


Beam Losses, Lifetime and
Collimator Hierarchy

A. Mereghetti, on behalf of the LHC Collimation Team




This presentation will summarize the work carried out in 2017 by an
extraordinary team. It is a great honor to report the operational highlights
of the past year and key results for the successful operation of the LHC.
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The LHC Collimation System

« Aim: minimize loss leakage into SC magnets; o x\f
Collimators are organized in families:
* Finite absorbance: each family absorbs the leakage from the upstream ones;
« Hierarchy is a pre-requisite to assure desired levels of cleaning efficiency;
- Need for operational margins between families;

Collimator settings are a compromise between:

« Protected aperture always in the shadow of collimators (dep. on conditions at
IPs, e.g. B*, xing angle);

« Background to detectors;

- Primary collimation cut (clean only tails and not the core, leakage to IR7 DS, ...);

- All families must fit in between primary cut and protected aperture, with margins;

~45km 1.5mm 55cm 17 um

Courtesy of J. Jowett

+ Impedance; Betatron cleaning insertion CguBrteSy of
. bracco
- IR7DS: .
primary secondary absorber  ArcSC tertiary

«  Most intense leakage out of IR7 coll. Sys., A Aperture ,_L\

despite not being aperture bottleneck; IH:II[H:I Quartiary halo
*  Sustainable max losses determined by: Primary halo
« quench margin, min beam lifetime, Collision TCP-TCSG retraction | _ _ _ _ _ _ >

cleaning inefficiency (settings); ~ Secondary naro Tertiary halo
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The Art of Choosing settings:

Overview on Run | rees B B R
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« Constraints / margins in collimators settings: Protected i B3 By P
Aperture 15}

* Protected aperture: *, xing angle value (i.e. normalized BB

separation) and sign; tertiary
 MKD-TCT phase advance (TCTs not hit directly by beam during

Asynchronous Beam Dump);

» Better knowledge of IT aperture;
» Operational margins between families (avoid hierarchy violations); T0F > Y
+ Primary collimator cut (impedance), dump prot. : e O mm "-'
* Impedance; condary (]
Coll. Protected ﬁ N : :
Cut [c] Aperture [o] Q Q [
rimary - 4 a1 L
2015 (B*=80cm) 15.7 10.2 5 > ¥ I O
2016 (p*=40cm) 5.5 9.9 4.4
2017 (B*=40cm) 5 9.9 4.9

Courtesy of
2017 (p*=30cm) 9.5 4.5 R. Bruce
\ #




Aperture Measurements

Aperture carefully probed during 2017 initial
commissioning with beam, for operation at *=40cm;
...and in MD (MD2180), for operation at f*=30cm;

Date Beam cycle Beam

7t May Injection Only with pilots
Squeezed
*  with/without CMS bump of -1.5 mm

14t May Squeezed Nominal + pilots
* with/without CMS bump
» for 150 prad and 185 prad (larger crossing

angle in IP5/1P1)
Collision
(not completed because beam was dumped) | Not optimized orbit after
collision set up

17th May Collision Nominal + pilots
Including CMS bump and for 150 prad
crossing angle Optimized collision orbit

Bottleneck

Method:
beam blow-up
+ collimator

alignment

Courtesy of D. Mirarchi -1 ,/|

+> > Beam > >

-

Courtesy of N.Fuster-Martinez

Date Configuration BlH [o] BlV{s] B2H[o] B2V [o]
7/05/2017 *  without CMS bump Q3R5, Q3Ll Q2R5 Q3R1
2.8 | 124-129 | 11.7-12.2 | 13.5-14.0
14/05/2017 »  without CMS bumps Q3R5 Q3Ll Q3R1 Q3R1
12.2-12.7 | 13.0-13.3 | 13.6-14.1 12.3-12.8
14/05/2017 *  with -1.5 mm CMS Q3R5 Q3Ll Q2R5 Q3R1
bump 12.1-12.6 | 12.7-13.3 | 14.0-145 | 12.3-12.9
14/05/2017 ¢ with -1.5 mm CMS Q3R5 Q3L1 Q2R5 Q3R1
bump and 185 prad 10.9-11.4 | 12.0-12.5 | 12.9-134 11.4-11.9
crossing
2016 Q3[L5/R1] Q3Ll Q3R1 Q3R1
11.0 £z ik 11
Date Configuration B1H [o] B1V [o] B2H [o] B2V [o]
14/05/2017 |+ -1.5 mm CMS bump Q3R5 QsL1 Q2R1 (also | Not
* 150 prad crossing angle | 11.5-12.0 | 12.4-12.9 | Q2R5) measured
14.0-14.5
17/05/2017 | + -1.5 mm CMS bump Q3R5 Q3L1 Q2R5 Q3R1
* 150 prad crossing angle | 11.7-12.2 | 12.6-13.1 | 14.3-14.8 12.0-12.5
2016 Q3R5 Q3L Q3R1 Q3R1
11.0-11.3 | 9.9-10.0 11.6-12.1 10.4-10.7

No big impact from CMS bump with
the given crossing conditions!!

S03 1e alnuady

10D 1e ainuady

Larger min aperture in 2017 than in 2016 by ~1.5c,
mainly thanks to reversed sign of IR1 xing angle;


https://md-coord.web.cern.ch/app/#/md_requests/2180

Pushing the Hierarchy

Smaller cold apertures (for pushing peak lumi performance) at
constant primary coll. cut imply reducing operational margins:
. All collimator families must fit in the allotted aperture budget;

. When squeezing families too much, risk of hierarchy breakage;
Series of MDs to assess limits of hierarchy, impact on
impedance, stability of alignment and feasibility of small TCP-
TCSG retractions in operation (set up in reasonable time):

. 2015 (MD314): IR7 hierarchy broken on B1V with 1o retractions

. 2016 (MD1447): tank misalignment angle (-350urad) at

TCSG.D4L7.B1: origin of the breakage on B1V;

. 2017 (MD2191):

Confirm observations so far;

Implications on alignment procedures and time;

Angular alignment key in 2018 commissioning if we
decide to push the IR7 collimator hierarchy;
- Feasible in 2018, but not recommend as start-up

Collimator i

TCP
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Plenty of development on the control software for

G. Azzopardi, B. Salvachua Ferrando, G. Valentino
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http://cds.cern.ch/record/2120132/files/CERN-ACC-NOTE-2016-0007.pdf
https://www.overleaf.com/5907358jhmxrj#/19544154/
file://dfs.cern.ch@SSL/DavWWWRoot/dfs/Users/u/uythoven/Public/LHC_MD_Procedures/2017/MD3/MD2191_hierarchyLimit_SR.doc

Pushing Luminosity in 2017

p*=30cm after TS2: Xing angle “anti-levelling”:

- TCT BPM interlocks as “condition sine qua non’; «  Gymnastics with TCTs and TCL4s — first time ever: new

«  Carefully probing aperture (MD2180), even outside the operational challenge! Thanks to OP (M. Hostettler and K.
parameter space strictly required (e.g. up to 175urad);) Fuchsberger);

o Squeezing aperture budget taken by Co”imation; e Valldatlng collimator SettingS at extreme CrOSSing

configurations;

Courtesy of A.Gorzawski
Detailed TEST results in next slides...
July (9 & 10)
Operation related interlocks - complement dump cause!
SIS Tests @ Injection (9 July) - - :
250 | Occurance of the interlocks, total nb. 930 SIS Tests @ FT (10 July) Inj. Prot.  Inj. Prot. End of End of Physics Physics Physics
N ouT Flat Top Squeeze Squeeze | (XRP-OUT) (XRP-OUT)f (XRP-IN)
14:02 (9 July) 40cm 30cm 150prad 90prad 150prad
200
SIS:‘?EF_ TCTPH_4L8B1 B1H v v v v v ; v v
150 .
_ 4:42 (10 July) B1V o J o v v v v v
= oo SISREF_TCSP_A4L6B2
B2H v v v v v v v v
50 B2V v v v v v v v v
° +0 v — - - — - — v
o o '00,11-96.'@)@-.06.'Q“QMQQI'G p/p
\ GVA DatefTime -8p/p v — — — — - — v
A A roct ASD J —_ o —_ — — o7 v
LogBook 14:06: RQ . .
No dumps in operation, thanks to careful +/ = done pending validation

beam 1 therefore.

V' All betatron until Xing = 90 prad, each 10 urad / = done and OK

preparation of interlocks — thanks to all the L ot reaested
teams involved!! (BE-ABP, BE-OP, BE-BI, MPP) D Wirarehi fo the LHE collmasion team X' = t0 he done


https://md-coord.web.cern.ch/app/#/md_requests/2180

Beam Lifetime and L_osses

= Courtesy of B.Salvachua Ferrando

. Loss spikes and fast drops of lifetime are a concern for |- s [ v
operating the machine, and for the collimation system: EIENT—4

. They determine the max loss rates in cold magnets and define |
the intensity limit for a given cleaning inefficiency; :

. At full intensity, fast losses might exceed the collimator damage
limit;

¥ BLM Litetime ] Litetime.

BLM signals\ess noisy than BCT
and more sexsitive to losses

. Risk of spurious dumps for given BLM thresholds;
. Beam lifetime is used as in indicator of machine
performance:
. Monitor beam quality along the cycle;

. Optimize working point (e.g. tune, chroma, octupoles) along O P

g 1 et et I 5
operational cycle and in MDs (“is the beam happy with the last T
trim?”);

[l Frergy el FROT

SUUY
-1 5

Focus mainly on 2017,
squeeze and adjust.
Preliminary analysis by
B. Salvachua Ferrando

Use dedicated server (cs-ccr-colsa3):
Actual calculations (previously done by GUI):
Java concentrator: Ihc-concentration-blm-lifetime;

= More TABs to be added... ...

1
Additional TAB with losses in kW units.
example: Longitudinal blow-up

LI Collimmilon . Logging to MDB/LDB + possible to subscribe to signals via JAPC;

New virtual FESA class — device name: LHC.BLM.LIFETIME;




Total Stored Energy

Courtesy of B. Salvachua Ferrando ADJUST-NoDump
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Transmission

(courtesy of S. Redaelli and B. Salvachua Ferrando)
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® Blavg:99.7 . * E  gos | Beall, ¥ ' _—
ool 22 | behavior wrt B*=40cm £ 7 B pemd. .
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Minimum Lifetime (h)

Minimum Lifetime (h)

Lifetime
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Courtesy of B. Salvachua Ferrando

Minimum Beam Lifetime (h)

Minimum Beam Lifetime (h)
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Good lifetime throughout the year,
as in 2016, despite some outliers!
- B1 suffers more than B2;




Overall Losses

1 o 2015 (Exp.)
| Drops in beam lifetime are reflected in losses in IR7: ”
*  Presently, no concern for LHC operation, though increasing level of integrated 5
losses in the last years; o 10°
*  Visible asymmetry between the two beams (reflecting asymmetry on beam lifetime); é :
»  Possible concerns for HL-LHC, e.g. on warm quads (removal of MQWA.E5|[L,R]7 + o B2 —w
shielding); 0! Bl ==H
60 80 100 120 140 160 180 200 220
2 . . Dist. to IP7 (m)
. Losses induced also by Lumi:
. . . High energy hadrons [cm"noom"l (-10cm < Y < 10cm) - TCL6 25mm - RPs IN
- IR1/IR5 RRs: presently dominating the R2E dumps, with 10-15 4 ; T AT ] x
events (XRPs and TCL closed) per 50 fb; \ % £
- Strong contribution from XRPs, and also TCLs; . — g §
+ R2E failures expected to drop to <1/system/HL-LHC year after LS2, ||_ %
thanks to deployment of radiation tolerant electronics; - :
2017 RadMON levels B g
T el |,

= Intint
= IntLum

Material freely collected from
R.Garcia Alia & R2E project
(LMC, 6™ Dec 2017)

- Ask the expert!

-
8
3

RadMON Counts
IntIn;. (ps)
s
IntLum (fb)
N
3
w

]

230 240 250 260
Distance from IP [m]

g

-]

Debris losses also seen deep in the arcs

- Further analyses ongoing, to assess

LHC Collination L T possible issues to electronics;

8

°


https://indico.cern.ch/event/686456/

Hardware Changes During EYETS2016
and 2017 Comm|SS|on|ng

- Many changes, with important hardware for
HL LHC tests:

TCSPM: validation of design of new secondary low-
impedance collimators for HL-LHC;

Tungsten collimators with in-jaw wire for
compensating effects of long range beam-beam
(TCTPH.4R5.B2 and TCL.4L5.B2);

Crystals on B2;

- Commissioning
400 [_IReconfiguration

ul

2010 2011 2012 2015 2016 [ 2017

o
o

TCP.C6L7.B1 (H) with embedded BPMs;
> W|th no effects on availability! 80 ”
. Comm|55|on|ng L 0

Extensive hardware commissioning (thanks to EN-
STI), including 5™ axis;

Software improvements mostly GUI-related (e.g.
LHCCollAlign FESA class stops alignment after 2
points exceeding threshold, parallel alignment per

D
o

Number of aligned collimators
[42)
o

- - n N w w
0
o

a
o
o
o

o
o

Total Beam Time [hours]
5
o

plane, ...); %0 Year
new collimators: imported in LSA DB, commissioned, 20}
aligned; Light weight of re-
BPMI collimator codmmissioRing (including scans for 10 . configurations thanks to
non-linearity & updates with BE-BI);

y p )’ . 0 2010 2011 2012 2015 2016 2017 embEdded BPMS'

- Alignment still excellent, but improvements
saturating!

"

Year

Courtesy of
G.Azzopardi
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Cleaning inefficiency

Cleaning inefficiency

10*?

10*

2017 Performance and Faults/Dumps

2N oS B ' T TeV-desion cleaning inefficiency
P s N | : b Constant improvement
ﬁ/\ﬁrwt:%vm ‘\./H”H o B2H throughout Run 11, thanks to
A s \\,« : :; ~ 5 tightening collimator settings
N e L | and pushing hierarchy!!
: : sy ——— -
E< oF o Pl it Pbep >
. 2015 =E< 2016 >E< 2017 z
8 dumps this year (PM DB data browser) —
breakdown:
Courtesy of D.Mirarchi * 7 hardware faults (e.g. temperature sensors,
: jaw stuck, ...) = all minor and isolated!
TEl « 1 (suspected) UFO event;
e i P e +5 operational mistakes during tests (e.g.
- S \/§><57<‘\ S ——— commissioning, MDs, ...);
e : e ’ +8 OP mistakes (e.g. forgot to mask collimator
P g 2 S > movements, ...);
| Monitoring of IR7 performance throughout the cycle during commissioning )
. . . . In summary:
R A R ¢ 4 atinjection (including prep. ramp);

3 during ramp;
* 1in adjust (EoF MD);
- None during physics!




Conclusions

. Aperture & Hierarchy:

. Annual measurements during commissioning are fundamental to keep understanding alive
and push performance;
. Most relevant “knobs” for gaining aperture:

Playing with crossing conditions with time during fill;

Push the IR7 hierarchy to 1c-retraction (IR7 TCP-TCSG), to reduce impact of collimator aperture budget
- feasible, though not recommended as start-up configuration;

TCT-TCDQ retraction, provided that TCT-MKD phase advance stays below 30degs;

. Losses:
. Increased level of losses wrt 2016 - visible in both lifetime and integrated IR7 losses over
the year, especially on B1;
. Currently not an issue for LHC operation (dose to IR7 warm elements, dose to equipment in

the arcs, SEUs in RRs, ...), but for HL-LHC - mitigation actions mainly taking place in LS2;

LW ColMinailon




Conclusions (Il

. Performance of collimation system in 2017:

. Smooth commissioning with beam;
. Improved cleaning wrt past years, thanks to tighter IR7 collimator settings;
. Flexibility in accommodating new conditions at collision IPs:

Commissioning of new configuration;
Running conditions;

LW ColMinailon




Thanks a lot!
...any questions?




Aperture Measurements — R&D

Dedicated MD (MD2180) to probe IT aperture at f*=30cm Dedicated MD (MD2396) to test new method of measuring
and 175 urad aperture via AC-dipole;
' SEFEETD 2 (] at 30 am B* 2 [o] at40cm B° Asset: combine optics and preliminary aperture
2017 Measurements 2017 Expectations 2017 Measurements measurements’ gaining Commissioning time1

B1H 9.5-10 Cled 12.2-12.7 O
D1/Q3 R5 and D1/Q3 L1 *** Q2L5 Q3R5 8
12 AC method ADT method =
B1V 9.9-10.4 9.2 13.0-13.3 PR Trm T =
D1/Q3 11 p1/Q3 11 QsL1 12/l o buminvaLs o
B2H 11.8-12.3 9.2 13.6-14.1 e LY s po| le <
Q2R5 Q2R5 Q3R1 o8 . _ o« . o,
B2V 9.7-10.1 9.2 12.3-12.8 5 ‘ i g o8 " ! y =z
D1/Q3 R1 D1/Q3 R1 Q3R1 06l[es omnons|  * ' & . T
-i @ -e BLM in 06L7 . . ' = 06 ; c
. I:Courtel\:jly of = o eyt < 0 126], &
.Fuster-Martinez R T
uste a e 0.2 i 1207 02 R 128\.7%‘_ QZ_)
«  Good agreement with expectations but for B2H; R wow s o w T w w2
« Aperture at f*=30cm smaller than that at $*=40cm by 2c; Q

« Example: aperture scan at injection;

* Smallest measured aperture at 9.5¢ - good for TCT X _
- Measurements in very good agreement with each other;

settings at 7.5¢ (protected aperture at 8.5c);

Callinstlon
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https://md-coord.web.cern.ch/app/#/md_requests/2396
https://md-coord.web.cern.ch/app/#/md_requests/2180

Stability of alignment (centres) is essential for
reliably operating the system throughout the year

Pushing the Hierarchy — R&D

On-going development on the control software:
G. Azzopardi, B. Salvachua Ferrando, G. Valentino

Y P Differencain centersat Fisttop Automatic angular alignment: Lo, TCTPH.4R2.82 Angular alignment results
oo Centre shifts between MD | 2o - Three different algorithms under test; g | . L metned 5 et aw
- . g . . . 2017 NoO.8 —a— method 3: right jaw
I and initial commissioning Method 1 Method 2 Method 3 : - metnoa 2 (410)
04l || £ —— BPM align (-490)
H Remarkable stability of Zomy oo || i Downesan || teftolan  Righaign 206 P
£ 03} H — O i gt £ il
£ °3|\‘| alignment over months! oh® v ®) 2 =i Foa g
g o2 ‘l - Ok for 1 alignment per year 1 \\ ' E //;//
2 : I ¥ - i @02 /‘ e
ol | @l S : A
/A Boam axis i S //'_ _m
- f}@_ ﬂ \ « \ \\\ / 0.0 e T
0.0 \“CFL"\ X \,}(\\ 1\ \! /’\Jf \/. \V/—\ G0 =600 -400 Tzi:)toang?e [ur:%o] 400 600 800
o |V 2 /
-0.1 L’l ‘g / v . .- . R H
| BLM spike recognition with methods based on machine-learning

(MD2720 during MD4);
» Essential to properly identify spikes from jaws touching the beam;

n  BLM spike pattern recognition (12:00 — 18:00)

1 Machine learning was quite accurate 41/43
tests correct.

TCP.B6R7.B!

..but for 1o retraction centres are not the entire
story, and angular alignment plays a role!

||the challenge between humans and machines continues...

LW ColMinailon

e
I\

CERN

\_/


https://md-coord.web.cern.ch/app/#/md_requests/2720

2017 Collimator Settings

TCP/TCSG/TCLA 5.7/6.7/10 5/6.5/10
IR3 TCP/TCSG/TCLA 8/9.3/12 15/18/20
IR6 TCDQ/TCSP 8/7.5 7.4/7.4
IR1/5 TCT/TCL4/TCL5/TCL6 13/-/-/- 15/-/-I-  9/-/-I- 8.5/-/-1- 8.5/15/15/-  8.5/15/35/20
IR2 TCT 13 37
IR8 TCT 13 15

LHC ColMinailon
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Pushing the Hierarchy — BPM Interlocks

. Interlock the beam position as read by TCT BPMs; R (o]

. - . . IR1/IR5 1
. Based on good orbit reproducibility (analysis by G.Valentino);
. . IR2 4
. Announced in Evian 2016... s e
1] ] . ” . _ . 5
. ...“Conditio sine qua non” for running at 3*=30cm after TS2; R6 15
From first proposal... ...to thorough tests and final implementation! ...thanks to the good orbit reproducibility!
stablebeams - Both Up and Down BPMs - IP1 and 5 Detailed TEST results in next slides... TCTPH.4R
b July (9 & 10) 0z —— e —FEE—E—=
100 Operation related interlocks - complement dump cause! = o EEEE SEE = 23;
SIS Tests @ Injection (9 July) 0.1 =9 =i o ae
250 | Occurance of the interlocks, total nb. 930 SIS Tests @ FT (10 July) » - e o — e
é "’ 200 :197;:5!-'(97:’;1{};)#! 41881 - § Woom oo oo
S - - E — a2 5952 6012 — 6161
5 6 ‘ £ = = = e
. 1o 4:42 (10 July) 8 -oal o o oms — ews
= = SISREF_TCSP_A4L6B2 3 e e — o — e
2w 100 M Coges s g
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Thanks to all the teams involved!!
(BE-ABP, BE-OP, BE-BI, MPP)

LogBook 14:06: RCBH16.R8B1 tripped with feedback off. Lost
beam 1 therefore. We will refill directly and re-attempt.

Courtesy of A.Gorzawski







