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Recent Results and Status
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towards first collisions ...

LHC schedule

Start LHC commissioning

with beam
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Status Experiments

15-Apr-2015 13:51:15  Flll #: 3622 Energy: O GeV I(B1): 0.00e+00 I(B2): 0.00e+00
ATLAS ALICE CMS LHCb

Experiment Status STANDBY STANDBY STANDBY

Instantaneous Lumi [(ub.s)/-1] 0.039 0.000 - 404.386
BRAN Luminosity [(ub.s)/-1] 9.9 0.0 0.9 0.0

Fill Luminosity (nb)A-1 0.000 0.000 - 0.000
BKGD 1 0.002 0.000 0.131

BKGD 2 0.000 0.000 0.000
BKGD 3 0.018 0.020 0.041

CMS ready, waiting ...

Achim Stahl, RWTH Aachen



First Splash Events

CMS Experiment at LHC, CERN
Data recorded: Sun Apr 5 10:29:07 2015 CEST
Run/Event: 239754 / 162

Lumi section: 89 1 I |
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,splash event’: first particles seen in CMS
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First Splash Events

CMS Experiment at LHC, CERN
Data recorded: Sun Apr 5 10:29:07 2015 CEST
Run/Event: 239754 / 162

Lumi section: 89 1 I |
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CMS

A New Record Energy

6500 GeV I(B1): 5.34e+09 1(B2): /.64e+07/

Intensity
Energy (GeV)

BIS status and SMP flags

Comments (11-Apr-2015 12:29:40) Link Status of Beam Permits
Global Beam Permit
Both beams up at 6.5 TeV!!! Setup Beam
Beam Presence
Moveable Devices Allowed In

Stable Beams
AFS: alternating R1 R2 pilot PM Status Bl ENABLED [T Y ENABLED
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\ Particle Jet Energy depositions

P In calorimeters
Classical Jets: E; = Egcai + Encal
Particle Flow: E; = E(tracks) + E(photons) + E (neut. hadrons)

tracker ECal HCal
~60% ~30% ~10%

Achim Stahl, RWTH Aachen 11
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The CMS Detec

large tracking volume (r = 1.3m)
large magnetic field (B = 3.8 T)

Achim Stahl, RWTH Aachen 12



Performance (example):
pp > Z+]

number of events / 8 GeV

Data/MC

Achim Stahl, RWTH Aachen

Jet Energy Resolution

CMS preliminary 2012

10" g———T——— . -
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CMS-PAS-JME-12-002
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Jet Energy Resolution

CMS Preliminary 2012

|—|40_""|""|""|"“|"\ L L \ |
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The CMS Detet
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SM cross sections

Mar 2015 - CMS Preliminary

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

— 8 TeV Theory prediction

“ CMS 95%CL limit
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SM cross sections: Z — ULy

Differential cross section:

-1
. t
CMS POWHEG + Pythia6 3
. - 1. Transverse energy of
e, . the photon
° E (with respect to the beam)
Z — utuy '
10_4 Loy oo by o by v by v by g by gy by by by
I MRS MM MM MR MM RS I, Kinematic selection:
3 E 3 : : : 4 3 : : ]
% 14 6 0 00 o g’ 5 | E— E;(y) > 5 GeV
g 05 i i i ; i i ; ; i ] In(y)| < 2.4
- 10 20 30 40 50 60 70 80 90 1_00 0.05 < AR... < 3
E; [GeV] Y

30 < M, < 87 GeV

arXiv.1502.07940
Achim Stahl, RWTH Aachen



SM cross sections: Z — ULy

Differential cross section:

1
a 103 L L L |4'-'7 Tb' l('7 'T'e\'/_) Malnly FSR from the Z
E e Dat 3
%1 - CMS POWHEG +Pythia6 3
S 10°E -
=] =, §
B [ e ]
© 10 e ~
- . 2. Separation from the
B ° . 3 closest muon
15 + 3 2 2
E Z_>M ! $ E ARuy:\/(¢u_¢y) + (u —my)
g' 1.5 g, ......... ; ......... i, ' ......... ' ......... ' AAAAA ' * ..... l ......... ,.g K|nemat|c Selec“on'
é rees o o ¢ & 4 j : E;(y) > 5 GeV
S 05" : 5 5 3 i : In(y)| < 2.4
(1]
Ty 30 < Mu# < 87 GeV
arXiv.1502.07940

Achim Stahl, RWTH Aachen 19



di-leptonic events

% Muon
Ll
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Top Pair Decay Channels

top-quark: mass

Kinematic observable: m%,

mi — myy

mfb — 2

kinematic endpoint at

(1 —cosf,)

max(myp) = \/mf —m

Combinatorics: choose
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Achim Stahl, RWTH Aachen

19.7 fo' (8 TeV)
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top-quark: mass

di-leptonic events Kinematic observable: m3,

2 2
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top-quark: mass

di-leptonic events Kinematic observable: m3,

2 2
muon 2 mt - mW
i ms.,. =
Jet 1(b) o > tb 2

m T "'FJ, nentring

(1 —cosf,)

19.7 fb' (8 TeV)

= 0.016
proton bei 8 ~ CMS
~E 0.014 = Preliminary
Z 0.012F
neutrino - © -
§Z o.01fF BN
—™— - 165 170 175 G‘IBII'DJII]
0.008 - | . data m [Ge
N \
0.006 P_ Madgraph+Pythia + BG
C m,=178.5 GeV
0.004 /‘ e\ Madgraph+Pythia + BG
N & e m,=172.5 GeV
0.002F # Vo, Madgraph+Pythia + BG
. .. m,=166.5 GeV
[ N R —
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Summary of previous measurements:

New measurement:

min

myp

me = 172.3 i OBStat i 1.3sys GeV

Achim Stahl, RWTH Aachen

single

most

precise
measurement

top-quark: mass

19.7 0" (8 TeV) + 5.1 b (7 TeV)

I L R
CMS Preliminary

CMS 2010, dilepton
JHEP 07 (2011) 049, 36 pb™

¢ 175.5 + 4.6 * 4.6 GeV

(value + stat + syst)

CMS 2010, lepton+jets
PAS TOP-10-009, 36 pb'1

CMS 2011, dilepton

EPJC 72 (2012) 2202, 5.0 fb™'

CMS 2011, lepton+jets
JHEP 12 (2012) 105, 5.0 fb™

CMS 2011, all-hadronic
EPJ C74 (2014) 2758, 3.5 fb™

CMS 2012, lepton+jets
PAS TOP-14-001, 19.7 fb™

CMS 2012, all-hadronic
PAS TOP-14-002, 18.2 fb

CMS 2012, dilepton
PAS TOP-14-010, 19.7 b

CMS combination
September 2014

Tevatron combination
July 2014 arXiv:1407.2682

++++H+,

173.1 + 2.1 + 2.6 GeV
(value + stat + syst)

1725 £ 0.4 + 1.4 GeV
(value + stat + syst)

173.5 £+ 0.4 £ 1.0 GeV
(value + stat * syst)

173.5 + 0.7 £ 1.2 GeV
(value + stat * syst)

172.0 £ 0.1 £ 0.7 GeV
(value + stat + syst)

1721 £ 0.3 + 0.8 GeV
(value + stat + syst)

1725 £ 0.2 + 1.4 GeV
(value + stat + syst)

172.38 £ 0.10 = 0.65 GeV
(value + stat + syst)

174.34 + 0.37 + 0.52 GeV
(value + stat + syst)

World combination March 2014 —— 173.34 £ 0.27 + 0.71 GeV
ATLAS, CDF, CMS, DO (value + stat + syst)

| | L1 1 | Y S I | I R I L
165 170 175 180

m, [GeV]
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. The Higgs-Boson

{ -: L I . 7l : 1 | "' ',JI:.\- A g .-‘ : .. o ,I
.- | s X --':' S e = _- . - .

{

What'’s new ?

e pX July 2012: Observation of a new boson

CMS Preliminary —&— S/B Weighted Data

Is=7TeV,L=5.11" S8 Fit
------ Bkg Fit Component

\'IS = 8 TeV, L = 53 fb_1 I:l 1o
I 20

130 140 150

m,, (GeV)

A
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The Higgs-Boson

0.2% precission !
Achim Stahl, RWTH Aachen

F—e— Total Stat. [ Syst.
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 - i 124.51+ 0.52 ( £ 0.52 = 0.04) GeV
CMS H—ZZ—4l P 125.59 £ 0.45 (£ 0.42 + 0.17) GeV
ATLAS+CMS yy I—EI—I 125.07 £ 0.29 (£ 0.25 + 0.14) GeV
ATLAS+CMS 41 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 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1
123 124 125 126 127 128 129
m,, [GeV]

arXiv:1503.07589v1
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Mass: 125.09 + 0.24 GeV

5 measured decays
couplings (see plot)

Spin®: 0

CP-Parity: + favoured,
pure — excluded

Width: I'y < 4 Tgy,

Limits on H — tu

Limits on FCNC (¢t — gH)

Limits on invisible decays

Achim Stahl, RWTH Aachen

A or (8/2v) Y2

=

[y
=
,L

[y
<
M2

[y
<
(95

10~*

Higgs Properties

19.7 "8 TeV) + 5.1 b~ 1(7 TeV)

CMS

== 8% CL
—— 95% CL
--- SM Higgs

(M, ) fit
= 68% CL

— 95% CL

0.1

I I llllli] I UL Ifl]ll I UL irill]lllllllII]IﬂmTI

10 100
mass (GeV)
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jet1

\Jf\'{ Z

q——= W4
jet 2 invisible

Selection through jet-kinematics:
nj,Anjj, pr (), Mjj
ETmiss’ A ( ETmiss, j)

Parked trigger:

di—jet: pr > 35(30) GeV, VBF—tag

Achim Stahl, RWTH Aachen

Invisisble Higgs-Decays

19.2fb" (8 TeV)

95% CL limits
Observed limit

CMS

Preliminary
VBF H — invisible

....... Expected limit
Expected limit (1c)
Expected limit (20)

B(H — inv.) < 57% (40% exp.)
combined with ZH
B(H — inv.) < 47% (35% exp.)

CMS-PAS-HIG-14-038

27



More Higgs?

Many models predict more than 1 Higgs-Boson: Do we see any signs?

Searches in many channels

—_
%)

o 1
NEWE

) ’.\«; Y CMS 51" (7TeV)+19.7fb" (8 TeV)
D 25| H—->2Z->2/02( +
o) ﬁ — — Observed
© Zy*, 72
» 20|
t i Z+X
S |
2ol | |m,=350Gev

10

L 1 L I L | 1 | | L L L L I L 1 1 L I |

|
|||| ||' i I |
-‘__
300

400 500

arXiv:1504.00936v1
Achim Stahl, RWTH Aachen



More Higgs?

Many models predict more than 1 Higgs-Boson: Do we see any signs?

N EVNE

95% CL limit on o/c

& '»,'#F’WFTE 1 03
n

Searches in many channels

CMS pto5.11" (7 TeV) + up to 19.7 b (8 TeV)

E | I I 1 I 1 1 1 I 1 | I

= Combined - == Combined (exp. = 20)

- — H->WW >22v—H >WW - /vqq

102;‘ H—>2Z >202v —H —2ZZ —4¢ E

H—-2Z - 22

10k H —>2Z - 2¢2q |

1 //=-‘=

- ‘\’)\(7 ~ — E

107 S \CA=== 3

10—2 I_ I 1 1 L I L L L I 1 1 1 I 1 1 1 |
200 400 600 800 1000

m, [GeV]

10

SM

95% CL limit on o/c

10!

arXiv:1504.00936v1

Achim Stahl, RWTH Aachen
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_ ) Electroweak Fit

3 parameters define the e.w. part of the S.M.:

v,9,9
for example:
v|g|
M., =
w 2

M, =
Z 2
lg|

use most precise measurements
) A _
e a (Lamb-shift: 7“ =310710)

cos Oy, =

* Gr (myon lifetime: % =510~
F

e M, (LEP line shape: % =2107°)
Z

Achim Stahl, RWTH Aachen

")

0

AY

March 2012
-

(5]
Aoy 4=
— 0.02750+0.0003
=== (0,027 490.00

== incl. low CF

. now we know
= the Higgs mass!

Y LHe
. ] excluded

200
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Electroweak

‘ (A
5 \‘e(’a%

s e
"_._n..-f o 1 y

Y

% )
| y
H F.

? F= |

i_ L

L'} 10 L I | LI T 171 | LI 1 | T 11 I L
>2 _ m
3 pi< — ' = ]
o N A fitter]s: 3,
= R measurement =
for 8 — —
— SMfitw and M, measurement —
7 E—— SMiit wi imal input i
g £_r@ M, world ge [arXiv:1204.0042] /-
5 =
i RRREEEEEEEE i | TREREEEEEESELEEELOERL  REEEE and our theory  Elly
use , = colleagues =
* = =
2 —
° | = -
1 T T ® t------— 1o
* | — -
0 1 111 | L 1 1 1 | L1 1 1 | 1 | | 1 1 1 1 | L 1 1 1 | L1 1 1 | L1 1 1]
80.32 80.33 80.34 8035 80.36 8037 80.38 8039 804 80.41
W-mass perdiction with 10~* precision M,, [GeV]

Achim Stahl, RWTH Aachen http:://cern.ch/gfitter 34



0 1

SirgeuLEH :D‘:;“i
Single LQ2 (=1)

2

RS1(yy), k=0.1
RS1(ee,pp), k=0.1
RS, k=0.1
RS1(WW—4)), k=0.1

TeV

0 1 2 4
CMS Preliminary
SSM Z'(t1) :
SSM Z'(jj)
SSM Z'{bb)
S5M Z'(ee)+Z'(up)
SSM W'(j)
SSM W'{lv)
SSM W'(WZ—Ivll)
SSM W'(WZ—+4j)

—

4 TeV

Excited
Fermions

e* (M=A)
p* (M=A)
q* (ag)
q* (ay)
b*

Tev

Multijet
Resonances

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

a P d
A < o AR & " a1
neutralino, ctau=25cm, EGAL time

4 TeV

0 1

+MET, vector DM=100 GeV, A
J+MET, axial-vector DM=100 GeV, A
HMET, scalar DM=100 GeV/, A
y+MET, vector DM=100 GeV, A
y+MET, axial-vector DM=100 GeV, A
HMET, £=+1, SI¥'SD DM=100 GeV, A
HMET, £=-1, SI'5D DM=100 GeV, A
I+MET, £=0, 515D DM=100 GeV, A

ADD {y+MET), nED=4, MD
ADD {j+MET), nED=4, MD |
ADD (,jp), NED=4, MS ]
ADD {yy), nED=4, M5 |}

ADD (jj), nED=4, MS i

QBH, nED=4, MD=4 TeV
NR BH, nED=4, MD=4 ToV |
QBH (i), NED=4, MD=4 TeV |}
Jet Extinction Scale i

String Scale {jj)
0 1 2 3 4 2 6 7 8 TeV
Compositeness
dijets, A+ LL/RR
dijets, - LL/RR

dimuons, A+ LLIM
dimuons, M- LLIM
dielectrons, A+ LLIM
dielectrons, /- LLIM
single e, A HRCM
single p, A HnCM
inclusive jets, A+
inclusive jets, -

01234567 8 910111213141516171819 TeV

CMS Exotica Ph

sics Group Summary — Moriond, 2015



L1 (ej) x2
LO{ef+LO1{v)
LQ2{pj) x2
LO2{uj+L02{v)
LQ3(vb) x2
LQ3(frb) x2
LO3{xH) x2
LQ3{vt) x2
Single LO1 (A=1)
Single LO2 (h=1)

RS1(yy), k=0.1
RS1(ee,pp), k=0.1
RS jj), k=0.1
RS1(WW—4j), k=0.1

0

CMS Prel

SSM Z'(t1)

SSM Z'(jj)

SSM Z'(bb)

S5M Z'(ee+Z'(py)
SSM W'(j)

SSM W'(iv)

SSM W'(WZ—Ivl)
SSM W'(WZ—+4j)

coloron(jj) =2
coloron(4j) x2
gluino(3j) x2
gluino(jjb) x2

stopped gluino (cloud)

stopped stop (cloud)

HSCP gluino (cloud)

HSCP stop (cloud)

q=2/3e HSCP

g=3e HSCP

chargine, ctau=100ns, AMSEB
neutralino, ctau=25cm, ECAL time

Long-Lived

Particles

Leptoquarks

4 TeV

J+MET, vector DM=100 GeV, A

Dark Maftter

Major Searches completed in 2013

3 4 TeV
1e Exira
Dimensions

No smoking gun!

Now checking more exotic scenarios.

Ensure nothing is missed.

ompositeness

dielectrons, A+ LLIM
dielectrons, A- LLIM
single e, A HRCM
single p, A HnCM
inclusive jets, A+
inclusive jets, -

Multijet
Resonances
012345678 8910111213141516171819 TeV



MRS S | : "
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Search for longlived particles that decay into a pair of myons.

muon detector

calorimeter

tracker

q

Achim Stahl, RWTH Aachen

CMS-PAS-EXO-14-012

Two Analysis: ‘.
e tracks from the tracker 9.7
* tracks from the myon detector “«"

S

potential model interpretation:

pp — 4q
g - x°q
x° o ptuTv

No events found!
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MRS S | : "
i;’i-’;,l.o}ngl ve

: 20.5fb" (8 TeV
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- RPCs to n=4

New Beé%

Completion of forward detector
- 4% layer in ME

!

' e .
/ L

Tracker -?_ 0°

Achim Stahl, RWTH Aachen
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Tracker Cooling

3 AN L TSR Y Y 4
tracker must be operated at low temperature to reduce impact of radiation

cooling capacity upgraded — environmental insulation improved

Achim Stahl, RWTH Aachen 43



Myon Endcaps: 4" layer

CMS designed with 4 layers of myon detectors
Barrel: complete
Endcap: 4™ layer missing, completed in LS1

Achim Stahl, RWTH Aachen 44



New Beam Pipe

New beam pipe (OD 58mm — 45mm)
In prepartion of new pixel detector

Upgrade __ Quterrings
n=0 = g

n=2.0

i e ' — n=2.5
o Il I £ Inner rings
| [ —— 1 -—
, o ——
| ~ n=2.5
A\, . — Current
Current \ ~,

3 barrel layers

\ .
n=0 n=0.5 n=L.0 n=1.5

Achim Stahl, RWTH Aachen



the LHC,CERN
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Outlook — HL-LHC

S S 3 Y 3 S 3 S S A S S S S S S R S S S R S B B I S 2
Run 2 LS2
13-14 TeV, 1.6%103* (u=43), 150 fb! phase-I Install

Achim Stahl, R\

2020 | 2021 | 2022 | 2023 | 2024
olalele]o]alele]alalele]o]oleefa]aleofa]ololefo]ololofo]aolefofa]ololafa]a]ed

Run1l LS1
7-8 TeV, 0.7x103* (u=20), 25 fb?

Run 4 LS4

Run3
14 TeV, 5-7x103* (u=140-200), 3000 fb!

14 TeV, 2-3x103* (u=50-80), 350 fb*

LS3 — Phase-ll Install
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High-Lumi LHC

Upgrade of the LHC implies a CMS detector upgrade

e improved triggers and electronics to cope with higher rates

 replacement of detector components at the end of their lifetime

‘ Neutral Fluence(per cm?) in HADR for pp at 14Tev, 100 fb’
300 e i A7 WY BNCEOWRR W T GNR A : b
e e T ¥ (‘rq J»H;_!wﬂ'

0 400 500

30
Z(em)

Goal: Same performance as today in a much harsher environment.

R&D in progress

Achim Stahl, RWTH Aachen 49
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Conclusions

e Many interesting results from RUN 1
 Consolidation of detector during LS1

e Ready for Run 2
Stay tuned!

Achim Stahl, RWTH Aachen
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LHC schedule

towards first collisions ...

Scrubbing for 50 ns

operation
Apr May June

Wk 14 15 16 17 18 19 20 21 22 23 24 25 26
Mo 3o Edster Mon 13! 20 27 4 11 18| 25 8 15 22
Tu |
We [CinjectorTs Recommissioning with | T51 |

beam § S—
Th u
Fr G. Fric t May % Intfansity ramp-up

® { with 50 ns beam -

Sa today £
Su

Achim Stahl, RWTH Aachen
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Scrubbing for 50 ns

Dperation
Apr May June
Wk 14 15 16 17 18 19 20 21 22 23 24 25 26
Mo go| Footer wian o i P 't i " " Whit T (] L] 18 1)
Tu § y
We [ injmgiee T | Recommissicning with TS1
beam | I -
Th AEEENEEA
Fr 6. Friday 15t May 1 Intensity ramp-up
with 50 ns beam
Sa
Su
Serubbing for 28 ng
operation
July Aug Sep
Wik 7 28 29 30 31 32 33 34 35 36 37 38 39
Mb m L] 13 -] ar 1 1] ir 1 I T 14 H4l |
Tu E
We ! WD 1 T2 M0 2
Intensity ramp-up - i
Th with 25 s beam e
Fr l
5a I lower
Su beta*
End physics
[
Oct MNov Dec
Wk an a1 a2 a3 aa a5 A6 a7 a3 49 50 51 52
Mo a8 L] 1d L FL i L) 18 F+] 34 T 14 Hal |
Tu | lons
We 153 | || setup ’i 2
®
Th | 1ons | E
Fr MO 3 xmas
Sa
Su

A. Stahl, RWTH Aachen

:Technital Stop

I:lﬂemmmissoning with beam
:S{ru bbing (indicative - dates to be established)

: Machine development

I:ISpecial physics runs (indicative - schedule to be established)
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Sector 34 ground short: solved

* Recall: intermittent ground short found
during final training quench of sector 34

— Located in diode box (in cold mass)

» After intense investigation by experts:
decision to vaporize/burn the debris by
capacitive discharge through the short

— Next page 2

A. Stahl, RWTH Aachen
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A. Stahl, RWTH Aachen

™ @ W

Burning discharge

Discharge stops at ~578V

m T~ : Discharge time: ~11.5ms
== = e Discharge voltage: 906V to 578V
| === = Dissipated energy: ~1.5kJ
' Balancing resistors: 2x10hm
Short resistance: ~1 Ohm
- e o Energy dissipated in short: ~500J
Courtesy of J. Steckert, M. Dominguez and A. Verweij

From talk by A. Siemko at LMC 1 April 2015 (https://indico.cern.ch/event/384311/)
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