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Outline

Performance follow-up

Emittance evolution over the 2018 Run

« BSRT emittances at Flat Bottom, Ramp and Stable Beams

e emittance blow-up along cycle

e convoluted emittance from Emit. Scans, BSRT and Luminosity

HL-LHC expectations
e assumptions based on LHC observations
e standard and BCMS beams
-at Flat Bottom
-at Stable Beams
nominal and ultimate scenario

-estimations based on the observed extra (on top of the model)
transverse emittance growth
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Performance follow-up

Automated tool for performance follow-up (emittance, lifetime, luminosity, ...)
based on extracted data from the logging system (CALS) and modeling

extracted data

 Intensity data from fBCT

« Emittance data from BSRT

* Bunch length data from BQM

e Luminosities from ATLAS and CMS (Massi files are used)

modeling

« Use of a bunch-by-bunch model which is based on the three main mechanisms of
luminosity degradation in the LHC: intrabeam scattering (IBS) including coupling,
synchrotron radiation (SR) and luminosity burn-of

« luminosity leveling with p* and x-ing angle anti-leveling options

Selection of follow-up fills: Only fills that made it to stable beams
-filtering bad BSRT bunch emittances

Luminosity follow-up page:
https://Inc-lumimod.web.cern.ch/lhc-lumimod/summaryPlots.html
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Emittance evolution over Run
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Emittance evolution over run
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Emittance growth at Flat Bottom

s 2018
ot emeny oo [

Measun_----

‘ #* (After applying some filters to
.#4. . exclude bad BSRT emittances)
E' 67|00 6800 69|00 70|00 71|00 72|00
3 Fill Number -It seems that the extra blow-up
£ has no brightness dependence
= easure
E 2 model ‘
=
R RS w*e Aoy {4
E 67|0(} 68|00 69|00 ?OIO(} 71I(}0 ?2|00
EE 2 4 Me;s;t:red
E
3 Wamb W %%
. L
E 0 - ‘# £ o eom L 2017 BCMS
3 6700 6800 6900 7000 7100 7200 Emit. growth at Flat Bottom [um/h]

Fill Number

B1H BlV B2H B2V
E{W Measured 0.7 05 0.8 0.3
P, Model 0.3 10® 0.3 10

=T
T —
&
o
=
m
(]
— —
fﬁ




E
=2
=
ml
=
[
@

€ [pm]
=N

B1V
=

HiLumi Y w
L» b Model 03 10° 03 103

: ,.-w"f’ﬁ-r' ol

N w'o»hw.hhﬁ\-mhwmmuﬂmmmma

Emittance growth at Flat Bottom

Measured and model emittance at INJ and at end of FB
Fill 6724

:ﬁg#f@ed o (After applying some filters to
exclude bad BSRT emittances)

fﬁ mﬂﬁ*ﬂ’#ﬂgﬁfeﬂ#a%ﬁggaﬂ -It seems that the extra blow-up
ﬂ/"ﬁ#ﬂ’ has no brightness dependence

«  measured @ FB end
model @ F

3 -s 4

=ri ’rf . ]ﬂi h# f::,,a ,fra " [h" ,‘ta ;1: i j /r Sy

S 2017 BCMS
“bunch siot Emit. growth at Flat Bottom [um/h]

B1H B1lV B2H B2V
Measured 0.7 05 08 0.3




Emittance growth at Flat Bottom

Measured-model emittance difference at end of FB, over time at FB
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-It seems that the extra blow-up
has no brightness dependence

-This extra blow-up is e-cloud
driven. Averaging over all the
2018 Fills, the extra growth on
top of IBS and e-cloud, is
<0.05 um/h and <0.20 um/h in

the horizontal and vertical plane,
respectively (preliminary)
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Emittance evolutlon over run
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Emittance evolutlon over run
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Emittance evolution over run

Convoluted Emittance at start of SB
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Emittance evolution over run

Convoluted Emittance at start of SB
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Emittance growth at Stable Beams

After 2.0h at Stable Beams
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HL-LHC expectations
assumptions

-Taking into account emittances that can be trusted
-Considering the same time duration for the Ramp as for the LHC
-Assuming no brightness dependence for the observed extra growth

-Assuming the same extra transverse emittance growth for the
standard and the BCMS case
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HL-LHC expectations for standard beams
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HL-LHC expectations for standard beams
at Flat Bottom
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HL-LHC expectations for standard beams
at Flat Bottom
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HL-LHC expectations for BCMS beams
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HL-LHC expectations for BCMS beams
at Flat Bottom
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HL-LHC expectations for BCMS beams
at Flat Bottom
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0 2 4 6 8 10
0 2 4 6 8 10
— Average
- = Average
0 2 4 6 8 10

Int. Lumi [pb~1]

&n [um]

B [m]

3.2 -
3.0 1
2.8 1
2.6 1
2.4 1
2.2 1
2.0 1
1.8 1
1.6

—_— Average
- = Average

-2.8%

Time [h]

8 10

Bunch Length [ns]

Pileup [events]

Int. Lumi per 24h [pb™]

1.15

1.10

1.05

1.00

90 4
80 1

3000 {
2500 1
2000 +
1500
1000

500 +

-1.7%

fapﬁli,u=8_55h
| Turnaround=2.5h

| toprn=8.07h (with extra) |
Turnaround=2.5h

2 4 6 8 10
Time [h]

Stefania Papadopoulou




=

—.
ﬂ'
=
=
(=)
[
‘m
(o]
=

H

,_
'
—

2.2 1
2.0
1.8 -
1.6 1
1.4 1
1.2 1
1.0 -
0.8 1

Intensity [101! ppb]

240

Crossing Angle [urad]
MJ
Ln
o

Luminosity [10°% Hz/m?]
[%)]

- Average

M

B* [m]

Int. Lumi [pb™1]

€n [um]

3.2 1
3.0 1
2.81
2.6
2.4+
2.2 1
2.0
1.8

1.6

0.40 4

0.35 1

0.30 1

0.25 1

0.20 1

0.15 |

1750 1
1500 1
1250 4
1000 1
750 1
500 1
2501

o

o

—_ Average

Int. Lumi per 24h [pb™1]

o

2 4 6
Time [h]

115

1.10

Bunch Length [ns]
e o
Ln (=]

200 {
180 -
160 1

Pileup [events]

h
o

iy
o
(=]
(=]

HL-LHC expectations for BCMS beams
at Stable Beams, ultimate scenario

[ e
m o N B
o o o o

4 5] 8 10

3500
3000 1
2500 1
2000 1
1500 4
1000 4
300 4

toptrin=5.28h
| Turnaround=2.5h

| topn=5.10h (with extra) |
| Turnaround=25h |

4 6 8 10
Time [h]

Stefania Papadopoulou




Intensity [101! ppb]

Crossing Angle [urad]

2.2 1
2.0 1
1.8 1
1.6 1
1.4 1
1.2 1
1.0 4
0.8 1

o]
wun
L=

FJ
=
un

~
£
N
I
[=2]
=
—~ 5
>,
it
0
o
=
£
S
3

HL-LHC expectations for BCMS beams
at Stable Beams, ultimate scenario

dashed lines= +0.05 [um/h] extra transverse emittance blow-up (on top of model)
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Summary

Emittance evolution over 2018 run
 The emittance blow-up at Flat Bottom is around 13.5%

* The extra emittance growth (on top of the model) at Flat Bottom,
which comes mainly from e-cloud, is 0.4um/h and 0.65um/h in the
horizontal and vertical plane, respectively

« Estimation of the emittances at start of Stable Beams based on the
mean emittances of the Fills for which the Emit. Scans, the BSRT
and the Luminosity emittances agree

* The extra emittance growth (on top of the model) at Stable Beams is
~0.05um/h for Fills where the BSRT can be trusted (similar to 2017)

HL-LHC expectations

« Estimations based on LHC 2018 Run, taking into account the
observed extra transverse emittance growth at Flat Bottom and the
emittance blow-up during Ramp

* For the nominal and the ultimate scenario, the extra transverse
emittance growth at Stable Beams results in a 2% lower maximum
Integrated luminosity per day

« Assuming the same extra transverse emittance growth at Stable
Beams, the maximum integrated luminosity per day is around 1-2%
larger for the standard compared to the BCMS case




Thank youl!
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Maximum integrated luminosity per day

Maximum integrated luminosity per day

nominal scenario Standard BCMS
model [pb] 3316.06 3287.05
model+extra [pb] 3270.05 3231.83
model/(model+extra) 1.014 1.017

Maximum integrated luminosity per day

ultimate scenario Standard BCMS
model [pb] 4172.70 4116.75
model+extra [pb] 4105.16 4036.30
model/(model+extra) 1.017 1.020

Standard-BCMS dif.
—»0.9%

—»1.2%

Standard-BCMS dif.
—»1.4%

—»1.7%




Luminosity model description

bunch-by-bunch model based on the three main mechanisms of luminosity
egradation in the LHC: intrabeam scattering (IBS), synchrotron radiation (SR) and
__uminosity burn-of

'Emittance evolution N

-lntrab__e__@m__§9_¢_1__t_t__e_r_!n_g___(_I_B_S___)_____S_yn_q_h_tﬁ?_tr_c_?_n_B_a_d_l_@t_!_c_?_n__(§B_)_____e_|_@§_t_l_9_§.9@t
= s s (5)
dt dt /IBS+ SR dt /elastic
de, de, do.
( —, ) =f(En,N ( ) x(to)sgy(to):as(to):dt)
dt ~dt  dt ps.se .
de, ~orusing data
( t )efm = NipBiy Lo (62,) /(nyN,) ~ evolution
 Bunch intensity evolution d_Nz(d_N) 77777777777
-Luminosity burn-off dt Cdt gy
« Bunch length evolution rdos_(das) ”””””””
-IBS and SR dtCdt s /

« Combination of the transverse emittance, bunch length and bunch intensity estimation
(or observations) in a self consistent way to compute the luminosity at each time step

« B* luminosity leveling, x-ing angle anti-leveling options
| F. Antoniou et al., TUPTY020, proc. of IPAC’ 15
“HILuM ), C\E{W F. Antoniou et al., “Can we predict luminosity?”, proc. of Evian 2016

LA



Emittance growth at Stable Beams

After 2.0h at Stable Beams

6900

T > | | | W | T > | | | W | |

== m m m | m N o m m m | m m

! e * e | ® ! : : o * m e T

| Loe e | | | . W ‘. |

AR A . | A B L

! o Tee T % m S m m MR m
e A B o § S A P S

i m m m " m ~ i | m | W m

o | | | | | | | | | | | |

., | | m m m | | TR P ...u J m

. * o m m m m m m o, 100 %" %, m

U .n P | | o | | .._.....m ..ﬂ. . |

! ! e | . ! ! o ! ! A o?® !
S iy I S B e Ranuas S e E i

m AT SRR B | S | LR S |

m m e . m m m m L I R S m

m m m m | m m m m ‘o N m

| | | .“ } ~l | H | | | | ~ | |

e e | % S eee e m m m .:m....., . |

1 . 1] 1] i 1 1 1 1 1 1 . i 1

m 0 e, 3. m m m LW !

: : [o, e eg ! ! : : ! o O !

| | . I ® | | ! . ! ﬂ N |

| | | % | Lo | o | 1 1 | . | |
S N Ll el e ee S| L ie ee &

m m m m m | 2 | m m m m m

| | | o o0 | | | | | W |

m m et 0% m m m te & m

m m L8 %e, m | el e, &, 0 m

m m m o . m m m Ly . . m

m m m B R m S m m | /— — s m
O O R A 2 N B

! ! | | I | w ! ! ! ! i !

w w w ° o _ w m m m Lo e m

i i m o o° i i o * i % e i

| | | | W | o | | | | W |
S S | S S VAR ISR S, Lo Y S ISR VAR IS S

m m m m m m 5] m m m m m ! m

i i i i | i w 1 1 1 1 | i 1

! ! . e® "‘000 ” ! ! o % o ! e %o, !

m m s o e e m m m oo m m o o

m m le, @ ! m m m ee | m e e m

1 H H [ ] 1 | H H 1 1 i 1 1

| | RS | | | e b e |

| | A | | | I et m

| | Pres® 000 | | ) | [ e% 4 | g e |
S A [ o _a® m I [ P [ a® + N

m m e 2N m m © m m m m m « ¥

1 1 L | | H H 1 1 | . 1

| | Lt | | e | | e,

m m -? m m . m m m m 2 m

| | .I" 1 H H | . | | | | hd !1 |

! ! LA N ! ! | | | | o |® ] |

! ! . *gn e ! ! ° | Ld e | ¢ | g e |

T o L o g o Tg] (=] n N o [Tal Q [Tg] o Ty (=]

™ ™ - — S S < — — N ~ — — < S o —

o o o o o o n_u n_u n_u 2 o o Q Q o o o

| |

[y/wrl] 3p/3p

[y/wrl] 3p/3p

7100 7200

7000

6800

6700

—0.15

Fill Number

S
o
=
o
Q
O
°
©
Q
@©
o
8
c
©
o
O
2
n




Extra emittance growth - brightness at Flat Bottom
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Extra emittance growth - brightness at Stable Beams
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