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Leptonic channels at 8 TeV
— Dilepton (ee, pu)
— Multilepton

— W
— Ditau - Searches for t/b quarks channel will
be discussed a talk by F. Margaroli

Jet channels at 8 TeV on Wed. in “Heavy Quarks” session
— Dijet
— Multijet
Bosonic channels at 8 TeV
— Diphoton
— Diboson
Preliminary results at 13 TeV data
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SILICON TRACKER
Pixels (100 x 150 um?)
~im?  66M channels

Microstrips (50-100um)
pixels ~210m? 9:."6M channels
e Ly CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER (ECAL)
EC AL 76k scintillating PbWO, crystals
HCAL
olenoi
Soleno d PRESHOWER
Steel Yoke ~ Sioon skips
5'*‘:;!;;?1 UORS ~16m2 137k channels
STEEL RETURN YOKE
~13000 tonnes
SUPERCONDUCTING |
SOLENOID y \
Niobium-titanium coil ? - ]
carrying ~18000 A / . ¥ FORWARD
;i CALORIMETER
;{,'.' % \ Steel + quartz fibres
HADRON CALORIMETER (HCAL
Total weight : 14000 tonnes Brass + plastic sciniator / ¢ MUON CHAMBERS
Overall diameter :15.0m Barrel: 250 Drift Tube & 500 Resistive Plate Chambers
Overall length 128.7m Endcaps: 450 Cathode Strip & 400 Resistive Plate Chambers

Magnetic field 138 T
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Dilepton (ee, pyu)

JHEP 04 (2015) 025

. 5 20.6 (8 TeV)
Model independent shape-based 3 12 T oms |
search for a narrow resonance 2 g S
 Further interpretations of high if 102 Ej;:g’dgg’wz’zz’“
mass dilepton ‘100
Standard CMS high pT muon/ 1
electron id and event selection are .
used e ..
Dominant background 107600 200 300 400 000 2000
— Drell-Yan, ttbar, tW, diboson - 10 9717 @ TeV)
— Jets misidentified as leptons 3 12 o
. c 1Z—e*e
(W+jetS, QCD) 2100 -tyi,tw,ww,wz,zz,n
. > [ Jets (data)
Highest mass event: 1.79 TeV o
(ee), 1.87 TeV (up) 1
10
10
10°
10* 56" "700 200 300 400 '1'o|oo( G20
m(ee e
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Dilepton (ee, pyu)

Limit on the resonance mass M
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Q
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T T T T I T T T T

IIIII\II-J.IIIIIIIII

CMS

T
Median expected

[0 68% expected

* M(Z'sqy) > 2.90 TeV, M(Z'y) > 2.57 TeV

M(Gre) > 2, 73, 2.35,

o(pp—=Z'+X—l+X) / o(pp—=Z+X—Il+X)
o
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S
JHEP 04 (2015) 025
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Lepton Flavour Violation

Decays of Z—2>ep

SUSY

Oppositely charged e and
Dominant background: Z-> 1T

CMS-PAS-EXO-13-005
— New physics like massive Dirac or Majorana neurinos or R-parity

Br(Z>ep) < 7.3X107

CMS Preliminary 19.7 tb™ (8 TeV)
relimina 71! S L=
S 106,;9{'3. IPI liminary R .1.9,7f.b.(8.T.eVé % 500E b outa E
8 - ¢ Data Bkg uncertainty 3 O] 18 O:_ g uncertainty -
o = uncertain —_]
8 105 £ Signal, B(Z— e”)=1’<10-6|:| I E < 160:— Signal, B(Z— e)=1x10"® =
) = . o™ IX ignal, — eu)=1x ]
™ 4l - ff, tw, Tw - Diboson, Z— ee/uu _ ~ EERR0R 3
~ 10°F E o 140 [z E
.."E’ . |:| Misidentified leptons 7 S 120;_ - —_— _;
o 107 = > = R 3
Lﬁ - = 3 L 100:_ IR - Diboson, Z— ee/un _:
102 ?: 80;_ D Misidentified leptons _;
- ] 60; B =
10¢ : a0E bt =
i 20§ e
631_5j SN SN W o ’ 3’15 — - ‘ }
gis. TR ) - SRS R R il L
g RIS g PSS '
80.5; + Q0.5 C A A B
70 80 90 100 110 120 80 85 90 95 100
me, (GeV) me, (GeV)
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Lepton Flavour Violation

- Decays of new heavy resonances CMS-PAS-EX0O-13-002

— Resonant v, LSP production in RPV SUSY
— LFV gauge boson (Z'/a’) exist and generate tranisitions between

families .« RPV: M(v,) > 1.3 TeV
« QBH: My, > 2.36 (3.6) TeV for n_,, = 1 (6)
th ext 4
> N <I|9I7Ifb:1 (I8 :I'el\/;) 3103 = 19.7 fb (8 Tev)
- - —e— 95% CL limit
© 10'e CMS B i T [ CMS
2 Preliminary E ww 3 % Preliminary | - median expected limit
3 DY L
= 10 Bl jets E X 102k [ 68% expected
[72] 7] -
"GC‘J' 102 Ee\% E! © C E 95% expected
o 10 mwz,zz ] - RPV signal (NLO)
—+ data 3
] 10
1 - 3 7‘|311=}‘132=0'01
10" - -
1=
102 =
3 i
10 200 400 600 800 1000 1200 1400 1600
M, (GeV) 107E
o .3 -
2.5 L
%12 + |\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\ \\l
3 3 PUOURC IR 2 SR S S IS R I 200 400 600 800 10001200 1400 1600 1800 2000
+
g 9z 400 600 800 1000 1200 ~ 1400 . 1600 v, e
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Excited Leptons

CMS-PAS-EXO-14-015

Look for single production of excited lepton . y |
€, i, J
— Final state with lIZ: Z boson is boosted " A e, 11,
# v
— Relaxed isolation is applied e/ 1
lly final state: M(I*) < 2.45 (2.48) TeV for e(u)
IZ final state: M(I*) < 2.35 (2.38) TeV fore(n) « e/
> ---|---|---|---.---.-1?'7.fb?1-(8-T|ey)
_ 10° 7 eey(MO) E
CMS 19.7 fb (8 TeV) @ cms ot 3
Preliminary f = 'f' =1 8 105 Prfllm/nary (;;{Ittfeclt(ron fake E
- L ~10*F €€ T eer ve -
e @ e el M <200 Gev
ee*—eeZ—>egjj %103 SignaI:M::=1000 GeV '?
ee*—eeZ—eeee Lﬁ e _?
108 # _f--r--rmmmmmmomoot E
ee*—eeZ—eeuu E 3
ee*—eeZ—eell 1 = e E
. 107'E E
My 1020 E
U = Z—>ujj 1070 cemeensd
H ., L L | IE
Hur—puZ —puup : 0 200 400 600 8(I)0 10I00 16200 1400
upn—uuZ—>uuee I Mrin (GEV)
uw*—uuZ—pull ‘ ‘ ‘ ‘ ‘ : : : (:j:? = fgé
14 16 18 2 22 24 26|14 16 1.8 2 22 24 26 < o.é -
Excluded mass for A = M« (TeV) 1 Excluded mass for A = M« (TeV) -Of;o ";);}— - o ———
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Heavy Lepton Partners of Neutrinos

CMS-PAS-EXO-14-001
 Look for triplet state: 2°, Z*- g , =

— Type lll seesaw

— Can explain why the neutrino has a
mass and it is small

— 3 isolated leptons and large MET in the final state

q

CMS 2012, Vs=8TeV, L=19.7fb "

1.0
140 GeV
180 GeV
CMS 2012, Ys=8 TeV, L=19.7 fo’ 0.8F 220 GeV
§ ....................................................................................................................................................
‘f - 260 GeV
© 2 —.
10° == 061 280 Gev
C: Z.
L. ~
S - 300 GeV
e L PR, X 04
10 =
= NNLO V=V, =V =10, 5= B . 320 GeV
. - Expected (CLs) B PP PRSPPI ..
_ " [ Expected at 68% confidence o e
| .. [ Expected at 95% confidence ... ... ...l
—e— Observed (Bayesian)
1fg; === 0 x B (theory NNLO)

150 200 250 300 350
M,. (GeV)
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W' =lv (e or y)

New heavy gauge bosons can appear in many BSM models
— SSM, RS gravitons, composite Higgs, etc. PRD 91 (2015) 092005

— Signature based to cover all possible
scenarios and interpret in many
benchmark signal models

W’ couples to fermions as the SM W =

19.7 fo™ (8 TeV)
T T T T

T I T T T |
e Observed limit e + E?‘_SS |
19.7 16" (8 TeV) < — — Observed limit u + EFTnlss
%1 0° C|v||s ISSM W L -V:I I 5 —— Observed limit combined
Q) a0 wrErs T M=2000GeV Bt single t m ™\ T Expected limit combined
m 3
"—1 0 __HNCCl— v, )% % 7] Expected limit combined = 1o
~10° A =4000 GeV M aco B [ Expected limit combined = 2 6 |
§2) DM, A =200 GeV, [ Diboson ®) 10 E \ 3
qC)102 M,=300GeV,E=+1 4 po - CMS -
Lﬁ 108 B2 syst. uncer. i \ e+ E$iss, w+ E:iss i
E L N Limits at 95% CL
1
X 1
10" -
10280 B i
10° - -
10* 107 E
IC | 1 1 I 1 1 I 1 1 | 1 1

500 1000 1500 2000 2500 500 1000 1500 2000

Ur (GeV) M(Wggy) > 3.28 TeV M (GeV)
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W =21V

CMS-PAS-EXO-12-011
Submitted to PRL
(arXiv: 1508.04308)

* Test a possible non-universal coupling
« Consider hadronic decay of the T1-lepton
 Distribute the M; variable

19.7 b (8 TeV)
T T T T

> T T T I T T T I T T T I T T T I T T T I -I ] ,
D s cMms =_‘|’_‘(’)p =8$Dlets 7 M(W SSM) > 27 TeV at NNLO
g 10 E Preliminary mvv + data E 19.7 fb™ (8 TeV)
~ E @Sysrtﬂ:r"\:ezrzz Tov E El T |_“| L L L L B I. I.I [T 1]
—— 5 —_— My, =1 TeV = — Observed limit B
_,g 10 = —— M, = 0.5 TeV -0.1 3 om - - Expected limit
q>_) E E X 10° = - Expected limit =10 —
L 10U = @) - [ ] Expected imit=20 ]
E 5 E ------- SSM W' NNLO E
1 = g . Limits at 95% CL
5 o
1 | N C ]
10 E a i -
3 (@)
| - - -
o
200 400 600 800 1000 1200 1400 10
M, [GeV] - i
- CMS i
| Preliminary . i
11 | 1111 | 1111 | 1111 | 1111 | 1111 |‘I"l 11 | 1111 |
) 1 500 1000 1500 2000 2500 3000 3500 4000
200 200 600 800 1000 1200 1400 M [G eV]
w' _
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Ditau

« Consider 1.-1 final states

CMS-PAS-EXO-12-046

19.7 fb'! (8 TeV)
= 10° T ' L
(e“ Channel) 2 . cMs —— Observed
. . E Preliminary Seee-- Expected +1o
« Main backgrounds: ttbar, Tl Expected =+ 20
dibosons, Drell-Yan, 5 _g:ssm
. o —
multijet from QCD X !
N
T 2 ]
197 1b"(8 TeV) g" M(Z’SSM) >1.
) ) - éMs — T T T T © 107 M(Z l-lJ) > 08 TeV
c . ' i N S L | | | . |
o v Preliminary s W B 500 1000 1500 2000 2500
W -glrgﬁsgn Z' mass (GeV)
- LB 19.7 fb™' (8 TeV)
0 = 4 ADD A, (28Tel) ,
______ [ Bkg stat uncertainty _’g"o ETT T T T T T '(')'b' r "'j' I =
T = - CMS —_— serve B
| B qo - Prefiminary B Expected + 1o =
10 T = E
......... e, WL - Expected + 2¢ m
1020 S 500 — 1000 1500 — 2000 — 2500 — 3000 g 1 g_ - ADD _g
o | < [ ]
Yo =F N 3 10" =
5 N - R ;
a TT1L+ | E 9 102 é —;
¥ 50 1000 TE00 20 20 0 ® L /\T > 28 TeV 3
M(GM,ET) (GeV) 107 500 2000 2500 3000 3500 4000 4500
As (GeV)
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Dijet

« Search for hint of new physics in the dijet PRD 91 (2015) 052009

mass spectra for narrow/wide resonances String res. < 5.0 TeV
Excited quarks < 3.5 TeV

» Geometrically close jets (dR < 1.1) combined  scalar diquarks < 4.7 TeV

into wide jets: use to measure m; W’ (SSM) < 2.2. TeV
. . . . Z' (SSM) < 1.7 TeV
* Highest dijet mass is at 5.15 TeV RS(g, c=0.1) < 1.6 TeV

19.7 b (8 TeV)

©
N
g
3
_|
)
<
—
Q
i

L

> - CMS - String 3
8 1 —$- pata = 10 i - - - Excited quark ]
< S E Axigluon/coloron 3
L wEe N Qch MC % c — - Scalar diquark ]
- 102 -~ S8 3
€ 10 JES uncertainty m = . e W' SSM 3
o s Z' SSM .
~ X N
9 : 105 ™, RS graviton (kWM=0.1) 3
S 10°L W(1.9Tev) Wide jets (R = 1.1) ) = '\‘?‘% graviton (| ) E
B \"\’,"’77 ]
10¢ Il <25 & lan) <1.3 TE a3 E
10° N gr@eTev) 10 _E N E_
108 C ]
102 J =
107 - oL | T \ ]
g 95% CL upper limits R ARG OS00So~ S
. 10° Ci v ARRSeeedY uudd
10°E 5 F —e— gluon-gluon BN s N =
o AFT T ‘ : ‘ 10 —e— quark-gluon ’7"',, b ~ N
© 2F g = ~, BRI
3 E 2 m g - N _ \, s,
% (2) g - é 10° 4 | _?F \qu\ark\ qL‘lar'\( TR B R T&"‘x, L1 | L 3
o 4 ; = 1000 2000 3000 4000 5000
1000 2000 3000 40(_)_0 5000
Dijet mass (GeV) Resonance mass (GeV)
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Multijet

« Pair produced resonances decaying to jets: XYY, Y-2jj
— Exclude top squark masses for decays to light (heavy)

jets in range

— 200 < m(jj) < 350 (385) GeV

PLB 747 (2015) 98

94T 8TOV) 0 16V
§1o5 CMS ﬁﬂ- n ... Top squark pair production CMS
e Inclusive data (high-mass search) b - | L.
8104 Background fit 10 k= I Naio (t—=qq) — Observed limit
TH0%E Seee,, My =400 GeV (T~ qq) \ o I5= Expected = 1o
1\%102 ------ Expected = 20
< 10k ) % o 1 (a) Low-mass search (12.4 fb™)
’ '-.‘ ’ + - (b) High-mass search (19.4 fb™)
107 ' 1 I
2 : 1 10
§10g .|....:..'..|....:....!....:....I....:..'..!... § I
£ 9 et g g b (a)l )
v 4 L u 10° T I B SN BNy SR BN R
§ 200 600 800 1000 200 300 400 500 600 700 800 900 1000
= m,, [GeV] Mf [GeV]
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Diphoton

« Look a signature of an excited state of the graviton in the RS model
Simple final state, large background

« Background: SM diphoton, photon+jet or di-jet processes (jets identified

as photons)

* Limits on M(Ggg): 1.45—-2.78 TeV for 0.01 < k/Mp, < 0.1
CMS-PAS-EXO-12-045

CMS _ Preliminary 19.5 fo (8 TeV) CMS Preliminary 19.5 f5" (8 TeV)
3 | T T | T T T T II T | ‘ T I T T T T T T T T T T T T I T T T T I T T ] E 0.1 - —
% 0.005|~ | 11 —e— 95% C.L. Observed (§ = 0.01) - lé MS 95% CL Limit -
> B I | 1 e 95% C.L. Expected (k = 0.01) ] ~ i
B \ [ = 1o Expected (k = 0.01) i O o8k | CMs22fBat7TeV |

o B | ‘ 1 = 20 Expected (k = 0.01) 1 c ]
/l\ 0.004 — \ — g t gg; ] E_). mmm | CMS Expected Limit ]
o § |1 oo 13 i

o= B ] 0.06 ]
S 0.003F \ | 4 © ]
- - 0.04} a

0.002] - | ]
0.001- -] 002 ]

: ' B R B R R | AT SN ST S| : T T T T T T

500 1000 1500 2000 2500 3000 3500 1600 1800 2000 2200 2400 2600
+ (GeV) M, (GeV)
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Diboson

« Massivie resonances in dijet (multijet) searches with W, Z tagging

— Used jet-substructure for boosted signature

— GRS->WW (left), WZ (middle), WH->Ivbb (right) resonances
JHEP 08 (2014) 173

CMS, L=19.7 fb™, /s =8 TeV

CMS, L=19.7 fb™, /s =8 TeV

CMS PAS EXO-14-010

CMS Preliminary e+u combined 19.7 fb™ (8 TeV)
3 10 E T T | T T T T | T T T T | T 3
— Observed — Observed e T ——e—— FuicL obseved
o) 1= 5] Expected (68%) _ 1= [ Expected (68%)| T || s Ful th Bxpected - 1
E E H mmee= === Fu xpected + 26
& F Expected (95%) 'g_ F Expected (95%) % ] HVT B(szas:xsecw*BR(W' - WH)
g — GRS —- WW (k/mm: 0.1) 5 —_— W WZ 3 ; . ------------- LH model:xsec,, * BR(W' — WH)
S 10 = s | e
Tw | & 10 g
o
S 10%: S
@ m)i 02 e
5 o S E
10°F R
clovvv v b b ING ] cl v v b by L 10—3|| T R R I N R | |
1 1.5 2 2.5 3 1 1.5 2 2.5 3 800 1000 1500 2000
Resonance mass (TeV) Resonance mass (TeV) My (GeV)
« Small excess around 1.8 TeV (1.50 in VV, ~2.00 in VH)
— Enhanced in exclusive decay modes
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Status of LHC Run I

* Run Il operation with 50ns completed successfully
— Start 25ns operation from August
— Performance studies are on-going

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2015-08-25 05:56 UTC

__ 250 1250
7 - LHC Dellvered 205 76 b_1
2 =1 CMS Recorded: 175.17 pb*
> 200 — 200
3 CMS Preliminary Calibration
c
'€ 150f 1150
3
-
-]
£ 100} 1100
o
o
7]
e
£ sof 150
©
e
2

0 “| “| \| \| g| g| 0
W N A\ A\ Oy O
Date (UTC)
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First 13 TeV Collision!!

 LHC collides protons at 13 TeV
— Physics run started from June 37!!!

. CMS Experiment at the LHC, CERN
Data recorded: 2015-Jun-03 08:48:32.279552 GMT

Run / Event / LS: 246908 / 77874559 / 86
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Resonances

Special Triggers B% — J/y ¢

In certain mass regions with displaced J/y +
and with different p; cuts track trigger
108 - O 20 pb_1 (13 TeV) - - o - 'q;glqt‘)quslreg/)' —
. = CMS . o § 700 3 Prelimﬁr';nry E
10" = Preliminary Iy Q 600F B°— Jiy K
= JAp . Ry g p,>10GeV ]
108 & (0 B, £ 5001 — Total fit E
; - Y () C Combinatorial bkg
5[ Y [ low mass double muon + track |_|>_, 400 - Signal =
10 EE double muon inclusive 300 - E
10* 7 200} s
10° 100+ L =
102 0551 52 53 54 55 56 57 58 59 6
My, k- [GEV]
10 Mass:
W'y invariant mass [GeV] PDG: 5366.7 + 0.4 MeV
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/Z Boson Resonance

CMS Prelimi s = ,L=213pb" - »
22500 TTTT |r|e| rlnlnlalryl T ||S| I1|3|T|e|\/| |L| ||2? ?IPB Q :c.".'s. ’7’?”"77’"7‘?’}" e '@T 1|3IT|e\II,IL |=|43| ;l)t;
§ | Data ECALBARREL | 590001 E
LIJ2000 :_ D Z(ee)+jets _: U>JSOOO ;— —;
L Uncalibrated | 7000 =
r electrons ] E B
: | s000: :
1000:_ _: 4000;— —;
: 1 3000 :
i 1 1000p E Z ) —
0 60 70 80 90 100 110 120 130 B0 70 80 90 100 110~ 120
uncalibrated m... [GeV] m(up) [GeV]
5.6 pb'at 13 TeV
Z%ee Z%uu ..(L) E|||||||l||||||||||||p|||||||E
§ 20 CMs U
w 18:_ Preliminary o Data =
16 —
14 = Z—-> 1t E
F H EWK ]
126 QD E
Z — Boson as standard 0 =X E
8F W zZ-u =
hysi dl o E
physics candle | :
ok + -
= : j — 4
00 50 100 150 200 250 300

m.. [GeV]
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Dijet Search at 13 TeV

CMS PAS EXO-15-001
With 42/pb expect to exceed the sensitivity of 8 TeV analyses only for

narrow resonances with masses >= 5 TeV
The dijet mass distribution is fitted using 4-parameter function

42 pb (13 TeV) 42 pb' (13 TeV)
LI I LILLIL I LI I LI I |||||||| I LI I LILILIL I LI I l: S 1 I L ] L I LI I LI L | LI l LI I | L
> 1 — & 1 02 = CM.S. —m String =
& 1 < F Preliminary ... Excited quark ]
- —¢— da ] C s E Axigluon/coloron ]
-8_ 10! background fitto data  — X - Scalar diquark -
= B s e QcD MC 1 oM - \?Ve e 8
g e o (45 TeV) 1 % 10k - Z’SSM -
B 3 - RS graviton (k/M=0.1) J
o) E @) = ]
10 +5¢ - a 95% CL upper limits -
| < 2.5, |An| < 1.3 3 - — gluor|1(-glluon -
M.> 1.1 TeV . _ —— quark-gluon
10 Wide Jets 1E %, —— quark-quark 3
10° - .
o s RN s e ccrave
= D= ; I : . _ N . 5 5 i, s
I_-f (; .......... h . 1 O 1 E_ \‘ \\ ‘\: 1”’ \,‘\, —E
g 21 """"" ; : ; ‘ : il ITETETET T WA AW L WA T LT N s
&5 S - - : : .
= ’ 1500 2000 2500 3000 3500 4000 4500 5000 5500 1000 2000 3000 4000 5000 6000 7000

Dijet Mass [GeV] Resonance mass [GeV]
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Dilepton Search at 13 TeV

Events / GeV

 Two isolated leptons are required

« Highest mass events are observerd at around 1 TeV for dielectron and
dimuon channels

* Run 1 sensitivity will be reached after about 2/fb

42 pb”' (13 TeV) 48 pb' (13 TeV)
10° oms | 8 g + Data cMs
— ~ 1 */Z —_ + - . . E_
¢ Data Preliminary 3 o E:t " WY Preliminary
10° - £ , ]
[ vze'e 12 @ww, wz, zz E
10 I W, ww, Wz, 22,1t = 1 .
1 . [ Jets (MC) = 35
ty 3 107" 3
10 ] -
3 -2
10—2 - 10
10° 107
10—4 | ) 0 ; 10-4
80 100 200 300 400 1000 70 100 200 300 400 1000

m(ee) [GeV] m(up-) [GeV]
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Dielectron Event at ~3 TeV

In the additional 25 pb! data @13 TeV and 50 ns processed last Wednesday:

An event with a di-electron mass of 2.9 TeV has been observed

The event consists in two perfectly balanced electrons and no other significant activity

CMS Experiment at LHC, CERN

Data recorded: Sat Aug 22 04:13:48 2015 CEST
Run/Event: 254833 / 1268846022

Lumi section: 846

L
® ——--

M= 29TeV !l
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Many searches for new physics are delivered with Run | data and stay

Summary

tuned with new 13 TeV results from CMS

LQ1(ej) x2
LQ1(ej+LQ1(v))
LQ2(uj) x2
LQ2(uj+LQ2(v))
LQ3(vb) x2
LQ3(tb) x2
LQ3(tt) x2
LQ3(vt) x2
Single LQ1 (A=1)
Single LQ2 (A=1)

RS1(yy). k
RS1(ee,pp), k

CMS Prel%min1ary 2

SSM Z'(t7)
SSM Z'(j))

SSM Z'(ob)

SSM Z'(ee)+Z' ()
SSM W' (j)

SSM W'(Iv)

SSM W' (WZ-Ivll)
SSM W'(WZ—4j))

e* (M=A)
B (M=A)
g’ (q9)
q*(@y)
b*

coloron(jj) x2
coloron(4j) x2
aluino(3j) x2
gluino(jjb) x2

stopped gluino (cloud)

stopped stop (cloud)

HSCP gluino (cloud)

HSCP stop (cloud)

q=2/3e HSCP

q=3e HSCP

chargino, ctau>100ns, AMSB
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CMS After Long Shutdown 1

Tracker: Tracker / Pixel:
~1 m?2 Pixels (66M  Cold Operation

l / 3\ ~200 m?2 Si microstrips (| €hannel Recovery

Iron Yoke

/

DAQ and HLT:
New computers
Improved Trigger i

\

tations of
on detectors

4th Muon Station

~
B /S

New Detectors
for Luminosity

3.8 T Solenoic

ECAL: Electromagnetic
calorimeter - 76K PbWO; crystals

HCAL: hermetic Brass/

14,000 tons B - : CAL
21'm long Scintillator sar.nplmg hadronic 51 tosensors
15 m diameter calorimeter
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Detector Commissioning

* All sub-detectors ready for data-taking

* Active channel fraction higher than Run 1
Active Detector Fraction Run 1to Run 2

B End Run1
(Feb 2013)

B Start Run 2
(Jul 2015)

Pixel
Strip
EB+EE
EB
EE
ES
HCAL
HB
HE
HF
HO
DT
RPC
CSC

90 91 92 93 94 95 96 97 98 99 100

Fraction (%)
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Luminosity Ratio

J. Stirling
WJS2013
100 | L L L LI | L L L L L L L LI | L L I"'
[ ratios of LHC parton luminosities: 13 TeV /8 TeV I;"
[ /
In gg fusion: /
forvé§=1TeV, ; ;
o forV§ =2TeV, ; /
= forv§=3TeV, . : | /
© for V§ = 4 TeV, . /
> /
= 10 R/ B
@ In qq, | A -
= 7, /
=
=
MSTW2008NLO
1 M B R | ) ) ) ) M B R R | ) ) )
100 1000
M, (GeV)
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LHC Operation

Energy increase Injecti
LHC 8 TeV to 13/14 TeV t?;l)zggg HL'LHC

® Luminosity @ Ultimate luminosity

PU=[100@25ms| o, 40E434 , . 1 1000.0
|200@50ms| ~ =~ ~==Integrated - 'baseline's+++Integrated - ultimatg ..+*" e
4 3.5E434 ( \ ) RYTEE o
E 30432 1000 . o
> 255+34 o4 ns / W 3 Luminosity-
- L | e leveled at
—| 50@ 25ns | B 00 =
PU‘[loo@@)z)SOns” 2 20E+34 — 25 ns ~ .25 ns_ 1 E 5y10% cm2el
! .E Vs P V) o ] o= | .
g 1oE - o — 5 inHL-LHC
PU={§38§(5)$ e = 1.0E+34 H 1.0 %
. =k ©
®  5.0E+33 T o %
Q. 0.0E400 L rF_ Zimmermann, CMS Upgrade Workshop, 11/2011 A %
"Ue 3 3@ 23 @ 58 28 8
o o o o o o o o o o o o
LS- Long Shutdown Year Interaction
region
8x10%° Hz/cm? 2x10%Hz/cm?2  ypgrade 10%° Hz/cm?
30 fb! 300 b1 3000 fb-1
——— Phase 1 Upgrade A

Phase 2 Upgrade
E—
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The restart of the CMS magnet after LS1 was
more complicated than anticipated due to
problems with the cryogenic system in providing
liquid Helium.

e Inefficiencies of the oil separation system of
the compressors for the warm Helium required
several interventions and delayed the start of ‘
routine operation of the cryogenic system.

e Currently the magnet can be operated, but the continuoup-
time is still limited by the performance of the cryogenic system
requiring more frequent maintenance than usual.

e A comprehensive program to re-establish its nominal performance
is underway. These recovery activities for the cryogenic system will
be synchronized with the accelerator schedule in order to run for
adequately long periods.

e A consolidation and repair program is being organized for the next
short technical stops and the long TS at the end of the year.

Magnet Cryogenics
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Sensitivity at 2 TeV: Electron Excess

An excess with 2.80 @ 2.1 TeV visible on the egjj invariant mass in the
search for Wy (not observed the excess in mumujj)

Similar excess (@ 650 GeV) is observed in both eejj and evjj channel in
leptoquarks searches (dominated by evijj)

19 7fb (8 TeV) 3 UL l! L) l! LR LJ__;L,'_!}‘__,_,!_[_I ] I T 1 ; LI I LI
o~ T T T [ T T T T L (¥ { LQ m - C\l]
%,) 3 ' CMS + ' Data(1717) i ~ 10 Y NN | ATLAS exclusion (1.03 fb', 7 TeV)
F10°F 273 11 (1147) E a : ¢ (255 CMS exclusion (S0 ', 7TeV)
N 2 - DYlets (475) ] i 2221 CMS exclusion (19.6 fb*, 8 TeV)
St Cime 3 E 0 [CSSEERkaR)
7 T Mwp =20 T8V D) i - - - - Expected 95% CL upper limit
"g 10° SN o T Mw, = 2.5 TeV unbinned a- 1 ; : —e— Observed 95% CL upper limit
> : R : O e%s% Pes® ! ] .
SN | 012
. g 10"} 12|
10F G, 5 o
: B 5 Iev 3
15 L = 10 E
10" 1 N o
= 4F - - ' & R BRLEE |
[ - All Systematic Ur}denalntles \\ =
% : - No Shape Unce[(tainty i 10-4 ) o2t %58 ] T
2+ | —
i S SO — - 300 400 500 600 700 800 900 100011001200
5 2 é M, (GeV)
EPJC 74 (2014) 3149 Mqe [TeV] CMS PAS EXO-12-041
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Sensitivity at 2 TeV: Dijet

« CMS observed ~2.00 (local) and ATLAS also did small excess (but not
much like CMS)

* This is the ONLY place where both experiments observed with limit >

expectation!!
19.7 o™ (8 TeV
3 104§ | T T T T ‘ T T T T ‘ T T T T |( T \e \)§ :8- EI | T T T T T T I* T | T T T T T T T T T T é
g , - CMS 95% CL upper limits | — 1 03 ? == 4q -
< 10 E - S8 —o— Observed 1 iE E\ —e— Observed 95% CL upper limit 3
X g e Expected ] © 102 L \\ ----------------------- Expected 95% CL upper limit _
03 - [ =10 ] O\ e 68% and 95% bands E
) 1O§E L E 10 \\ E
= 4 : \P\RD 91 (2015) 052007 ;
C ] 1E AN = S
101k 1 3 A ﬂ_ dt=20.3 fb ]
g E s ) /s=8 TeV .
1072 E E 1 O-1
. C i B Teea-
10 §E ?g 10—2
104 -
E s E -3 N
-5 \: | | | ‘ | | | | ‘ | | | | ‘ | | | | "l | | \: 1 O L | L L L L | L L L L | L L L L | L \ L L L
19" J000 2000 3000 4000 5000 1 2 3 4 5
gg resonance mass (GeV) m,. [TeV]
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/' Projection at 14 TeV

» Projection of discovery reach at 14 TeV with 300, 1000, 3000/fb
* Used in Snhowmass white paper
« Studies are based on generator level extrapolations and scaling of

8 TeV results o CMS-NOTE-13-002 (2013)
8 E cuSProjection Preliminary, (s=14TeV
% - —e— discovery at 5c with 300/fb

——— discovery at 5¢ with 1000/fb

—=&—— discovery at 5¢ with 3000/fb

Important to understand
the future expectation
to decide the detector

| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| " TTTTTTH

-HI| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| L L ILIlH

-4
upgrade plan 10
—e—o—0o—o
10° Z' o (LO)
— 2 (LO) —a
—7,(LO)
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1000 2000 3000 4000 5000 6000 7000

m(u*n) [GeV]
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