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Publications

Show all Total Exotica Standard Model Supersymmetry Higgs

Top Physics Heavy lon Forward Physics

400 papers submitted as of 2015-06-09

90 @
1 Publication rate steady,

1 ~2.5/week @)

701 400 papers submitted o ﬁ @9

http://cms-results.web.cern.ch/cms-results/public-results/publications/
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The LHC
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The CMS detector

3.8 T superconducting solenoid
envelop:

® Tracker (silicon pixel and

strip detectors) [n| < 2.5 CMS Detector P 00 150, h

Tracker
e ECAL (PbWO, crystals) |I-|C

Solenoid
e HCAL (brass/scintillator

samplers)

Muons

Barrel || < 1.48
Endcap 1.48 < |q| <3.0

® Muon Chambers - gas

HETER (HCAL)
ar

Total weight : 14000 tonnes

ionization detectors embedded Queral dameter 15,0 m
in steel return yoke outside the vegmetofie 1387
solenoid, |n| < 2.4

Drift Tubes, Cathode Strips

and Resistive Plate Chambers
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Physics Objects

= Event description in form of mutually exclusive particles

Charged
hadron

—> identification of all stable particles

. HCAL
produced in the event

deposit

ECAL
— combining capabilities of each sub-detector deposit

most precise measurement
of the energy and direction for each particle |

= individual measurements combined
by a geometrical linking algorithm,
e.g. extrapolating a charged-particle track into ECAL and HCAL
particle ID on blocks of linked elements

Physics object reconstruction utilises this technique, excellent performing even at high pileup
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Higgs Physics

Higgs is a journey,
not a destination




Higgs Boson Discovery

Great achievement to a four decade long quest
A Higgs-like state pinned down at 125 GeV mass

Higgs sea rch
Higﬂs search \ | | update (072018
update 0407 2012 | i
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Combined ATLAS + CMS

Higgs Mass

Phys. Rev. Lett. 114 (2015) 191803

Results from simultaneous fit to the reconstructed invariant

mass peaks in yy and ZZ*—4l channels for ATLAS and CMS

1 I I I I 1 1 I 1 1 I I I 1 1 1 1 I I 1 I 1 | I 1 1 ) | 1 1 1 1 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 -4l I o | 124.51+ 0.52 ( £ 0.52 + 0.04) GeV
CMS H—ZZ -4l ——— 125,59 +0.45 (£ 0.42 1 0.17) GeV
ATLAS+CMS yy I-—EI—-I 125.07 £ 0.29 (£ 0.25 £ 0.14) GeV
ATLAS+CMS 4l I_l-E_I 125.15+0.40 (£ 0.37 £ 0.15) GeV
ATLAS+CMS yy+4l 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 | 1 1
123 124 125 126 127 128 129
m,, [GeV]
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Higgs Coupling

CMS-PAS-HIG-14-009 2D likelihood scar'l for K, and K,
parameters assuming that I'gg,=0
_ CMS Preliminary 19.7fb" (8 TeV) + 5.1 fb™ (7 TeV) 18 197 " (8 TeV) + 5.1 15" (7 TeV)
M = . gﬂ'} . _I FrTT T T T T T T T TT T | T T 1T T T T 17T | T 1T I_
+ + Observed ¢ SM Higgs - CMS :
- ; 1.6f Preliminary ]
| 14 ]
g ST TN .
1.0 | Q\\ 7
5 2o\ Nt
0.8 N \} %
B - \"“--...._____/ ; 1
06:_ ..... ]
| . 0.4F 3
0 i | E | 1 | 0_2_| N A I A A A AN SN EN I I A AN
0 0.5 1 1.5 0.5 1.0 1.5
KV K’}’

Results within 16 of Standard Model prediction
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CMS (preliminary)

Higgs Spin & Parity

Using full angular information defining 4 lepton system
® For each hypothesis create kinematic discriminant for
SM vs alternative hypothesis

® Perform 2D fit of hypothesis discriminant versus
background discriminant and perform hypothesis test

Consistency with the
SM scalar boson

197 6" (8 TeV) + 5.1 b (7 TeV)
-8 CMS data - - - Median expected ]
S [ESCRE  NESW L ZsasWwoay
F 0"+ 20 P+ 26 ' P ]
0"+3c | JF_'J_rsc_
Iﬁq I I ﬁ Iﬁ I I Several J¥ hypotheses
have been tested
R T
L L Lot o111 % % .;f', % 717 1 1t 1 3
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Higgs Width

) 054024 Physics Letters B 736, 64 (2014)

o\a, ' arno, 35893 CMS 19.7 o' (8 TeV) + 5.1 fo' (7 TeV)
£. Ca _ pPass X.N._J\g’\'\. _|

Kaue", L a\ (af € 10— 4l observed -
Campb < e 4 expected
J ol ——— 2/2v + 4] observed
: 5 [-eeen. 212v + 4l . expected
K Combined ZZ observed .
. . rmnn Combined ZZ expected
On shell and off shell production in ZZ: i
6 }.:'
2 2 - o
O.on—shell N BoeH8HZ7 :
gg—H—ZZ m a- _. _ 95% CL |
2 2 - iy
O.off—shell N EooH8HZZ :
gg—H—Z7 (2mz)? 2r g
Ll B8%CL
0 | L1 | I 1
0 10 20 30 40 50 60

» Observed limit of 5.4 x SM corresponding to
~22 MeV @ 95% CL
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Higgs in Fermion Decays @ LHC

Nature Physics 10, 557 (2014)

Channel Significance (o) Best-fit
CMS s=7TeV,L=5f"(s=8TeV,L =19-20 fb" (my = 125GeV) | Expected | Observed K
Sk VH - bb = (exp.) -=-(obs.) VH — bb 2.3 2.1 1.0+05
: VH - A %gig; +§°ES-§ H— 7 3.7 3.2 0.78 4 0.27
2 1o — 7T (non- - -) =+ (0Ds .
_OI 15
- CMS {s=7TeV,L=5fb" {s=8TeV,L=19-20 b
10" 2%
E o F
: = 18F m,, = 125 GeV
19 ? c\Il 15:_ —— VH —=Dbb
10°L - 3.80 — H-o1t
14 — Combined
0% 12
10_5 é_ Geerr o 10 A
10_6_5 o
1 | | I | | | 1| | | (| L1 I 1 111 | L1 1 1 | 11 6;
110 115 120 125 130 135 E 2)
MH (GeV) 4£ standard
Strong evidence for the direct coupling of the 2
- o
125 GeV Higgs boson to fermions, with an R Y S S E R A Y S R
observed (expected) significance of 3.80 (4.40) K
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Higgs Story

® We know it exists! Phys. Lett. B 716 (2012) 30
® e know its a boson.

19.7fb (8 TeV) + 5.11b" (7 TeV)
IIIIII T IIIIIII| T IIIIIIII T ]

o We know its mass : CMS PAS HIG-14-009 - CMS

I my (CMS) = 125.03 528 (stat) *013(syst)

[ == 68% CL
107F |—95% CL
[ |---SM Higgs

e We have strong evidence that it couples to
fermions Nat. Phys. 10 (2014) 557
Couplings are determined within 15 to 20%
accuracy, leaving room for BSM physics

(M, &) fit
2 68% CL
— 95% CL

® We have reasons to believe that it is a spin O

CP even object 10 Ll

| L1 Ll Ll L
0.1 1 10 100
Phys. Rev. D 89 (2014) 092007 Particle mass (GeV)

® We know it's a Higgs boson!

Is this THE Higgs boson (of the SM) or is it just A Higgs boson?
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BSM Higgs

> Run | searches covered a Ialge E;rge of BSM Higgs bQéon.signatures;#_:; N \
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BSM Higgs Sector

? Next-to-MSSM

i (NMSSM)
Lepton Flavour Violating

Higgs Decays

MSSM / 2 HDM

CP even

Invisible Higgs Decays

SM-like

° One of
these
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Neutral MSSM Higgs

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13021PaperTwiki

CMS hHA- 19.7 fb™ (8 TeV) + 4.9 fb™' (7 TeV)
L] L

CL (MSSM,SM)<0.05:

— Observed

..... Expected 95% CL upper bound on cross-section x

98t (D—71T) - based on the mass shape
of m_. distribution
mapped to m, - tanf plane (4FS + 5FS)

+ 1o Expected

40

+ 20 Expected

30

20
| T miSM 12513 Gev| :
10 MSSM m™* scenario 1 Excludes previously unexplored region:
\3 reaching tan f§ ~ 3.9 at m, = 140 GeV
L I [ ] L L I L L L I L [ ] L
200 400 600 800 1000
m, [GeV]
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13021PaperTwiki

LFV Higgs Decays

CMS PAS HIG-14-005

1 CMS preliminary 19.7 fb", {s=8TeV

[(H — 1%1P) _
apBy _ 5

i '5 ?H}; 3 2 10-1
[(H = I"I7) = —(|Yjge | + [Yjas[*)

87

observed

» Constraint placed on B(H —prt) < 1.57%
at 95% CL

» The best fit branching fraction is
B(H —p1) = (0.89704 ;)%

" The limit is subsequently used to constrain
the Y,, Yukawa coupling
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Invisible Higgs Decays

Measured: Translate into:
Eur. Phys. J. C 74 (2014) 2980
p .. DM P>_ _»p
o«
sl e h
s 2
| CMS 95% CL limits \\
E - ° DM N
> 1'8— Combination of VBF and Observed limit P DM e ““-E)M
C
% 16 ZH,H — invisible Expected limit
- {s=8TeV (VBF +ZH .
% 1-4; L=189- 19(7 fb_l ) ExpeCted “mlt (16) — 10_1 K T T T 1 L T T T T T T
é 120 l\_s _4791;%\/ (Z(INH only) Expected limit (20) i 107 X gamﬁllal‘m':s?;lgBF and cMS
- > 3 N Vs=8.0TeV, L=18.9-19.7 fi5" (VBF+ZH)
= 5~ 107 e < Vs=7.0TeV,L =49 " (ZH) BiHos inv) < 0.51 @ 90% CL
o_ai © 104 “ ) % My = 125 GeV
- C ~NL Q :
C 5 ;
0.6 '-g 10 \ \
T ——— S 10f -\ N\
0 D eTETRN ;
02— % 8 N \\ i -
C 1l R R [T AR N ST R L L O 10- ....\‘3 ______ S = S s _____,___——'—'______:""__ =
115 120 125 130 135 140 145 o o™ =~ B - L T e cressT 1o
my [GGV] -t 107 == T er-cnl 1 CRESST 25
o) 10 ermion .- ~ L —— - XENON100(2012)
10 .= - XENON10(2011)
B 101 b ~Tector R — ) .
Excluded on 95% CL: 2 ot e
1 ] l —
BR{H - II“U!) :: Ol58 at 125 GEV % 10'13 1 1 | | 1 1 1 L1 | | 1 LUXI(BO%(\:L) 1 1 L 11

< 10 102 10°
(expected < 0.44) DM Mass M, [GeV]
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0, measurement

Ratio of 3-jets of 2-jets, 3-jet mass, and incl. jet x-sections constrain o
up to so far unprobed scales Q ~ 1.4 TeV

—9— CMSRpratic == HERA |
—— CMS fi prod. —{+— LEP ; arXiv:1410.6765, arXiv:1412.1633
—h— CMS incl. jet —— PETRA |

—4— CMS3jetmass —V— SPS |
—(=— Tevatron |

0.15}

Measurements dominated by theoretical
i uncertainty.
0.10 ] PDF & scale uncertainty, e.g. incl. jets:
as(Mz ) 0.1171+3%% (3-jet mass)
0.05L - as(Mz) = 0.1185 + 0.0006 (World average) ]
T 0 1 00 1 UOU
Q [GeV]

as(Mz) = 0.1185 4 0.0019 (exp) F0-9%0 (theo)
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Jet Energy Scale

,5,005‘ Legacy performance for jet energy scale and resolution for 8 TeV data
)\“?X‘\  Corrections derived accounting for pile-up, detector response, residual 1
cW - and p dependence, and (optionally) flavour
* Corrections derived using a mix of dijet, Z+jet, and y+jet data
e Uncertainties < 3% across the phase space considered by most analyses
A
6 19./ 10 (5 1eV) e L A s e e .]9;7fb.(?Tey)
Lo | L T T T T 17T \1 T T T T 1T |[ ] \ = . -
= [ CcMS g Total uncertainty - 2= i CM_S_ &= Total uncertainty -
-.2.. L Preliminary Excl. f|avor, time i _'2\ 5; Preliminary Excl. fIaVOI‘, time B
e or < Absolute scale ] £ © R=0.5 PF+CHS = Absolute scale 1
© - R=0.5 PF+CHS | pojative scale ] © L Y. -+ Relative scale ]
€ C =0 ) 1 T - p_.=100 GeV : - ]
S af Med = Pileup (()=20) | ® 4 Pr =Pileup (1)=20)
4 J O L B
= C = Jet flavor (QCD) c C =-Jet flavor (QCD)
S5 C - Time stability ] =) B - Time stability ]
TR ] TR §
- C ] - - ]
2 . 20 .
I . 1 .
0 - SRR TR e T O_I ] L
20 100 200 1000
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Electroweak Physics




Cross-section Measurements

Mar2ots CMS Preliminary

¢ 7 TeV CMS measurement (L < 5.0 fo)
¢ 8 TeV CMS measurement (L < 19.6 fb™)
— 7 TeV Theory prediction

— 8 TeV Theory prediction

% CMS 95%CL limit

& Stail‘Way to Heaven . )

Production Cross Section, ¢ [pb]

=

Z
l-

l 3

|||||||‘l|mllll‘|||||||||||||||||‘||||||||‘||||||||‘IIIIIIII‘IIII

2
___|___!__l__|__|__|_l‘.........'...__l___l__l__|__|__|_l‘...______|_____l___l__!__|__|__|_|_|_________|_____l___!_J..l.l.l'.‘......___|_____l___|___|___|__|_l_|_‘_________|_____l___|___|__l__|_l_|_‘_________|_____|____|___|__l_!_!_q_________|_____|____|___|__

W |>11|_2||>3||>41| z |>1||_2,|>3||>4| |Wy Zy L.vw'wz zz*"""_’lEWle 1| 2| 3| |l|ch|tW| |tl~g iz |ggHt‘]’qBﬁ|VH|nH

s-ch

All results at: http://cern.ch/go/pNj7 Th. Ac,, in exp. Ac
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W/Z/tt + jets

Mar 2014 CMS Preliminary

2 10° B .1 37 TeV CMS measurement (L < 5.0 o'
o E ,_O_... f8 Tev CMS measurement (L < 19.6f) 3
= o . =7 TeV Theory prediction 7
e 1 03 | .8 TeVv Theory prediction —
5 VE n - =
% E E E ;‘:-*; i i i i i i f i E
B P A A . i 7
0 102k o | e I .
n = P — P bbb =
O = o TR T R R - =
O n - T ' ﬂ-’ .
c . o = o
o 10E . E
5 - L o E
s F == = b
e : : : : : : : : : : : : :
O 1 Db e =
= = —_— i om0 e 0 : 3
ol — AT S o S T B - 51 3 i =
10" T E
rr_ -ttt & * [ [ _ [ "]

w =1j =2] =3 =4 =5) =6) 1c 2b Z =1] =2] =3) =4  =lb  =2b it 1] 2 3j
Fiducial W and Z as with W—lv, Z—ll and kinematic selection
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Top Physics




Combined LHC + Tevatron

Top Mass
bg:\ o _ -1 -1
o, b)Y Tevatron+LHC m,, combination - March 2014, L . =3.5fb -8.7fb
G | ATLAS + CDF + CMS + DO Preliminary
< W CDF Runll, Irjets @t 172.85 + 1.12 (0.52 £ 0.49 + 0.86)
2 CDF Runll, dlepton : o : ) 170.28 £3.69 (1.95  +3.13)
CDF Runil, all jets 4 172.47 +2.01(143+0.95+ 1.04)
COF Runll, E™™ +jet
Lin e e o —— 173.93 + 1.85 (1.26 + 1.05+ 0.86)
Pu Runt, ets —+—e—+— 174.94 + 1.50 (0.83 + 0.47 = 1.16)
2u Runt, diriepton - = i~ 174.00 + 2.79 (2.36 + 0.55+ 1.38)
ATLAS 2011, I+jets — e — 172.31+ 1.55 (0.23+0.72+ 1.35)
ATLAS 2011, di-lepton —————— 173.09 + 1.63 (064  +1.50)
CMS 2011, bjets — O — 173.49 + 1.06 (0.27 £ 0.33+ 0.97)
GMS 2071, diepton — @ ——— 172.50 + 1.52 (043 +1.46)
CMS 2011, all jets ———t—i 173.49 + 1.41(069  +123)
World comb. 2014 *,/n =10 — o — 173.34 £ 0.76 (0.27 £+ 0.24 + 0.67)
% £ Tevatron March 2013 (Run I+1) F—o—i 173.20 + 0.87 (0.51+0.36+ 0.61)
@8 LHC September 2013 — o —1 173.29 + 0.95 (0.23+0.26 +0.88)
= | | | total  (stat. syst)
165 170 175 180 185
mtop [GeV]
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Top Pair Differential Cross-section

18.4 b™ (8 TeV) 18.4 b (8 TeV)
': i CMS Detector level ] '-_:> T CMS | Particle level i
- — e Data 4 Q " ® Data i
o Preliminary - Preliminary
(O] Madgraph a Madgraph
= |_‘|0'2 = - - - MC@NLO 3 7 102k - = = MC@NLO _
-8 _8- F - /= Powheg+Pythia ] -8 % E -.=+ Powheg+Pythia
-5 : -_h-"""‘“ﬂl - .=+ Powheg+Herwig 1 > r e P -+-=- Powheg+Herwig |
L 1 ] F i
3 -y L — ~— I H r . _rv_m:ﬂ- b
103F E 3L ' E
C ! ] 10 E-w:-uuruau-uwuu I B
CMS-TOP-12-028 S E b
i —_— L +-.
T S - T S S e S N B S O AR AN AR
(;3 04F -8 Stat. ' t;i 1r E] 2;3;. st . -
g 0.2¢ I:] Syst. in-;-v.-g—.-.:v.-p.rv""""‘"‘""IFH‘-H-“-“‘-‘:-”-.: -Ej‘ 05+ \:’The: Systj CrTrEnEnEnEns
= -— — d (@] [ r——— T ——
SO ¥ Jﬁ ® . = o ¥ et S i
8 0.2 [BieTi D i LR T ol
L 04 T ST S IS T T T T S S S _GCJ -0.5 ""T""".“"".‘"’.'""I“‘""."""."' Lo ] PN N N SN TR T NN N S
-0 100 200 300 400 50 F 100 200 300 400 500
Leading top p_ (GeV) Leading top p_ (GeV)

Inclusive cross sections [ 1aed ’
o
275.6 + 39.0 pb (14% precision) results presented at detector, parton, an

particle level
e theory predicts systematically harder spectrum
* in agreement with measurements in lepton+jets
and dilepton channels at parton level

dominated by JES and BTag uncertainties
performed differential measurements as a

function of top pr
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Forward & Small-x QCD Physics




DY/Z + jets

CMS-PAS-FSQ-12-035 CMS-PAS-FSQ-13-003

— i i -1 =
T CMS Experiment at LHC, CERN CMS Preliminary, pp, 4.9 fb”, {s=7 TeV
CMS Data recorded: Tue May 22 14:53:14 2012 CEST <0.020 P o o T
ey Run/Event: 194702 / 156701816 B Data syst. unc. ]
¢ Lumi section: 151 %_} - DY+2jets + i’ ]
e \ 5 MADGRAPH+PYTHIAG -
X ! g L PYTHIAG Z2* (Z/y") }
a 70.015 |- ——- PYTHIAB Z2* (O(r)))  —
a 5 W amnm POWHEG+PYTHIAG Z2*
Electron e - 60 <m < 120G8V =1
p=25 GeV — L -
n=-0.27 .8 » . -
=0.65 o
(p=0.65 ~—~.0.010 i =
N B —— o =L -
-..p__ B —_—— .l B . T
Electron A B f I e 7]
pr=97 GeV PF I_E_t : ~ B mer- e 7]
”:_082 :_ijfﬁ 0.005 - r — foen 4 ]
i 0=0.14 I L P - ]
_-'|ﬂ|f-'|ﬂ|f-'|ﬂ|f-'|ﬂ|f-'| St P * —
B L b -
0.000 st tnle P wr-irwrwr | 1 L -
R 20 r
PFlet w 15
p=67 GeV ()
n=-3.72 -o_, 1.0
9=-2.23 0.5
= .
0.0 — -z :
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B - physics




Phys. Rev. Lett. 111 (2013) 101804

maximume-likelihood fit to dimuon invariant mass
distribution for BF (Bg —p*p™), significance 4.30
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Event Display B,—up

CMS Experiment at the LHC, CERN

Data recorded: 2012-Nov-30 07:19:44.547430 GMT (08:19:44 CEST)
Run/ Event: 208307 /997510994

e
Somnath Choudhury ( IISER - Bhopal ) 36



Combined CMS + LHCb
B,—pp Results

CMS and HC

LHCb (LHC run 1)

& 16 | | | —]
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First observation of the B% —p*p~ decay, with 66 significance,
and the best measurement of its branching fraction so far, and
36 evidence for the B— p*u~ decay
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“They have been stuck in that
model, like birds in
a gilded cage, ever since.’

i 4"

i)
L

1
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L.
BSM Physics




SUSY - OS dileptons
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LSP mass [GeV]

SUSY limits
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700_|||||||||||||||||||||||||||||||||||| ~ o L AL LA A S B ) B S B e
- © 900 FCMS Preliminary —— sus-13.0120-1ep (g,#H,) 19.5 "
| - = (D [ T T
500 __CLMS Prellmlnary — Observed g‘ E \g =8 TeV = SUS-14-011 0+1+2-lep (razor) 19.3 fb
e = C —— SUS-13-007 1-lep (n_ > 6) 19.3 fb”
CHED oA - Expected SSOCICHEP 2014 it
L o —— Observed »
500 SUS-13-011 1-lep (MVA) 19.5 fbo"! B 700 Observed -1 ogusy, = SUSTIOIIZAR(SSB) 195910

. - m—SUS-13-008 3-lep (31+b) 19.5 fb”
[ = SUS-14-011 0-lep + 1-lep + 2-lep (Razor) 19.3 fb”! Expected K

T -

- —— SUS-14-011 0-lep (Razor) + 1-lep (MVA) 19.3 fb™! E 600 :— —:

400 | === SUS-13-009 (monojet stop) 19.7 b1 ( toec i:] ) — C i

| SUS-13-015 (hadronic stop) 19.4 fb™ i 500 :— —:

300 S - a00F E

B S e . ]

B & R i 4

- S T e A 1 300 —

200 ] 7

- i 200 E

100]5 — .

- ] 100 3

0 ’ [ _‘_,]"_'I' f‘ 1 1 | I | | 1 1 1 1 | 1 1 - L/ | I_ 0 | | l| I | | | | | :
100 200 300 400 500 600 700 800 600 800 1000 1200 1400 1600

stop mass [GeV] gluino mass [GeV]

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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production
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Only a selection of available mass limits
Probe *up to* the quoted mass limit

Somnath Choudhury ( IISER - Bhopal )

Mass scales [GeV]




LO1(s)) x2
LQ1(ej)+LQ1 (vi)
LQ2(uj) x2
LO2(pj)+LQ2(v))
LQ3(vb) x2
LQ3(th) x2
LQ3(TH) x2
LO3) x2
Single LQ1 (A=1)
Single LQ2 ()\:1)

RS Grow’rons

RS1(yy), k=0.1 j+MET, scalar DM=

RS1(ee,uy), k=0.1 y+MET, vector DM=

RS1(jj), k=0.1 y+MET, axial-vector DM=
RS1(WW=—4j), k=0.1

I+MET, £=-1, SI/SD DM=

0 1 2
CMS Preliminary T €0 S50 DM

SSM Z'(t7)
SSM Z'(jj) ADD (y+MET), nED=4, MD
SSM Z'(bb) ‘ ADD (+MET), nED=4, MD

ADD (ee,pp), nED=4, MS

) ADD (yy). nED=4, MS
SSM W'(jj) ADD (i), NED=4, MS
SSM W'(lv) QBH, nED=4, MD=4 TeV
' T NR BH, nED=4, MD=4 TeV/

R ——
SSM Z'(eg)+Z'(uy)
SSM W WZ—ll) | QBH (j), nED=4, MD=4 TeV
e
1

SSM W' (WZ—4j) Jet Extinction Scale
5 3 4 TeV String Scale (jj)

Excited
Fermions

dijets, A+ LL/RR
dijets, A- LL/RR
dimuons, A+ LLIM
dimuons, A\- LLIM
dielectrons, A+ LLIM
0 1 2 3 4 Tev dielectrons, A- LLIM
single e, A HNCM
single y, A HACM

inclusive jets, A-

coloron(jj) x2
coloron(dj) x2
gluino(3j) x2
gluino(jjb) x2

Multijet

2 3 4 TeV

stopped gluino (cloud
stopped
HSCP gluino (cloud
Leptoquarks HSCP
q=2/3e HSCP
chargino, ctau=100ns, AMSB
neutralino, ctau=25cm, i

4 TeV j+MET, vector DM=
H+MET, axial-vector DM=

I+MET, £=+1, SI/SD DM=

Exotic Physics Searches

)
stop (cloud)
)
stop (cloud)
q=3e HSCP

ECAL time

100 GaV, A
100 GeV, A
100 GaV, A
100 GeVY, A
100 GeV, A
100 GaV, A
100 GeVY, A
100 GaV, A

Long-Lived
Particles

0 1 2 3 4 TeV

E Dark Maftter

0 1 2 3 4 TeV

Large Extra
Dimensions

Compositeness

01234567 8 910111213141516171819 TeV

Somnath Choudhury ( IISER - Bhopal )



Heavy Ion Physics




Hot Nuclear Matter

Smashing heavy nuclei inside particle colliders
creates a hot nuclear matter thought similar to

the primordial QGP

To explore properties of the medium, CMS
compares the properties of the particles
produced in heavy ion collisions (PbPb) with
those produced in proton collisions

; =
Quark-gluon plasma 1/<r> [fm]

EMS || CMS Experiment at LHC, CERN Y(1 S)
| .|| Data recorded: Mon Nov 8 11:30:53 2010 CEST
[ Run/Event: 150431 / 630470

= Lumi section: 173

Y(2S)

Y(3S)
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Y Production

.
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Y Suppression

Having to traverse the hot medium will cause particles such as Y, produced
er'\ in these interactions, to “melt” or be suppressed in it

v . . . . .
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Q/Q'\q’ before they could decay into muons
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QQ\’ collisions relative to those with pp collisions - results with 56 significance
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Summary & Prospects
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Summary

After the 125 GeV Higgs boson discovery, the measurement of its properties
cross-section have been performed at LHC run-1

A first Higgs combination measurement of ATLAS and CMS on Higgs mass
In the BSM Higgs searches, no additional Higgs bosons have been detected

Cross-section measurement in electroweak, top and QCD physics very well
compared to theoretical predictions
Top mass measurement combining LHC and Tevatron data

By —p*n observed for the first time and the results combined with LHCb

The heavy ion physics program vyielded excellent results on the state of
nuclear matter characterization

No new physics detected so far in Higgs or SUSY sector or other exotic
scenarios / dark matter searches

But

we only collected < 1% of the LHC Luminosity @ half the center-of-mass energy
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Prospects

13 TeV run has started and the hunt for new physics has begun

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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