITeV L= 1|6 Zub1
_~ IR B IR IS I LR R IR 1 = IR IR I IR IR IR L R ] o L TTTTTTTTTTTT T
"EJ 14 - 'g 14 o cms 7 'g DD (pp— XY) * CMS .
= SD (pp — Xp) 1 = [ PYTHIAversion: DD (pp—XY) {1 £ os6F PYTHIA version: =
W 1.2 1 w2 — P8-MBR e=0.08 M2 -] f— F M>10,M >10GeV ~ — P8-MBR =0.08 p
o [ e r - PB-MBR (default) e=0.104 £ =% 1 < os5F ! - P8-MBR (default) €=0.104—]
2 1 8 1 —reac 1 T ¢ — P84C .
S S [ --Ps 0.5<log, (M /GeV)<1.1 1 @ gaf - l ------- 1 - P§ E
8 08f B 08F o 4 a TF : : .
: st 1 8.4 I :
0.6 0.6 - 0'3:_ """""""""" E
0.4F 0.4F - 02 | b g
0.2F 0.2F . 0.1F — _:
6 -6 E, [P | Lol =
2 3 4 5 6 7 8 9
An = -In§

€ — forward momentum loss of incoming parton
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colour-singlet state

* Production mechanism for
heavy quarkonium states is
not fully understood

* Models predicts strong

polarizations
colour-octet state
» 1 |
< 1) at1.96 TeV ‘
{ HX frame
0.5 - NRQCD factorization
T Braaten, Kniehl & Lee, PRD62, 094005 (2000)
0_-_,...*.,,“ M 0 B D © D I B A (B DA B i et H..._.“,._,_...\
- —._l—.—l
—+——— 4 | CDFRun1I
] CDF Coll., PRL 99, 132001 (2007)
0.5 . | 1
] CcSM
- Gong & Wang, PRL 100, 232001 (2008)
-1 i S Artoisenet et al., PRL 101, 152001 (2008) |
5 10 15 20 25 30 |
P [GeV/c] S

ANDREW IVANOV, KSU
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Quarkonium Studies

* Colour Singlet Model:
quarkonia always produced
directly as observable
colour-neutral Q-Qbar pairs

red
“&\0
‘)o ““¥ Non-pertutbative transition

2

* NRQCD factorization:
quarkonia also produced
as coloured Q-Qbar pairs
of any possible quantum

numbers

J,=21 A, =+1
“transverse” polarization

'Il= 0 — Aa = ‘1 :
longitudinal polarization

42




oM pp fs=7Tev L=4of’ |yies)Wxfame |
Measure polarization of _ preliminary
- 0.5 *
quarkonium state through ™\ ## o & 1. ¥ W RS E—
angular distributions of s *
muons in different S S SR |
polarization frames e 21208 RN
N 04 STot uneen 883% 0L 1
— o« 1 + 4, cos’d , 02 Tt uncert 997 % oL |
¢
+A, sin’d cos2¢ oW (AR A Aoy
0.2
+/19¢ sin26 cos@|
isos L85li<12
NRQCD describes well p; o4t
spectra, but measured 7 S S = B
polarizations are much of - 7= - - fff oo g B - fro
weaker than expected by <7
NRQCD 04t ‘ [y|f0.6.“ 06<ly]<1.2
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CMS-PAS-BPH-13-003 '

Prompt (2S) Polarization

15 20 25 30 35 40 45 50

p, [GeV]

ANDREW IVANOV, KSU
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P, [GeV]
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L L L L e e
%16000 - X - B ‘%‘ -
- . CMS Preliminary ; ] o [
°14000 [« weighted events * x pp\E =7 TeV, Llnt =49 fb . g 10 E_
Ay [~ 7 o -
B12000F— - events & - ";L g
“ - X - - -
310000) . 10<p (Wu<100Gev 3§ % 1
o F ;. [y(uwl< 0.6 1 &
8000[ .= Y(S) - 5
[~ ’ - < 1.6 >1GeV ] -1
- : Y(2S) 12<munci4pmascev 107F
6000 p A i arescy =
- oo i Y(3S -
4000~ Pl VA o ~ 107
. R Y 4 . ;
2000 s F oW B -
M 10—3 - luminosity unc. (2.2%) excluded
1 | PR S S | |
0 : 10

w0
(3]
-
o
N
o
(3]
-
-

E

=
Bt
o |
S

* Stringent test of QCD

CMS-PAS-BPH-13-006 *

Y (nS) Cross Section

CMS Preliminary

pp\Ns=7TeV,L  =4.9fb" -

Y(1S), [y(up)i< 0.6

Exponential fit: 10<p,[_<20 GeV

Power-law fit: 20<pT<100 GeV

20 30 40 50 60 70 80 90 100

P, () [GeV]

* Measure differential cross sections shapes at high momenta
* Shape is well described by a power-law for all three S-states

. I do — Y (nS _ A
Challenge to theoretical (ppd (n5)) B (Y(nS) — ptu~) = ST
models . vi<os P
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CMS-PAS-BPH-11-009

BO = K*0u+u—

v b — “#« The forbidden decay at the tree
s K+(_) o e g e
) o . level in SM, sensitive fo new
s » Y, - .
=) 0 ) B[ - physics
| > «*—— ¢ Measure the branching ratio, the
. : ' forward-backward asymmetry of
BY = K® (K'T) )/ (k") muons and the longitudinal
F.: 0.554 £ 0.004 (stat) =» PDG value 0.570 + 0.008 Polariza'l'ion OF kaons as a
Ags: —0.004 + 0.004 (stat) =» compatible with zero function of q2 - di-muon
invariant mass squared
B% = K™ (K'TT) w(2S) (*H) * Results are consistent with the
Fi: 0509 % 0.016 (stat) =» PDG value 0.46 + 0.04 SM
Arg: 0.013 £0.014 (stat) =» compatible with zero
1CMS preliminary L=52fb" I:§=7Tev _ 1CMSpreliminary L=521b" (s=7TeV ) C)nso g;reliminary L=52f" {S=7TeV
-o-Data < - -*Data —0.14 -e-Data
=j:M> 0.5:_ =f:M> :SD: 0.12;— =f:M>
: — 5 v
& 0,08/

0.06

0.04}
0.02}

e oo o Loy oy B g 1 g 1y I1—'_|IlllllIAIIIlIlllIlllIllllllllAlAIl 0:
48 8 0z S eviey? 2 4 6 8 10 12 14

16 18
q? (GeVI/c?)?
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- The pPb Run

CMS Integrated Luminosity, pPb, 2013, vs = 5.02 TeV/nucleon

Data included from 2013-01-20 14:08 to 2013-02-10 05:05 UTC

w
3}

- - . : 35
I LHC Delivered: 31.69 nb !

1 CMS Recorded: 31.13 nb!

(]
o

 pPb is a good system to probe the
gluon distribution at very low x,

mainly via forward measurements

% 90(4 TeV)

Pb (1.58 TeV/N)

N
[$,}

125

N
o
T

120

=
¢,
T

115

=
[=]

110

vl
T

15

Total Integrated Luminosity (nb ')

0 L L 1 1 L 1
A ¥ g oW e e e

« pPb collisions at 5.02 TeV/nucleon, pate (UTC
~ 31 /nb re Corded CMS Integrated Luminosity, pp, 2013, Vs = 2.76 TeV

* A short pp run at 2.76 TeV with T —
~5.5 /pb

* Similar statistics for hard probes in
pp. PbPb at 2.76 TeV and pPb at
5.02 TeV

; 0
e

[}

I LHC Delivered: 5.51 pb !

[ CMS Recorded: EM

3]
3]

H
H

w
w

N
N

=)
=

Total Integrated Luminosity (pb ')

o

«ﬂ*(’éo »’5?0‘0 x“('éo
Date (UTC)
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CMS-PAS-HIN-13-001

Di-jets in pPb

. . 0.28 rrrr T e
*  pr,/pr, insensitive to N - ]
in ‘ c “iSI nn P 026l CMS Preliminary 1 O78F  anti-k (PFlow) R=0.3 E
X o on, no py prILdt=18.48 nb’ 1 074 ag >2u3, ni<s ]
imbalance 024f 1 on -
AN - p -
: b ©0 o © & 07f—Og0-0
« Jets remain back fo back gz % ¢ e 13% o 8,. ©
5 I = ] & ossf - *
° i H u N
Consistent with pp 02f | 3
reference o18f 1 ossf :
: : [ ] 0.62f -
® 'I' N m d|ﬁca'|'| N F I I TP SIS S | PN I I PP P S
STro g mo on o 01830 20 30 40 50 60 0 10 20 30 40 50 60
dijet pseudorapidity £ (Gev) £ (Gev)
25 T LI B T L LI L B -0,1 -------- LI B B S B S B S A S B S S |
- CMS Prellmmary Ol E:_"Fllnl"[l<20 GeV] ] r ' ' ' ' ' l E
5 prI Ldt=18.48 nb™" = 20 Gev<E""™ <25 Gev T o2 P,,>120 GeVic 3 1.1 ® PPbYE=502TeV ]
21 anti-k (PFlow) R=0.3 * 25 GeV<Er ""<30 Gev ] i o ] O PYTHIA+HWING 3
_ 8 ) 30 GeV<Ey " <40 GeV | - P> 30GeVic ] 108 PYTHIA .
3| 8 [ A9,,>213 HFIIi>4] 0.3 E :
g & [ x EFIPY 40 Gev ] - ° 1 B
Z |§ 15 p,,>120,p ,>30GeVic - A - 3
e o ] S04pO0- oy £20.95 e OO
E oL O 2 7 7 X ¢ s} © © O ]
5 L , o - n : -
— :g 1 /0 xk /*I, A \g\i‘ ] 05 - . h 09 e . E
z | f iy ‘9\% ] : 0.85 . .
- o 1 - -0.6F - -
os 247 i . : ] 0.8 3
- QIIIA* ‘\. 1 _07'....|....|....|....|....|....f 0.75 ....I....I....I.-..I....l....l-'
Pl K&H - "0 10 20 30 40 50 60 " 10 20 30 40 50 60
e ik Loy | R B P R L. HF |>4 HF |>4
05 1 0 1 2 5 " (Gev) " (Gev)
ndijet
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CMS-PAS-HIN-12-016

Inclusive Spectra of Charged Particles

CMS preliminary CMS preliminary

‘pPbvs=502Tev | * = BEFIRAEALMS E= = .
=l =2l Average p; increases
5" U, ‘; rapidly with mass of
$ s | | hadron
§ § | - ,
210 ST S { * Spectrum is fitted to
3 s f e Tsallis-Pareto
) [ distribution
10 B T 10! i1 AMPT \
{f— EPOS(LHC) _— [l :}— EPOS(LHC) R
pii-—— Hijng24 e ij-—= Hijing21 Sty ]
: . . . 2 _ —n
0 0.5 pr[lec] 15 2 0 05 pT[G:wc] 15 2 d N _ dN . C pT |:1 N (mT m):|
L Uspway dydpr  dy nT
o égglsf LHC) ' p-Pb\§l=502‘I'exf e  o-P S=502TeV ' ]
03 | " Hiing 21 -~ ]
vast N { * All generators predict
N ] g steeper p; spectra
E 0.15 - 5 1 ;_r ‘ TR~ e L5 ] d CharaC+eriS1‘iC$ OF
ot | osf | : particle production is
Yoy _. L strongly correlated
| | LEK with event particle
e event parficl
pr [GeVic) pr [GeVic] m u “- l P I l C |'|'y
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Public CMS Results

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
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The LHC Timeline

2009 < LHC startup, Vs = 900 GeV Fof Hewer OEAN-DG
2010

201 \s=7~8 TeV. L=6x10°* cm? 5’1, bunch spacing 50 ns

2012 ~20-25 fb"!
2013 ~ Go to design energy. nominal luminosity

2014

2015

2016 Vs=13~14 TeV, L~1x10%* cm? s, bunch spacing 25

2017 s ~75-100 fb-!
2018 \_ Injector and LHC Phase-1 upgrade to ultimate design luminosity

2019

2020 Vs=14 TeV, L~2x10% cm s!, bunch spacing 25 ns

2021 . ~350 fb-!

2022 HL-LHC Phase-2 upgrade. IR, crab cavities?

2023

S Vs=14 TeV, L=5x103* cm2 s, luminosity leveling 3000 fb*
29-JUNE-2013 ANDREW IVANOV, KSU 51



Conclusions

T ERCSIE prerparlng For 14 TeV collisions and high luminosity run
« Stay tuned for new results!




