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Taking measures to save energy

CERN is taking measures to save energy over the coming winter and in the long term
11 OCTOBER, 2022 By Raphaél Bello & Mike Lamont

In line with the strategic objectives of the current CERN Management, CERN has been working on a plan to
improve the Organization’s energy managementin the long term. However, the current energy crisis makes the
need to save energy ever more pressing now, and measures are being implemented for the coming winter to
ensure that we play our partin mitigating the impact of the crisis. The 2022 year-end technical stop (YETS) will
start on 28 November, two weeks earlier than initially planned. In 2023, the YETS is now scheduled to start at
the end of October, with a curtailed operational year for the LHC and the operation of the full injector complex

reduced by around 20% overall. Should things improve in the meantime, the 2023 plans will be revisited.

In addition, various measures are being implemented to save energy on the CERN campus. These include
switching off street lighting overnight, using sleep mode for unoccupied meeting rooms and turning the heating
down one degree. Plans have also been developed for reduced-power configurations to face possible load
shedding should it be required by our electricity supplier, EDF.

Looking further ahead, work has been proceeding well with our application for ISO 50001 energy management

2023F DB 1X20% 8l (75 B2 E)

[Ronf=-FRIDOHF T, BRIEE (T - ERKNILT HEL

Related Articles

Gaipea

M a‘ﬁ;_,'r'rgiﬁg"enjejf‘glyr
responsibly: CERN is
awarded....

Fietd Joint

End Cag

} SuperNode and CERN
—

collaborate on new
solutio...

Knowledge sharing | News

22 April, 2023

o2

AtCERN™ ["News
16 February, 2023




Impressive level of control, for
example...

« Beta® levelling routinely used for the

first 5-6 hours of every fill

* Fully automated levelling for IP1 /IP5 (u = 54 £ 2.5%)

* Luminosity jumps below ~5% (as requested by Experiments)

* Inner Triplet cooling for collision debris limited to ~2x10%* cm-2 | :
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Run 2-> Run 3 Run 3- HL-LHC

Channel 13.6 /13 TeV 14/13.6 TeV
H (ggF) REERDIBIE 7% 6%

HH 11% 7%

tt 11% 6%

ttH 13% 7%

ttt 19% 1%
SUSY stop (1.2-1.5 TeV) 20-30% 14-19%

Z’ (5-6 TeV) 50-70% 30-40%

QBH (95TeV) g wmeay 250% 100%
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tt/Z Cross Section Ratio in 2022 Data
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« CDF update: M, = 80433.5 + 9.4 MeV
— More precise than all previous measurement combined.
— Tension of 70 with SM expectation.

 SM expectation: M, = 80357 + 6 MeV

SM
DO | 80478 + 83 ®
CDF | 80432 + 79 <
DELPHI 80336 + 67 — >
O
L3 80270 + 55 ~—@— =
=
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« CDF update: M, = 80433.5 + 9.4 MeV
— More precise than all previous measurement combined.
— Tension of 70 with SM expectation.

 SM expectation: M, = 80357 + 6 MeV
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ATLAS 2023 Result weighs in
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ATLAS Detector Upgrade for HL-LHC

* Upgraded / consolidated most of parts due to...

= Higher particle density
= Higher radiation damage Muon System:
= Higher trigger rate Chamber upgrade,

Upgraded electronics

. s e e \ ¥ - Il\ agnelic calorimeters
Calorimeter: - - Inner Tracker:

Upgraded electronics | | Fully replaced.



BIE O WNERRR T

IRTE DInner Detector

ID end-plate

HES L ITk— L A 7 7 K il

3512.0

_ Cryostat |
Solenoid coil h%fLO n=1.5 “
2 — %
::;Z::: L sag.o PPB1 7 /,/"// 2710.0
- E R1004.0 - Inl=
= = e n=2.0
< | TRT (ehd ! c: o
@ TRT (barrel) 4 (e p - Cryostat
'_g hlefslals]elr argfohifel 1 |2 |s [ a5 | 6 7 | 8 | ress.0
T pses.o — ,/4/'.7 P . T I —
[ S ; > o - u DRSEO 0 _——"Pixel i=2.5
R443.0 - s ’I/-—('en Cap) Upaoso "Hi490.6 support tube
R371.0 ﬁ&%@bﬁﬁﬁﬁﬁf/ e R o y
R298.0 v : — .. o S . —tmeTs0 y waso0 1
i | ——;T 1 i_::; B ' Beam-pipe
| = ‘ R=28.05
| 400.5 | 580.0. 748.0  934.0 1299.8 | 1771.4 2115.2 2506.0  2720.2
L 77777777777 - 7773:'.71.75774975.70755i.j 853.8 1001.5 1399.7 Z (mm)
'E‘ [ L4 T Y T ] 1 4 T 1 2 ‘ T T T T T T Y T 1 T 1
= 1400 -ATLAS Simulation —
o< - ~ ITk Inclined »
= - Strip =
1000 = —
E n=20 -
600 = . -
T B Pieel =
400F / — n=30 =
R isnitsinsnsnes 8- 0. 58 .8~} I -0 _R--0-80 "R _—0
200L77—-“unx\\\\~\\,7'” S i ©=Es-4 I | ,Lfi--f'fr 1 1 —
p—sasssssssess PRS00 BB R T H 0 I I i I I n=4.0
e ER L ALY A <o 0B Lli l_lL 1L 3 33311
o= : L+ ! : ! . =
(0} 500 1000 1500 2000 2500 3000 3500

Z [mm]



KT I—T D45+
NULEBO LB D1 —% 8

EotIL Layer 2-4DHJ1/ADFE 21— )L EFH &

— = o L S MEELE Sl i G i o o e o el o oo e o oo g ea——— ]
E 1400 ATLAS Simulation -
o ~ ITk Inclined =
1200 n=1.0 Strip g
1000|= ' -
2 . . M=2.0
800 , |- &=
80 , |l | Pixel
400 - {4 o
= P T i =0 3
pisesssan -0 -4 - CE -V} o)

ssvvasaevs $0 30 0 BB B EETEL 0 1 1 ) Il ,_40
vizat v wssvva s v a—v s § 1 | l__L_'__Ll—l L1 33— 11 —
el = e DTS, e mrererara PN L. =
(0} 500 1000 1500 2000 2500 3000 3500
Zz [mm]

2023F E L, AMN)YTHEIRILLEEDERR,

s EVENEE Y —+HEAHLEED A —ILICHEA LITAHEE,

« BLEMZCERNIZESHIIZHIFEL . E8EZF T v-=QC, Quality Control,

o BLEMEHUTI)UTL., AR RS EERICKYMSHRTHIEZEF v I=0A,

Quality Assurance,



A KU w»7QC

e JEARMITEEZEE+ANOOY — FEANSIXJE—FT
E=5—. BT tzha Bl

ka0

_ +— Camera (Nikon D5600)

i =
| B -.. IR e
) « Autofocus NN

HPK wafer carrier | # 1 (fbl’ meth'OGY)"'

‘ ‘ 0.0053--
(25pcs. SMMDI - i
00053

’ Lens 0014
HPK wafer tray ¢ 4 5 -‘ xz_for vC
(vacnum holes, <1.3mm | 1 » f : l.fm6f°r mmlcgy

w

o : |
© 6000 .
g C —
kS) - .
£ 5000: :
23 - r i
4000} r .
- rlﬂf" ' .

3000 |
E fJ KEK delivery E
2000 - ',’ o AN —— QC done Bl
E j’, Delivered E
1000 : - <HRERRRNE RN R EURRR A Schedule Jan 2021 |- E
R .
O_QJ l

202112 2022/12 2024/01 2024/12
Date




T2 T 74t
.‘\l)ii, '
| NP AE VI TRE

7Y
@/\YLEY

B LR

@FhRk
Sensor 7:E¢/‘ a—)L O—T AT YA~ HE

HARY IL—TT2,200E 12— )LEEY,



v 7 B BREFTOKEKTOQC. QAHIE

2 H—QABRITED

tyhT7vo EZa—)LIVEIE
— Semi-Auto Prober @ KEK
_ . | Sensor IV/CV Setup -

QCHIE Dty T7vT

— R ‘j

Detect the edge Calculate the
distance



v EY 2— LVDOERE

e EDa—I)LEMEIX. NVYULEYOHRADHSY)—2)IL— LT,
ITKEBART IIL—T DAY T -FE N TRER-TITI,

IRV LEY Tk

2020 2021 2022 2023 2024 2025

: . . Preparations for Pre- :
Pixel [Deslgn vﬂlldaﬂon} [ pre-production }[p . ctic-rJ[ Mass production




BT Y 2 — /LD EE

e EUA—I)LEMEIZ. NV LEYOIHRDIY)—2 )L—LT,
ITKEBART IL—T DAY T FENTRNERH-TITI,

W gt EaERE

S

B — L ERATRY

N )
e W




E & D

ATLASEERTIX., LHCIZLAHA RS IRILF—DEGF-

[GFEET—2EEE. #fTLTWh5,

2022F CIZRUNSEE NI FE-T-. BIEEFDH T, 5@

L7-E—LBRTHRRDT—3ZNET HEETITOTLNS,

Run3®M13.6 TeVT—2DEHTIERM ., I TIZLK DMK

SNTLVA,

— 0+£/07

—H->yy,H->Z7Z" - 4¢

Run27—42DEHTH. LI TLVD,

ITKDEEARH|IZDUT

— ARN) YT H—DEEHLIERIZHEA TS,

— 2023FE(ZIEPixel BV a—JL D Preproduction N A 4§
£9 %,




backup



LS2 COMEEDT v 77 L— R

LS2 (2019-2021) — -
R - inac
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DIMEETvTTL—F1% (e e
ATHhnit-.

[GFE—LDEEZLIT51-8
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* Booster injectionZ 7w
L—F.
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ATLAS LS2 Upgrade: L1 Calo Trigger

FIA—AFAHLEMD LT HET. BF.. FMNIA—~DINVITSOURDFEEF RS
ER
N)A—ILHOFOZHRDTYT T L—FK,

Trigger Towers

Layer 3
AnxA® = 0.1x0.1

I Super Cells

SPD = 130

<

Key numbers
* 5000 new optical fibres
* 1524 Front-End readout
? - Boards refurbished

* 23.6 Tbps (Tera-bits per
second) of data from
the Super Cells

Layer 2
AnXA® = 0.025x0.1

Layer 1
AnxA® = 0.025x0.1
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10= e Run2 fxy, %%,
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[ Phase I1R,, W cuts "nun!“"’
1 E ’E
E s+ Phasel:R, w1, cuts
PRI Y TN PN

-1[..] e RS PR S |
10790 15 20 25 30 35 40 45 50 55

L1 EM E; [GeV]
Nucl.Instrum.Meth. A824 (2016) 374-378
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ATLAS LS2 Upgrade: L1 Muon Trigger
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Detector Coordinates
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World Averages of Heavy Particle Masses

Prog. Theor. Exp. Phys.2020, 083C01 (2020) and 2021 update

Mass (GeV/c?) Contributing discovery
Experiments

80.387 +0.016  1+0.02%  LEP, Tevatron, LHC 1983

Z 91.1876 +£0.0021 +£0.002% LEP 1983
top 172.76 +0.30 +0.2%  Tevatron, LHC 1995
Higgs 125.25 +0.17 +0.1% LHC 2012

* Improving top quark mass is challenging, due to top quark engagement with

strong interaction.
* Higgs measurement still have room for improvement, both for systematic and

statistical uncertainties.

* W boson mass measurement is at £0.02% precision.
 Measurement technique is mature, and improvement is most challenging!
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Profile Likelihood Fitting

« Template fitting Tl MR FENSDAEEBEL T y?ZF s=/IMEL TV =,
* PLHTIX, RIEFEHNSIZET B/\SA—FBHBIELGEN LTy bR
Thnsd,

L (,u, §|ﬁ) = H r‘ Poisson (nJ,-,-h{ﬁ(y, 5)) - Gauss (5)

‘Bin i of event category j
n;; number of events in (ji)
6 Nuisance Parameter for each systematic source

u parameter of interest, e.g. my,
vii = Sji(w. 0) + Bji(1.6)

i1, 6) = @ X ‘5”*"”‘ +px (Sh - 5““""” Z 8, % ( St - S;}mm)

n B;‘;mn 2 Z 6, X (B;’Iﬁ' | Bix}um) ,
b ‘ ‘
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p? fit

M, m[<0.8,

M, n|<0.8,
, 0.8<[n|<1.4,
, 0.8<In|<1.4,
. 1.4<[n|<2.0,
. 1.4<n|<2.0,
, 2.0<[n|<2.4,
, 2.0<[n|<2.4,

e, n|<0.8,

e, n|<0.8,
,0.6<n|<1.2,
, 0.6<Mn|<1.2,
1.8<[n|<2.4,
1.8<[n|<2.4,
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q=—1
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=1
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q=—1
q=+1
q=1
q=+1
q=1
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q=+1

Combination

my, FIMED S Tk -16 MeV  m, [MeV]

Template vs PLH fit results

T T | T T T T | T T T T | T T T T | T T mTfit T T T | T T T T | T T T T | T T T T | T T
ATLAS Preliminary ATLAS Preliminary
Ys=7TeV, 4614 117", e-lu-channel, single- and multi—pr—ﬁls Vs=TTeV, 4 64117 e-/y-channel, single- and multi-m¥fits
=== PH, total unc. === 72 total unc. === PLH, total unc. === 32, total unc.
=== P| H, stat unc. === 72 stat unc. === PLH, stat. unc. === y2 stat. unc.
el u, n|<0.8, g=-1 =k,
—i u, n|<0.8, q=+1 i
—— 1, 0.8<m|<1.4, g=—1 | ==
y— I u, 0.8<n|<1.4, g=+1 e
i u, 1.4<mi<2.0, g=—1 — ==
= 11, 1.4<[n|<2.0, g=+1 —_—
—_— w0 20<h|<24, =1 —————
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— il e, n|<0.6, g=—1 |
= = e, <06, g=+1 —- I
—_— e, 0.8<n<1.2, q=—1 i
._-—-,:--_-—-. e, 0.6<|<1.2, q=+1 -—-.:.-—--—-_.
e e——v— e, 1.8<n|<2.4, q=—1 —_—
...................... '——' e 1.8<mj<2.4, q=+1 '—...—'
1 | | | | | | | | ?EI-l | | | | | 1 | Combination | | | | | | | | | 1 | #‘r‘ | | | | | | |
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77lVV'EF]’L)1 DIk
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12 MeV  m,, [MeV]
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Pseudo Exp. results

RIEREDNSNPESYVENSDPETIX., p! T4V b DIELE
(£16 MeV

wn .. ) . .
2 140 ATLAS Preliminary —e— My, Toy Measurements 2 140 ATLAS Preliminary —e— My, Toy Measurements
— I Fits based on pT-distributions Mean = 80358 MeV - " Fits based on m-distributions Mean = 80376 MeV/
S 120 RMS =16 MeV S 120~ RMS =23 MeV
g r g r
= 100~ = 100~
3 — = L
< g0 < g0

60 60

40— 40—

20 20—
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my, [GeV] my, [GeV]

Figure 2: Spread of mw fit results for 1000 random variations of all sources of systematic uncertainty, using the p%
distribution (left) and the m distribution (right), and the CT10nnlo PDF set.
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Parton Distribution Function & | &
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Ratio to data

PDF Dependence

Overview of my, Measuremems (p Dlstrlhutlons)

Overview of my, Measu remems (m Distri butlon s)
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o bon7as i Sionrasa : ‘— » '-
72014 I 72014 |
w20, L M2, e
NNPDF3.1 ® Measurement i : E NNPDF3.1_ @ Measurement i : I l
an 200506477 DStat. Unc. -.:-i arXiv:2005.08477 DStat. Unc. _— i. :-
[l Total Unc. : Nk [l Total Unc. Nk
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______________________ | L i - i L i
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i _\_gtIEDb\J:<fd~L\iﬁé7b\%é
. NNPDF LTl myy DIy ER 1L
[ PDFZZ Z CTHE4MeVLLIAL M TRLELY
i NNLO QCD + NLO EW ] .
09 —o Data o CieA « CT18%nominalél ., ptEmpZEar /1oL
[ stat. ©syst. NNPDF4.0 P JR &t
| stat. @ syst. @ lumi CA; ABMP16 —Cﬁi%; %I:l % (j:
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ATLAS 2018 & 2023 & CDF Dt D Hriz

2018 ATLASD REEMNST—T )L

2018
2023
CDF

87370 £ 19 MeV

80360.4 + 16.3 MeV

80433.5 £ 9.4 MeV

Source

Uncertainty (MeV)

Lepton energy scale
Lepton energy resolution
Recoil energy scale
Recoil energy resolution
Lepton efficiency

Lepton removal
Backgrounds

pZ model

pr /p% model

Parton distributions

QED radiation

3.0
1.2

1.2

1.8

W boson statistics

2018 ATLASD FRHEMNEST—T )L Total

Combined Value Stat. Muon Elec. Recoil Bckg. QCD EW PDF Total | y?/dof

categories [MeV] | Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. | of Comb.

mr-ph, W= e | 80369.5 | [(6.8) (66 64] | 29 83 55 [(92) 185]| 29727

2023 ATLASO FREEMNST—T )L

Obs. Mean Elec. PDF  Muon EW PS & Bkg. 'y MC stat. Lumi  Recoil Total  Data | Total
[MeV] Unc Unc Unc. Unc. A; Unc. Unc. Unc. Unc. Unc. Unc. Sys. stadt Unc.

P 80360.1 || 8.0 7.7 7.0 6.0 4.7 2.4 2.0 1.9 1.2 0.6 15.5 4.9 16.3

myr | 80382.2 | 0.2 1.0 55 5.9 10.3 60 7.0 2.4 1.8 T 244 B.7 25.3
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Standard Model Total Production Cross Section Measurements
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