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Main initial goals of 2017 Run

dincrease performance - maximize integrated

luminosity
« BCMS beams (lower transverse emittance)
« ATS optics (start with * 40 cm at IPs 1&5)-> reduce further later
in the run
» Possibility to reduce bunch intensity if needed (lower pile-up,
beam instabilities, etc)

dMaintain the machine availability (~50%)

Steps towards the HL_LHC era: ATS optics
with reduced 3%, RF full detuning

dTarget of 2017 in integrated luminosity: 45 fb-1
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What was achieved

Qintegrated luminosity (ATLAS\CMS): S
~ 10 VY ‘?*?\
50 fb-1I! A
. . \ METAE
dBest year in terms of Luminosity ~_ "
production!! s
% 503—
dAvailability ~50% £
(see talk of B. Todd) g8 I
Q ATS optics at f* 30 cm B
O RF full detuning 10F-
U Small emittances (BCMS, BCYS) C
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2017 In summary
 All main goals achieved !

dThanks to the hard work of all the teams involved

In the LHC and the injectors
» Quick response when problems appeared
» Experience gained from last years clearly beneficial

» 2017 was a successful year!!

Despite the difficulties that appeared during the year!




2017 Start ...as planned

0 New Achromatic e
Telescopic Squeeze (ATS) 1/ .
optics as decided after R
successful MDs in 2016 > w] | g
mandatory for HL-LHC | | S

s{m)

0 Enhanced Combined B i
Ramp & Squeeze (CRS) to
reach B* of 1 m | CRS squeeze
(ATLAS/CMS) at flat top - g
further squeeze to 40 cm —
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2017 Start ...as planned

dPreparations during commissioning and later in

MDs also for lower * of 30 cm

« Tighter collimator settings from the start

« Optics measured and corrected (down to 30 cm)
* Aperture measurements

« Machine protection interlocks

dThe CMS IP shift of -1.5 mm was added to the
separation bump = No aperture limitation for 2017

A RF full detuning operational from the beginning

A Hard work, good collaboration from all the

different teams involved (oP, ABP, collimation, OMC, Machine
protection, RF, Bl, ABT, etc.)
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First part of the run

dSmooth machine commissioning and intensity
ramp-up:
» First Stable Beams only 25 days after first injection!

 Efficient scrubbing run brought LHC to the end of
2016 levels of heat load (new MKiI2D, vented S12,
iImproved pumping in MKI areas)

d Luminosity production with 2556 bunches with

BCMS type of beams from injectors
» But with quite some difficulties due frequent beam

dumps correlated with losses in cell 16 left of IR2
(16L2) (see talk of L. Mether)



Overcoming the difficulties...

JFast losses at 16L.2 (risetime 10-20 ms) leading to
beam dump

Monitor Losses versus Time
= a1 [re|[ ] BLMQL16L2.B1E30_MQ

0.01 " Total Losses = 1.4813 [Gray's]

Losses [Gray/s]
°
8

dQuick reaction from all experts to understand and
solve the problem

» No energy dependence: dumps at all stages of ramp and
after hours at stable beams

» But clear dependence on the beam intensity
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Overcoming the difficulties...

1 Measures to counteract the problem

a) Local bump at cell 18L2 to maintain high current in
the 16L2 correctors - reduced the steady state losses

» Smoother fills afterwards (problem still there)

b) Flushing the beam screen at 16L2, temperature
Increase at 80 K - known procedure used already In the
past

» Results not as expected—-> situation became worse




Overcoming the difficulties...

c) Change to another beam scheme (8b4e) - less
e-cloud build-up

d) Installing a solenoid at 16L2 = again to mitigate
e-cloud (preparation and installation in only about
2 weeks)
» Smooth operation since then! (only few dumps at high intensity!)
» But limited in number of bunches to ~1850

- A. Milanese et al., LMC 27/9/2017



Luminosity increase (injectors)

E _ N1N2frekaF
47"
Decrease bunch emittance: BCS 8b4e beams
(BCMS 25 ns before) (see talk of A. Lasheen)

' emittances at stable beams vs beam types B8 Horizontal

£ = B vert
3, ertical
< * — =i .

' More than 30% increase in Lumi
= (see talks of M. Hostettler & S. = o
2 Pzadopoulou)

BCMS 8bde 8bde BCS 2.5TeV

N. Karastathis, S. Papadopoulou et al., LMC 29/11/2017




Luminosity increase (injectors)

,C _ * rekaF
. ﬂﬁ €xy

Increase bunch intensity
Smooth intensity ramp-up with 8b4e beams after TS2.
Limited by 16L2 losses at ~1.25x10 p/b.

1.4~
:Q 1.3
o
—1.2 : . e
= R
g 1.1 o %o = 5 o “ 28 iy
o v s 8b4e BCS beams
C ° . .
% 1.0 Y mtensnty ramp-up
é 0.9 .
0.8- o L L - . R. Bruce, LHCC 30/11/2017
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Luminosity increase (LHC)
NlN reka

L = 4xy F

Decrease B* . decided to go to 30 cm after TS2 (use of
telescopic ATS optics) = ~8% gain in integr. Lumi

Optics was measured and corrected (beta beating similar to 40 cm),
collimators settings already tight (more adjustments), no aperture limitation
(see next talks of E. Maclean & A. Mereghetti)
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Luminosity increase (LHC)

— T =
Az, Q"‘(QQ)Z
Ox 2

Decrease Crossing angle 6= increase of the

geometrical factor F

« QOperational full year

* Luminosity gain of 3-4 %

« X-ing angle from 150 urad
down to 90 urad (120 prad
mostly due to fill length)

» Steps of -10 yrad were decided" °¢
after DA simulations and beam raH =)
|Ife tlme Observatlons (See talk 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

of D. Pelleirinii M. Hostettler et al., LMC 28/06/2017

—— Measured
~—— Constant 150 urad

-
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-
N

Fill 5872

ATLAS Luminosity

minosity [cm~2s71]
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Conseguences In performance

O High pile-up, difficult to digest 20
from the experiments -
Luminosity leveled by
separation also in ATLAS & 10 | evelling
CMS (1.5x10%* cm2 st ,~57 ~3hrs
pile-up), loss of a few percent in - O'S.J l
integr. Lumi (see talk of J. Boyd) oo |

— ATLAS
—— CMS

(1034 cm-2s1)

Timel
DA and beam life-time degradation mainly in Beaml->
regular tune trims at the beginning of stable beams and after X-

Ing angle change (see talk of D. Pellegrini)

d Transverse beam instabilities - not crucial this year (less e-
cloud, better coupling correction) (w/o 16L2 dumps taken into
account), adjusting the chromaticities, landau octupoles current

isee talk of X. Buffati



LHC operation... general remarks

d RF full detuning operational since the beginning of the year
-> required power independent of the beam current

Important for HL-LHC era (see talk of H. Timko)
» Transparent in operation after initial set-up

O Bunch flattening used to increase the bunch length at stable

beams when negative polarity of the LHCb dipole
» Not always clear when to apply the blow-up
» Differences between B1 & B2: more blow-up in B2 (hardware issue,
b eam eﬁe Ct) .H,, ”u\ ................ I . L

" o 'h.“\.-_ b P mamy ey




LHC operation... general remarks

1 Optics measurements, collimator alignments, machine

protection tests also transparent after setting-up
» But more frequent set-up is needed (after TS, beam change,
changing the optics, etc.)
» Is it possible to reduce the need for expert interventions and hand
more control to the OP crews?

Easily usable tools to monitor/measure/correct - more work
load now but saves time in the future

eg. new tools for longitudinal beam diagnostics planned for 2018

 Beam instabilities manually [ —

documented by the operators: _ _

emittance blow-up and large ADT activity | [iL. JIJIWIJIHINM = e :
> New real time coherent instability | . sed M lu me
trigger by ADT (see talks of H. Timko ]IIIIIIIIIIIIIIi ’ M‘ mu ]
& X. Buffat)-> possibility to automatic

...........

inform the experts ‘Ilmmmmn lllu “mllmu




LHC operation — new tools

4 LHC control system stable during the year - all controls,
applications evolved and matured over the years!

 Extensive use of previous years software eg, sequencer,
YASP, IQC (dBLMs included), inj. Sequencer, BQM, injection
diagnostics, BSRT, FBCT, EquipState, trim editor, etc,

O Small or bigger improvements with respect to previous years
to constantly improve LHC operation!

O New software tools developed this year or additional
functionality included in existing ones!




Beam coupling tool

O New beam coupling measurement approach using the ADT to
excite a selected bunch (measurements all along cycle, with high
octupoles current) (see talk of E. Maclean)

d New operational tool developed in collaboration with

CO
v' Simple to use! W)
*» takes a lot of time (~3min) to give R%ﬁ:\;s o [T s R
results and re-used 0.203 [+0.015] 0,293 [+0.015] Hoooog ofpo?’ -) oo 4
v Proposes corrections! saves time | e e U Ll LS00
with respect to previous manual T e
trimming
v Corrections converge 111
v’ Extensively used in 2017 operation |===" " g
> Still room for improvements (see ﬂ
talk of A. Calia) | . .




Accelerator Cockpit tool

 The coupling tool was included into the more general tool
Accelerator Cockpit—=> Tune & Croma measurements by clicking a
button

[altune | L coms | = couping | @ oiagot

=3

.l tune measuremen il options

Calculation Strategy: | AvERAGE TUNE -
Bl H Measure Bl H Target B1 H Corr.
!m 0.2754 +/- 0.0... « 0.275 | » > « 0.000 | »
ear
B1 V Measure B1 V Target B1 V Corr.
0.2933 +/- 0.0... ¢ 0203 o || < [« 0.000 ol
o B2 H Measure B2 H Target lc B2 H Corr. T
0.2753 +/- 0.0... |« 0275 » | U | |4 0.000 »
B2 V Measure B2 V Target ? B2 V Corr. "
O 0.2936 +/- 0.0... < 0.293 |» | e < 0.000 | »

0.27/0.... 0.28/0... 0.31/0... 0.0 -+ 0.001




Accelerator Cockpit tool

 The coupling tool was included into the more general tool
Accelerator Cockpit—=> Tune & Croma measurements by clicking a
button

alltune || |shl chroma || = coupling Diagnostics

|l chroma measuremen t by RF modulation [l options C h ro I I l a ‘

Calculation Strategy: | RATIO_OF FIT_AMPLITUDES -
3G Modulatio... = Modulatio... B1 H Measure B1H Target B1H Corr.

15.40 4 15.00 » _) 4 0.00 | »
!CIear B1 V Measure Bl V Target B1 V Corr. f
15.29 4 1500 [» | S | 0.00 »
|
B2 H Measure B2 H Target - B2 H Corr. T
r
o 15.76 < 15.00 » U « 0.00 » | |
m
B2 V Measure B2 V Target ? B2 V Corr.

O 14.89 4 15.00 | » e ] 0.00 »
15/15 10/10 5/5 0 +5 -5

» Very practical for routine trims in operation!
» Good approach to facilitate operation (simplifies our
lives, saves space Iin the consoles)
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Luminosity Scan Client\Server

 Valuable tool during
stable beams -2
extensively and
reliably used all year!

O Major improvements
since last year:
Crossing angle anti-
levelling in stable
beams with
synchronous functions
to orbit feedback and
tertiary collimators

Angle Steering

2

Lock Stau

us
IP1: RESERVED I1P2: RESERVED IP5: RESERVED 1P8: RESERVED ¥ RBA: Ihcop

Scan Parameters - BP; PHYSICS-6.5TeV-30cm-120s-2017_V1@120_[END] & 6499.1 GeV  (PROTON-PROTON
Nominal Emittances: H=3.5um V=3.5um Beta*: IP1=0.3m IP2=10m IP5=0.3m IP8=3m Scan limits : IP1=2.5 sig. IP2=2.5 sig. IP5=2.5 IP8=2.5 sig.

‘ 1P optimization H Emittance Scan H P steering || Automatic Scan H Collision Sewup || Levelling (OP target) H Levelling (exp. targen H Angle steering || Beta* Adjust

Task Manager | Lumi Display | Emittance scan (IP5] * | Crossing Angle Steering % | Exp. Separation Levelling IP8 » |

‘ IP Crossing Angle View
ON HOLD l—,|
[ views | | [m][=]==] | -l || Last 10 min | Last 1 h | Reset Zoom
e _ (] &[] More | ] tast10 min] Last 0] | |
il e I (1P Luminosity [Hz/ub] [02/10/17 07:48:30] i 7 g¢ g5 | Total Half Crossing Angles [urad]: [02/10/17 07:49:28] ' g% §F
16000

Half Crossing Angle Change [Eleaend | | [ Lleqend |

= i g 200 [{—HPE
DELTA crossing angle [prad] -10 | — IPS ™ — IP2

— 15
Limits [prad] 14000 ‘ — Ips
LOWER_LIMIT UPPER_LIMIT ~ MAX_STEP =0 [

IPLV 99.9 150.1 10.0 |
P2V 200.0 200.0 10.0
IP5 H 90.9 1501 10.0 L2000y 100
IP8 H -250.0 -250.0 10.0
Settings

Max. Ramp Rate [urad/s]: b 10000+
Move TCTs with orbit: L - d
[¥] Change OFB gain: 0.5 80004 u l I I I ] u I I l p u e

| to X-ing angle

change

4000
-150-
2000 00|
] -250
: : . : . . : : .
0735 0730 0735 0740 0745 0725 0730 0735 0740 0745
Time Time




Luminosity Scan Client\Server

Multi-functional, reliable and robust tool: IPs optimisation,
Emittance scan, IP steering, VdM scans, IP levelling

IP levelling used this year in all experiments due to high pile-up

v Easy to use tool

» Some issues with the
levelling parameters
(tolerance, integration time,
steps) adjusted by OP for
smoother levelling

More improvements
planned for 2018 (B*
levelling) (see talk of A.
Calia)

CERN
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Lock Status RBAC

Scan Parameters - BP: PHYSICS-6.5TeV-300m-1205-2017_VI®120_[END] @ 6499.2 GeV  (PROTON-PROTON)

* RBA: Ihcop

Nominal Emittances: H=3.5um V=3.5um Beta': IPL=0.3m IP2=10m IP5=0.3m IP8=3m Scan limits : IPL=2.5 sig. IP2=2.5 sig. IPS=2.5 sig. IP8=2.5 sig.
[ P optimization || Emittancescan || 1P steering || Automaticscan |[ comision setup || Levetting P |[ Levetiing @xp) |[ Angie Adjust || Beta® adjust |
Task Manager | Lumi Display | IP steering % | Exp. Separation Levelling IP5 x | Exp. Separation Levelling IP5 x | IP steering % | Exp. Separation Levelling IP5 *
Levelling Data
ON HOLD
R, views | [ Last 10 min | Last 1 n | Reset zoom | scrolt Lock

Levelling Setup

||rr ‘ ‘ Knobs [mm: IPS HORIZONTAL [09/11/17 10:57:40] 8 63 | Knobs [mm]: IPS VERTICAL [09/11/17 10:57:38]
- T 1 =
|E\PERINENT_LUMIN4DSIT\ ‘ ‘ 01 0.03 [ leaend ]
— BEAM2 — BEAM2
Levelling Parameters 051
Target Tolerance [%]: 2.0 3
Integration Time [s]: 15 -
Max. accumulated steps (sigmal: 3.0 0+ o]
Levelling Step [sigmal: [ override [0.01
Levelling Status -0.05
o1 | -u.ua* =T
Last Acqu e : : T : : — : . | | . | |
10:25  10:30  10:35 1040 1045 1050 16:55 10:25  10:30 1035 1040 1045 1050  10:55
h/a Time Time
T s e G (e ) Ii:r:nlrnmsl(y [Hz/ub] [09/11/17 10:57:40) & 63 | Levelling view [09/11/17 10:57:40] )
- 1900
Experiment Data 2.85
VETO from experiment: #0007 55 | 18007
Data Quality: oo 2.75 | 1700 N 1
Step Size: 0.01 27| 1600
4000 1 S
Targeu 1500 1500 !
26 T Teqend
2000 EXPERIMENT_LUMINOSITY
Start Levelling 2i55 [ L2004
Pause Resume 0= T T T T T T 2.5 | 1300 T T T y T T T T T
10:25  10:30 10:35 1040 1045 1050 10:55 10:49 10:50 10:51 10:52 10:53 10:54 10:55 10:56 10:57
Abort Levelling Time Time
Console
10:41:58 - ComtrolPanel P Steering trim: IP5 — [BEAM 1, BEAM2] in SEPARATION piane by -1.0 SIGMA -

10:42:14 - ControlPanel: |P Steering trim: IPS -~ [BEAM 1, BEAM2] in SEPARATION plane by -1.0 SIGMA
10:42:28 - ControlPanel: IF Steering trim: IP5 —- [BEAM 1, BEAM2] in SEPARATION plane by -1.0 SIGMA
10:42:41 - ControlPanel; P Steering trim: IP5 -- [BEAM 1, BEAM2] in SEPARATION plane by -1.0 SIGMA
10:43:38 - MainPanel: Task Exp. Separation Levelling IP1 created
10:43:39 - TaskListPanel: New task: Exp. Separation Levelling IP1
10:43:39 - TaskListPanel: New task: Exp. Separation Levelling IP1

110:43:36 - Newrtask: Exp. Separation Levelling IP1




Special runs

d Xenon run
> Very fast set-up and MP validation (also in the "=4¢

injectors) with standard proton cycle 1404 20‘c.’:Pb'
» One physics fill only (~ 3 pb't ATLAS/CMS, 122 e
fraction of pb! to ALICE/LHCb), one MD fill ~_| 129y gett"
> Beneficial for potential future running with other _ | ﬂ,;x!"
lon species 40} ,,;:e-*‘g"';’“ * Collided
Q High betarun at injection b, e © Notcollded
» Fast commissioning but postponed due to high J:l > = = —
experimental background J.M. Jowett et al.
O Low pile-up run
> No instability due to separation observed Integr. Lumi in 2.5 TeV run
0.35 [
5 TeV pp run o o
> Very fast set-up and MP validation 05 : '
> Very efficient 10 days run with excellent Son o ' o ATLAS
availability 2015 co " OMS
» New record pp fill length of 37 h $0.10 o ’ R T
> 172 hrs of stable beams (160 h requested by <05 =, #* '

ALICE) 000ls o8

» ~300 pb-l in ATLAS\CMS d >100 pb-! in LHCb Novi2  Nov 14 | Nov 16 | N0\}18 | Nu\}ZU
P> o sl R.Bruce LHCC 30/11/2017




2017 outlook

0 LHC exceeds every years expectations - This year especially good
considering the problems faced in the middle of the run!!

60
7% ________________ 2017 Target | | | . ’ AN
z 40} ;;//
g 30 _.";-
% i = ) —Predicted
€ 10 — = Achieved
: « ,/—’/, J. Wenninger
0 e el BV
5/15 6/14 7/14 8/13 9/12 10/12 11/11
U Records:
» Peak Luminosity: ~2.2x10% cm~=s-1 (2.05x103%* cm2s in stable
beams)
> Integr. Lumi. in 1 fill: 0.77 fb-! (fill 6364) (~0.5 fb-t/day on average
after TS2)

» Tot. Integr. Lumi:: ~50 fb! in ATLAS/CMS, 1.76 fb-* in LHCb 16.6 pb-!

iIn ALICE I



Over the years...

]

100
- = X F
95 fb1 produced in = *E Run1 }& Run 2
Run 2 for g B0E- Shute \
ATLAS/CMS (target 5 ?DE—
of 120 fb1) 3 o5
© 50
Q123 fblsincethe £ ©F NN [
start of LHC 30E- /
ED;—
10
UE““"',"'"-' | N | N A

2011 2012 2013 2014 2015 2016 2017
J. Wenninger




Summary

 Excellent year in the LHC operation thanks to the hard
work of all the teams involved (LHC + injectors)!

 All foreseen machine improvements have been put in place
(ATS, RF full detuning, etc) with expected improvements in
performance
» EXxperience from previous years is paying off

 Quick and efficient response from all people in case of
problems!

 More improvements in operational controls can be still
Implemented

JAN even more interesting year is ahead of us!
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