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Outline of this Presentation

The Standard Model of particle physics
The CERN Lab, the LHC accelerator and one of the four detectors

From LHC Run 1 to Run 2

- discovery of “a/the” Higgs boson in Run 1
- benefits in Run 2

A few selected new ATLAS and CMS results
- focus on Higgs physics
- skipped ALICE’s Heavy lons and LHCDb results

The LHC beyond 2018 — Run 3 + Run 4
Conclusions

(Activities of the local RWTH Aachen University CMS/HEP groups)
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The smallest particles Q. | M
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The smallest particles @ | VI
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® leptons

Actually we have three "generations”
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The forces ...
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Forces between particles by particle exchange

particle

The electromagnetic force Q. | —
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The big problem Qo |V

® quarks

® leptons

exchange
particles

N
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Picture is incomplete — we need a mechanism to create mass
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The Standard Model (SM) of Particle Physics

A HEP experimentalist’s view:

Standard Model of Elementary Particles

three generations of matter

{fermions)
| 1 1l
=2.2 Mavjc? =1.28 OeVjc? =172.1 Gev/c?
22 203 23
12 u 1/2 C 1/2 t)
up charm top
- - -
=4.7 MeVjc? =96 MeV/c? 4,18 GaV/e*
1/3 113 1/3 0
12 d 12 S 12 b 1 *
down strange bottom photon
- - -
=0.511 Mev/c® =105.66 MeV/c? =1.7768 Gevjc® 201.19 GeVjc®
1 1 1 0
12 e 1/2 l‘l 12 ’[ 1 b
electron muon tau Z boson
=22 eVfc? <17 MeV/c® <15.5 MeV/c” =80.39 Gev/c*
0 0 0 +1
12 ve 12 v}l 12 vIf 1 w
electron muon tau
neutrino neutrino neutrino | | W boson

A HEP theoretician’s view:

Standard Model Lagrangian

Describes everything
experimentally confirmed
before 2012

Higgs sector

Yukawa coupling with new scalar i
(completely new interaction type) \ Higgs potential (1° ¢° + A ¢°)
ttH, H—bb and H— 1t are important! (to be explored by High Lumi-LHC)

Gauge boson interaction with new scalar
(new for scalar, but known for fermions)

Higgs measurements at LHC test new part of SM
G Salam LHCP2018 5
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The Large Hadron Collider at CERN

CERN budget: ~1 billion €/year Large Hadron Collider LHC  -@.— ™!

International science lab since 1954

Deutschland

European
re of particle physics

L H c I

LHC: 27 km ring, -100 m
Accelerates and collides bunches

of protons
Four huge experiments/detectors
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The CMS Detector

gggnyplans G

The principle ...

<<<<<<<<

et

For each
Oliver Pooth s
experiment...

Records huge number of “events” with
specific pattern of objects (#,E,angle,..)
Performing statistical ensemble
analysis
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LHC Achievements in Run 1 (2010 — 2012) atE_,, =7 & 8 TeV

Analysis: construct sensitive observables, study shape and/or com-
pare measured data with predictions with vs. w/o new effects/particles

Numerous important physics publications

CMS \s=7TeV,L=51fb"ys=8TeV,L=531fb"

s E ' ' ’ ' ' ] > U I
Data S/B Weighted ] T T
g 10012 ATLAS L Sig!+Bkg Fit (mgH:1zs.s GeV) 8 § Unweighted
% 80:— -------- Bkg (4th order polynomial) 5 :"_’-1500 4215001 1
A Higgs boson (m=125 GeV) as the corner- : _© E
F T ] c (11000 i 1
] - - o
stone of the Standard Model established by .- I ENE- I, o
. . Fo1s=7TeV, Ldt=4.8fb" ] - i
ATLAS+CMS in several (bosonic) channels 20 oo ov fuason’ oy 1 £ ! (G20
/o = | 35 N 2 w0t 2,
- -~ ? —~ [ eeeeee B Fit Component
B TS - g 0 E‘,? [ CD#to
- 2 ¢ © -4 () | E+20 J
5-8— = = ookl b b Lo a1l
100 110 120 130 140 150 160 n 110 120 130 140 150
m,, [GeV] m,, (GeV)
(not with full 2012 data sample)
> — T T T CcMs Vs=7TeV,L=511b" {s=8TeV,L=53f"
© [ e Data ATLAS % E"H""'>“""".".""E
£ Il Background Z+jets, ff Z 1wk Ozy zz =t ]
L%ZO}\:’Signal (m =125 GeV) 1 % 125_E|mH:125 GeV gai E
[ % Syst.Unc. g F o2k E
15015 = 7 TeV:JLdt = 4.8 fi” 1w o = F
. . o 0 F\s =8 TeV:|Lat = 5.8 b ] 8 M, (GeV)
Higgs explains masses of W+, Z s 1 9
(also masses of the fermions (for neutrinos more complex)) of 4 u;
- i 2
In Run 1 no observation of physics T T oler o AL ULILLL

250
m,, [GeV] m,, (GeV)

beyond the SM
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From Run 1 at 7/8 TeV to Run 2 (2015-2018)

at 13 TeV

Minimum bias

W(ln)

- . Z(W)
Major changes: o
H(gvngF:

(Much) Higher potential for SM & searches e

tz

(in most cases) “higher E., beats more lumi” .csw wr o

stop pair (0.7 TeV)
gluino pair (1.5 TeV)
7' SSM (3 Tev)

Q* (4 Tev)

Improvements in theory calculations BTV
and Monte Carlo model generators

=, (13 TeV) / o(8 TeV)

2.2
125
J2.0
§2.3
J2.4
J3.3
J3.6
J3.9
J4.0

1 10 100

J370

D/Charlton
ATLAS

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2018-08-14 23:22 UTC

80

A few detector upgrades, trigger ~1kHz
Computing becomes more flexible
Much more data is available for analyses il
- LHC peak luminosity ~2 x design
(use lumi levelling to get less pile-up)
- plus (CMS) “parking” of b physics data
- 2018 expect ~65 fb-1 for whole year

40

Total Integrated Luminosity (™)

) |== 2011, 7 TeV, 6.1 fb'

A —— 2012, 8 TeV, 23.3 %!

— 2015, 13 TeV, 4.2 b !
2016, 13 TeV, 40.8 b !

= 2017, 13 TeV, 49.8 b!

m— 2018, 13 TeV, 38.8 b

== 2010, 7 TeV, 45.0 pb !

50

= 7450
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Date (UTC)
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Selected New Results from Run 2 — Higgs Physics

pp— ttl-L
‘ 5’6_\,: g:’i:'_:_"’”“”‘” Higgs to fermion coupling
v B Y first established in H->7t
ij Vit ¢ b
. cpns Prelimina(y ‘ 35.917 (13 T?V) ,‘j b 'j et ] . .
i ( e et /‘ *, First observation of a Higgs
20 o | to (direct) quark coupling (tt)
W L N . .
£ e , f / (in production) by ATLAS/CMS
...... SM Higgs boson b'jet “ /
. — [M, €] it
10 M=t E < —
) SR H->bb now > 5 standard dev.
% 1?-5131 S ~ (huge cross section but high backgrounds)
§ 0.2”‘_1 i e : ‘”””‘2 ‘7 // ’ \e- . . . .
P pariemass [Gev] 1 Higgs spin consistent with 0
Th*
HIGGS As expected small total width

(measured by ZZ on-/off-shell interference)

FROM DISCOVERY TO PRECISION
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Selected New Results from Run 2 — Higgs Physics

HIGGS PROPERTIES

CMS Preliminary ® Observed
359 b (13 TeV) = +10 (Stat.@sys.)
_17._ = +10 (SYS.)
| HIG-17-031 — =l
u | p—
H : .
9 P =1.23"17 (708 stat 712 sys)
33% reduced g
MVBF e ——— uncertainty wrt LHC Run1
B -
| iy H—ZZ—4l
w - o
WH : <
s H-vyy
m 5 H—>WW
:.::
ZH s H—bb
B : 50% reduced H—T1T
n : uncertainty wrt LHC Run1
tH 5 H—pup
u = 1171058 (stat.) T 08 (exp. syst.) H—inv
g . . .
1 +0.06 (sig thl)
L1 11 I 1111 L1111 l 1111 l 1111 I 111 1111 -
0 0.5 1 16 2 25 3 4
o / oS M Parameter value

* Nearing theory-limited territory with just 2016 data

Shahram Rahatlou, Roma Sapienza & INFN

ggF VBF

o o
o o
o o
o

o s}
o o
o =l

VH

Total of 250 even categories

ttH

BF(H — inv.) < 22% @ 95% C.L.
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Selected New Results from Run 2 — SM Measurements

Measurements overview

Standard Model Total Production Cross Section Measurements siwws sune 2018

9 10“}‘%‘;5@1 ATLAS Preliminary - é
[S— Theory
o = Run1,2 5=7,8,13 TeV
10° LHCpp 6=7 TV
. - ; Bl oo 45 -som
No significant E o
d. 10° 2 O LHCpp ¥s=8Te&V
SM WOI’kS perfeCﬂym‘ 3 LHCpp Vs =13 TV
E - Data 11b
10° 3 O
-w-'_an,
. 0
10° F e - a o
ﬁ’ n'_‘ 1_0.5.
10! o - S
n\.'::r I
1 T !
ol ol |
teH —
i v
PP W Z t t ww H Wt Wz ZZ t W uZ tZj
39
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Selected New Results from Run 2 — SUSY (Supersymmetry)

Many were hoping to establish SUSY — unfortunately no sign so far

L _ -> set limits!
28 publications on SUSY searches with 2015-2016 data (36 fb™).

ATLAS SUSY Searches™ - 95% CL Lower Limits ATLAS Preliminary

July 2018 Vi=7,8,13 TeV
Senias -
Model e.pu, Ty Jets ET JLanqm") Mass limit V5 =7,8 TeV V5 =13 TeV
- - d - ~——r— - - - - -
39. ot o 2-6 jots Yes 36.1 1.55 )< 100 GeV
mono-jet 1-3 jets Yes 38 o7 g )=5 GeV
RR. R—q@t o 2-6 jots Yes 36.1 ® 20 M) <200 GeV
2 )= D00 GeV
BR. @ COF] Sep 4 jets - 6.1 2
oo, pape 2 jots. Yes 36.1 Fy 12 B
N e atl o 7-11jots  Yes 36.1 ® 1.8
Se.p 4 jers - 36.1 & o.98
RR. R—eri¥ O-1ep 3b Yes 6.1 ® 20 : L
Bep 4 jers - 361 ® 125 @) ) =300 GeV
By by, by —tF" a7 Mutpie 36.1 -, 0.9 )= B00 GeV. BR(AES =1
Munpie 36.1 . 0.58-0.82 M) =300 GoV. BR(LT, )=BR(HR | )=0.5
Munpie 36.1 b, o7 M) =200 GeV. m(i])=300 GeV. BR(K | )=1
by by i iy, My 2 M, Mungpie 361 i o7 i) =60 GeV
Muntpie 36.1 7 (] )=200 GeV
Fofy. Ty —=WoBEY or o O2e.pu O2jots1-25 Yes 36.1 A 1.0 T )1 GeV
fufy, A LSP Multpile 36.1 i 0.4-09 J)= 150 GeV. mif )mii})=S GeV. 7, =i —}-
Muttple 36.1 @ Fortedder o0.6-08 i )=300 GeV. m(E] )i} )=5 GeV, i, = i
. Well-Tempered LSP Muitiple 6.1 # 0.48-0.84 - T TSOGeEY : - -
iy —eck 1 22, 2—eck o 2¢ Yes 36.1 7 o.8s ET)=0 GeV
i 0.46 i, Sy )=S0 GeV
o mono-jet Yes 36.1 i 0.43 N, L) ) S GV
1-2e.p 4 Yes 36.1 i 0.32-0.88 M) =0 GeV. m(i, )-mii})= 150 GeV
23 e - Yes 36.1 Ry oe )0
o pups =1 Yes 36.1 7 0.7 €] )T )= 10 GeV
COEyyi b Yes 203 F 7 0.26 o |
T 2. ET = twre), K2 —Prvw) 2r - ves 36.1 t;/i; o.7e M) =0, m(r. $)eO S{miE T Yo} )
Eg Py 022 T )T )= 100 GaV. m(t. #)=0.S{mit; }omii’s))
Himly ., Ty 2ep o Yo 6.1 7 os )0
2e.p =1 Yes 36.1 7 o.18 M)l ) =S GeV
AR, B [26 o = 3 Yes 36.1 I 0.13-0.23 ﬂ 0.29-0.88 BEET . by
dep o Yos 36.1 o - BRG, — 2Cy1 |
Direct ¥ ¥, prod.. long-lived ¥ Disapp. trk 1 jot Yes 36.1 i; 046 Pure Wino
- o.1s e e Pure Heggsno
Stable ¢ R-hadron smpP - 32 ® 1.6
Metastable § R-hadron, §—ggt; Muliple soe | @ M@=100Ms020s) 0 1s 2.4 mE)=100 GeV
GMSB, i —yC, long-lived i} 2y - Yes 20.3 e 044 1<r(iT)<3 ne, SPSE model
ZR. K0 —cev/epvpgy displ. ce/epe/pape - - 203 ® 13 6 <eriFT )< 1000 mm. s )=1 TV
LFV pp—e®, + X. ¥, —sep/er/pr eper o a2 .
L Sep o Yes 361
R, R—qot), ¥] — 994 o 4-5 large-R jets - 6.1
g . o Multpie 36.1
Muttpie 36.1
Muttipie 6.1 T =200 GeV. bino ke
o 2jets « 25 ’6.7
2ep 2» 6.1 i 0.4-1.45 BR(F, —br [y} >20%
1
1
10 1 Mass scale [TeV]
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Selected New Results from Run 2 — Exotic Searches

Many were hoping to find (other) physics beyond the SM — not (yet)

ATLAS Exotics Searches” - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: July 2017 f[ dt = (3.2 —37.0) fo! V5 =8,13TeV
Model ty Jetsi ET™ fraqm) Limit Reference
7 r e e B | v —r—rT 7 T —
ADD Gk + g/q Oep 1-4j Yes 36.1 Mo 7.75 TeV n=2 ATLAS-CONF-2017-060
ADD non-resonant yy 2y - - 367 |Mg 86TeV o~ =3HLZNLO CERN-EP-2017-132
ADD QBH - 2j - 37.0 L BOTN =6 1703.09217
ADD BH high ¥ pr 2lep 22j - 32 M, 8.2 TeV n =6, Mp = 3 TeV. rot BH 1606.02265
ADD BH muitijet - 23) - 36 M, 955TeV =6 Mp = 3 TeV,rot BH 1512.02586
RS1 Gux — vy 2y = - 36.7 | Gikimass 4.1 Tev k/Mpy = 0.1 CERN-EP-2017-132
Bulk RS Gux — WW — qqlv Tepu 1J Yes 36.1 Gux mass 1.75 TeV k/Mpy = 1.0 ATLAS-CONF-2017-051
2UED/ RPP lepg 22b,23) Yes 132 KK mass 1.6 Tev Tier (1,1), B(A®Y — g2) = 1 ATLAS-CONF-2016-104
SSM Z* — i« 2ep -~ - 36.1 Z' mass 4.5 Tev ATLAS-CONF-2017-027
SSM Z’ — rr 2r - - 36.1 Z' mass 24Tev ATLAS-CONF-2017-050
Leptophobic Z* — bb - 2b - 32 Z’ mass 1.5TeV 1603.08791
Leptophobic Z* — tt Tep 21b 2102 Yes 32 Z’ mass 2.0Tev r/m=3% ATLAS-CONF-2016-014
SSM W’ — fv lep - Yes  36.1 W’ mass 5.1 TeV 1706.04786
HVT V' = WV — ggggmodelB  Oe,p 2J - 36.7 V' mass 3.5TeV sv=3 CERN-EP-2017-147
HVT V' — WH/ZH modelB  multi-channel 36.1 V’ mass 2.93 TeV &v =3 ATLAS-CONF-2017-055
LRSM W, — tb Tepu 2b,0-1j Yes 203 1410.4103
Lo Wi = S T o | ——————— reonces
Cl 9999 - 2j - 37.0 A 218TeV . 1703.09217
. Clitqq 2e.p - - 36.1 A 401 TeV ATLAS-CONF-2017-027
Cl uutt 2(SSy23eu 210,21 Yes 203 |Caml = 1 1504.04605
Axial-vector mediator (DiracDM) O e,u 1-4j Yes 361 [— 1.5 TeV 847025, g, =1.0. m{x) < 400 GeV | ATLAS-CONF-2017-060
- Vector mediator (Dirac DM) Oe,pu 1y s1j Yes 36.1 M 1.2Tev 84%0.25, g, =1.0, m(x) < 480 GeV 1704.03848
VVxx EFT (Dirac DM) Oe.pu 1J.5s1)  Yes 32 M. 700 GeV m{y) < 150 GeV 1608.02372
Scalar LQ 1* gen 2e 22j - 32 LQmass 1.1 TeVv =1 1605.06035
. Scalar LQ 2™ gen 2pu 22j - 32 LQmass 1.05 TeV =1 1605.06035
Scalar LQ 3 gen teu 21523) Yes 203 | p=0 1508.04735
VIQTT = Ht + X Oorlen 22b, 23] Yes 132 T mass 12Tev B(T = He)=1 ATLAS-CONF-2016-104
VIQTT — Zt + X lep 21b23) Yes 361 T mass 1.16 TevV B(T = Zt) =1 1705.10751
VIQTT - Wb+ X Tep 21b 2102 Yes 36.1 T mass 1.35Tev (T —-wp)=1 CERN-EP-2017-094
VLQ BB — Hb + X lep 22b23) Yes 203 B(B — Hb) = 1 1505.04306
VLQ BB — Zb + X 2/23e.p 22210 - 203 B(B — Zb) = 1 1409.5500
VLQ BB — Wt + X Teu 21b 2102 Yes 36.1 Bmass 1.25 TeV 8B —-wWr) =1 CERN-EP-2017-094
VLQ QQ — WgWgq Tep z4j Yes 203 1509.04261
Excited quark g* — qg - 2) - 37.0 q* mass 6.0 TeV only u* and d*. A = m(q") 1703.09127
Excited quark g* — qy 1y 1j - 36.7 q" mass 53 TeV only v and d”, A = m(q") CERN-EP-2017-148
Excited quark b* — bg - 1b1j - 133 b* mass 23 TeV ATLAS-CONF-2016-060
Excited quark b* — Wt lor2e.p 15,20) Yes 203 fh=fi=fk=1 1510.02664
Excited lepton (* 3ep - - 203 A=30Tev 1411.2921
Excited lepton »* 3eptT - - 203 A=16TeV 14112921
LRSM Majorana v 2e.p 2j - 203 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — (¢ 234eu(SS) - - 36.1 DY production ATLAS-CONF-2017-053
Higgs triplet H** — (r 3e.ptT - - 203 DY production, SB(H* — fr) = 1 14112921
Monotop (non-res prod) Tep 1b Yes 203 Bagn-es =02 1410.5404
Muiti-charged particles - - - 203 DY production, |gi = Se 1504.04188
TanCredI Magnetic monopoles - - - 7.0 lWM.UI—lw.KwI/} 1509.08059
1) A A PR Y i i i i

ATLAS I

“Only a selection of the available mass limits on new states or phenomena is shown

10 Mass scale [TeV]

Small-radius (large-radius) jets are denoted by the letter j (J,
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LHC & HL-LHC Schedule and Challenges

Physics potential for the next two decades — huge increase of data set

@

High
Luminosity
LHC

LHC /HL-LHC Plan

LHC
Ls1 EYETS 14 TeV
13-14 TeV energy
injector upg 5to7x
splice consolidation cryogenics Point 4 omina
7 TeV 8 TeV button collimators ore dispersion Sryolimit HL-LHC installation E:I:::,'::i‘n ’
e R2E project su;)IFres:ion regions —_—
collimation —\
||||M
diati
damage
75% 2 x nominal luminosity
nominal nominal fuminosity . experiment upgrade F
luminosity | experiment beam pipes / phrase 1 experiment upgrade phase 2

Run 3: "moderate” increase of luminosity, a few “upgrades phase 1” detector and
trigger upgrades, probably increasing E., a bit (13->14 TeV)

Run 4: trigger, electronics, computing, detector (radiation esp. in endcap regions),
major “upgrade phase 2” replacements necessary — huge challenges ahead!
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LHC & HL-LHC Schedule and Challenges - Detectors

CMS PHASE || UPGRADE

T Barrel Calorimeters
'|1.1 Trlgger:‘/ﬁ)ET/E)AQ 1 https://cds.cern.ch/record/2283187
https: .cern.ch/record/22831

« ECAL crystal granularity readout at 40
MHz with precise timing for e/y at 30 GeV
« ECAL and HCAL new Back-End boards

* Tracks in L1-Trigger at 40 MHz for 750 kHz
PFlow-like selection rate

* HLT output 7.5 kHz

Muon systems
https://cds.cern.ch/record/2283189

~+ DT & CSC new FE/BE readout
. * New GEM/RPC 1.6 <n<24

+ Extended coverage ton =3

Calorimeter Endcap\>
https://cds.cern.ch/record/229364¢
* Si, Scint+SiPM in Pb-W-8
+ 3D shower topology with N\

precise timing

Beam Radiation Instr.
and Luminosity, and

!
’// Common Systems
A/ & and Infrastructure

Tracker https://cds.cern.ch/record/2272264 MIP Timing Detector

« Si-Strip and Pixels increased granularity https://cds.cern.chirecord/2296612
« Design for tracking in L1-Trigger * = 30 ps resolution
« Extended coverageton = 3.8 « Barrel layer: Crystals + SiPMs

* Endcap layer: Low Gain Avalanche Diodes

-

Shahram Rahatlou, Roma Sapienza & INFN 34
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LHC & HL-LHC Schedule and Challenges - Computing

HL-LHC Current Data Predictions

* These plots were created at the request of our funding agencies and
represent what the needs would be extrapolating from current practice.

Data on disk by tier

5 Exabytes

of Data on Disk

mmm USER
@ 3000 4
I

Runl & 2
5000 Ops space
RAW
GENSIM
4000 AOD
MINIAOD
2000 4 I

1000 1

7 9-Jul-2018 iz Sexton-Kennedy | Future of Software and Computing for HEP

For Run 4 (for ALICE Run 3):
with a "flat budget” and current
technology extrapolation and
harvesting of “opportunistic
resources” still a factor ~5 for
CPU and storage missing

Disk Storage [PBytes]

aq
o

D
D

3000

N
o
o
o

o
o
s}
S
I

[ ATLAS Preliminary

= Resource needs
(2017 Computing model)

— Flat budget model

(+15%/year)

yyyyy

* We do this today with a
world wide computing grid.
It will need to grow.

* Reliable and performant
networking is key to our
federated data model.

» Usage of this infrastructure
will have to expand to
support other HEP

ot o S T R B
2018 2020 2022 2024 2026 2028

domains as well.

11 9-Jul-2018  Liz Sexton-Kennedy | Future of Software

Year

4= Fermilab

SKA Phase 2 - mid-2020's
~1 EB science data

Z& Fermilab

and Computing for HEP
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Conclusions:

LHC Run 2: excellent performance of accelerator, detectors, computing, analyses
» Resonance at 125 GeV seems to be THE SM Higgs, lots of quantitative H results

« So farin CMS and ATLAS no evidence of signals for SUSY or other “new” physics
« most of us think there must be more ... SM is great but has fundamental “deficiencies”
« No more low-hanging fruits — have to explore niches in parameter space, other ideas, ...

* (LHCb with a lot of new interesting results on CP, spectroscopy/particle compo-
sitions; first indications of flavor anomalies (to be confirmed with full Run2 data))

* (As usual ALICE Heavy lons data taking will start end of the year)

Collaborations are already working intensively on detector, computing, ... upgrades
for Run 3/4

Challenging ~15 years of LHC physics with a huge data set are still ahead of us!

IIl. Physikalisches
Institut B
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CMS Projects at RWTH Aachen University, Germany

HEP theory and three large experimental CMS groups
Almost 100 persons!

* Theory HEP group: 10 seniors/post-docs, ~25 Ph.D./master/bachelor students
« Top & Higgs physics, SUSY phenomenology

 Institute | B: 3 seniors/post-docs, ~10 Ph.D./master/bachelor students
 Silicon tracker upgrade, SUSY analyses

» Institute Il A: 10 seniors/post-docs, ~25 Ph.D./master/bachelor students
« Muon chamber upgrade, exotica searches & single top analyses, improved analysis
techniques, H->cc

» Institute lll B: 8 seniors/post-docs, ~10 Ph.D./master/bachelor students
* Head: Prof. Achim Stahl
« Silicon Tracker upgrade, Grid computing, tau, LVF & Higgs analyses

Plus: LHCb, AMS, Auger, IceCube, EnExX/RANGE, DChooz, T2K, JUNO, Borexino/SOX,
EDM/Jedi, med. applications, detector R&D, Einstein telescope, cosmology theory

RWTH

Il. Physikalisches
Institut B
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CMS Hardware Projects Aachen lll B (Prof. Stahl, Dr. Pooth)

Need for a new CMS Phase-2 Tracker

-~

The CMS Phase-1 Tracker would be suffering from radiation damage after 1000 fb-! > degradation

in track reconstruction efficiency

HL-LHC integrated particle flux for 3000 fb-2 Challenges in Phase-2:

10!

- Withstand 3000 fb-2

g
Fluence [neq/crr?I

Requirements:

750 kHz, 12.5 us latency
~
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-5 x 1034s-1 cm-2 = O(150) collisions per bunch crossing

- Outer Tracker region: up to 1 x 1025 neg / cmM?2
- Inner Tracker region: up to 2 x 10% ne,. / cm?2

- Increased granularity (= 1% occ. in all Tracker regions)
- Less material in active volume to reduce material budget
- Contribute to Level-1 Trigger = Level-1 Trigger Upgrade:

Level-1 Trigger with Tracker Information

valid ,,stub”

Global Muon Trigger \
Calorimeter Trigger Eamdll Level-1 Trigger

1-4mm
pass

invalid ,,stub”

= Cr 11 T T 1T 11
Tracker Trigger —

CMS Phase-2 Simuiation

(S=14TeV, Muans. O PU

& TBPS layer 1
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- Detector modules with on-board p: discrimination é
- Front-end ASICs correlate signals collected on two sensor Loy
planes and select pairs that form stubs compatible with oe =
particles above the chosen pr threshold -
- Stubs are used to form tracks c.a @y
- Track Finder sends track parameters with 40 MHz to L
Level-1 trigger = max. 750 kHz to High Level Trigger i S 5%
ol b | |
1 2 3

& 7 8 £ 0
Particlie e, (GeV)
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CMS Analyses Projects Aachen lll B (Prof. Stahl, Drs. Mueller, Sert)

— Search for additional Higgs Bosons

— H_tautau — Measurement of Higgs boson properties
—H . WW — CP in ggH Production
— Search for LFV Z boson decays —CPinH - tautau decay

— Measurement of Z boson properties
— Tau Polarisation

CMS Preliminary L =35.9/fb (13 TeV)
= 160771 T T L e L ThTh
> :_ Wandti Cj i 3 . T T T T T T T T T
R 140 mm W ooz vz . > " | | :‘
g ? L 77 Hi j 9 — -+
é':- 1207 E:’H-mcevxw ':ﬂ'ﬂ“féﬁgc?:\‘/xm . g 0'10_ +GFO i
— —e— Data 1 AIMC —_ L . i
e} E o ] L + GF CPmix J > >
Z 100 . 0.08 — —
© n W ] . —+-GF0 " 1 g
80 H Vo I ] >
Cws W ] i » g
40/~ = W -
C - il T
e 0.04 [ dH
20— B
n E':.;—Zi;a i B B
B 14 E ! = 0.02—
g 12 E =3 "
I : i
E 0.8 >:_ o n v n /i v riss ,.g 000 I ) | I ) ) | ) . I I
T 06 & : i = . _
e 500 1000 1500 2000 2 0 2
m, (GeV] Ad.
Jl
23/24 The Large Hadron Collider at CERN, Thomas Kress

IIl. Physikalisches
Institut B




CMS Computing Projects Aachen lll B (Drs. Kress, Nowack)

Distributed Grid computing — Tier 2+3 e L —

(Doesn’t count; not managed as created or replicated
a coherent data set) 1 Exabyte = 1000 PB

- “
i,

~14x growth
expected 2012-2020

Started 2005, so far 2.5 M€ '
invest in computer hardware jifs & :

Presently 5500 CPU cores,
5 PB disks, in 12 racks

Supporting entire CMS
collaboration
German & Aachen CMS

users get extra resources

Started to work on virtua-
lization/cloud techniques

ETCOLOGNE
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