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BRAN: Beam RAte of Neutrals

Machine Luminosity
Monitors

= Beam collisions —»
Neutral forward particles
— Shower of charged
particles in TAN (Neutral
beam absorbers)

= Backup for luminosity
measurement from

experiments

] Revised requirements (OP)
- Sanlty check of O  Bunch-by-bunch luminosity not needed
|uminosity measurement O  Absolute accuracy: not important
- (proportional measurement + empirical
from experiments scaling factor sufficient)
: ; o a Precision (short-term): ~2%
* Findin g co llisions Q Precision (fill-to-fill): +£10%
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BRAN prototype for HL-LHC

Principle
Configuration (2016)

6 quartz rods

Installation into TAN

Stainless \ (Spectrosil, Suprasil)
steel tube : 1 Empty tube (air)
I with reflective Al-foil
- | on inside
| Photomultiplier | 1 Blacked PMT
(PMT) : (reference)
~ Air gap I
|
|
|
|
|
|
— Quartz rod I
|
|
Cherenkov .
light :
_ I ATLAS
Charged particle 1 ——
——————— |
|
|
1
/
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PMT charge
Integral around
single bunch pair
(total luminosity
not monitored)

= Every 30 minutes,
save:

= Accumulated
charge histogram

= 1 oscilloscope
trace
= Analysis: compare
to ATLAS
luminosity

i , (CERN%%
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Prototype: data acquisition
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Luminosity during beam scans

Mean voltage, BRAN
I I

= Here: Acquisition via
Picoscope (no
dedicated frontend
hardware/electronics)

= Good qualitative 1sool T O SO OSSOSO SUUSURRRS
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Prototype performance: degradation

= 2016: Rapld jole-1l --..?9;16. 5flb1
drop in signal S

yleld fIrSt feW 10r _a {Spectrosil) """"""""" """"""""" """""" IFactor 51053
fb_l 05H —m— Air (x100) __________________ ____________ I/ _________________ |
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Comparison: Spectrosil rods and
Air-coupled PMT
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Prototype performance: degradation

= 2017:
Installation
of new
guartz rod to
study initial
degradation "

= 2016 result R
(~factor 2.5 ? SR .
. -m - 2016: (Spectrosil)/Air | : I
|OSS fIrSt —a— 2017: New rod/Old rodé :
5 fb-1) o
reproduced fre

- |LU i , CERN
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Long term

Spt!actrosil 20(::? (#1)

= No 2016 [2017]
S|gn|f|Cant O U SO OO UP SRR SUPO T RPN SPUTUUEPURURURURUNY SOOt
quartz
deterioration
observed
during 2017 P T NV R E— S— N
(<15%)

I I I L I I I
10 20 30 40 50 60 70

fc [fo ']

O  Filter: >1600 bunches &
Lmean=3.4-3.6 Hz/ub/bunch

O Color« Ly
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HL-LHC FLUKA simulations

= Energy
deposition
& particles
fluence
distribution
simulated
In new TAN

= Note: TAN
slot
reduced to
5 cm!

[Courtesty: A. Tsinganis, F. Cerutti]
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Geometrical limitations

= TAN slot Charged particle fluence distribution at peak
IP1
reduced tO 5 Cm » . I : ‘ : —_— I0 urad (nominal)
c 70} Ex: 3 quartz |- U ]
— NOt a” @ . X . ' |--- 50urad
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Effect of X-ing angle

IP1: Limited impact of

. . . Rod si |
change in vertical X-ing 180 e
. 160|-| —— Rod 1 |« : : : B
angle (different part of ol — Rroaz| 4 T
quartz hit) pol|— Rod3| 4T
100H Sum I E r-_-.)._
! |

IP1 (Ho

i
i . : -
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Effect of X-ing angle

IP1: Limited impact of
change in vertical X-ing 180 .

Rod signal

angle (different part of ol — Reaz| b
quartz hit). pol|— Rod3| 4T

= |P5: Change in X-ing angle , 100f[ T Sum o :|F’1(HOI’)
will increase/decrease e ]
signal on all rods. Similar ol — = R e S
effect as change in 20 T
luminosity. %60 —150 100 =50 0 50 100 150 200

Half crossing angle [urad]

=  Max rod signal not
achieved at nominal
crossing angle

Rod signal
80— —ocSgnd

160} Rod 1
140+
120+
100+

1 1 1 1 L 1 1 1
50 100 150 200 250 300 350 400 450 500
Half crossing angle [urad]
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IP1: Limited impact of
change in vertical X-ing
angle (different part of
guartz hit)

IP5: Change in X-ing angle
will increase/decrease
signal on all rods. Similar
effect as change in
luminosity.

Max rod signal not

achieved at nominal
crossing angle

In theory: deduce X-ing
angle from rod signals
(e.g. slope of linear fit to
signal from three rods).

In reality: difficult in range
100-300 prad when
taking rod uncertainty
into account

Not a show stopper (X-
ing angle fixed during
beam scans), but
operators need to be
aware of limitations

CERN
\

Effect of X-ing angle
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PMT radiation damage?

Integrated Neutrons Dose [Gy]
luminosity [n/cm?] st

1 fbt 1.7 x 1013 8.8 x 103

1 year (250 fb1) 43 x10%° 2.2 x 10°
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[Courtesty: A. Tsinganis, F. Cerultti]
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PMT radiation damage?

Integrated Neutrons Dose [Gy]
luminosity [n/cm?]
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WAVELENGTH (nm)
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UV glass window will
suffer significant
transmission loss in 1 year



PMT radiation damage?

Integrated Neutrons Dose [GY]
luminosity [n/cm?]

1 fb? 1.7 x 1013 8.8 x 103
1 year (250 fb1) 4.3 x 10%° 2.2 x 108
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Quartz rod vs. air

Stainless  se=s=zzazs==== -
steel tube ‘ o1 1Y Quartz rod drawbacks
0. = cos™ ~— cl -
() ny | = Transit time spread &

| Photomultiplier n, sin @, = n, sin @,

|
(PMT) o ' light loss fr_om large
—+ Air S sing;~1 | number of internal
oL gap | ;
| P : _ | - reflections
i n, =1 @ | ,
| [ ! = Degradation
1 | _
i : = Current setup: Light
— Quartz rod : | loss at top or rod
' ) (critical angle) — Only a
Cherenkov S -,/ small fraction of
" liaht Cherenkov light will
g
reach PMT
-~ B _Cnaiggd_pgrti_cle
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Quartz vs. air

Quartz Air Cons

|| Stainless PE—— - || Stainless = Lower photon
steel tube ’ \ steel tube ield
i 1 1Y yie
LY 6. = cos™! ~— +
= | Photomultiplier : pni () my I | Photomultiplier Pros
in @, = n, si PMT .
— (:i'rvlgT;p i zsfn 1 nlz RGN (PVD = No degradation
- - sin =~ 1
N PR b 1"’2 | : of Cherenkov
‘ | guZam a2 | medium
| .
| | Alr = Reduced transit
— Quartz rod I | time spread
\
|/ = Cherenkov cone
Cherenkov @~  “Te==mmmmm———— - o
[ light Charged particle ~1% = More
_ 1=l = == == === efficient light
<« 4 D\ [ Charged particle Metallic mirror collection on
PMT
— = Easy to increase
Cherenkov

radiation volume
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Feasibility: air-based Cherenkov monitor

Cherenkov radiation yield, electrons

uartz air
9 . . 0.8 . ‘

— 24.4 MeV ||

: ‘ — 87.1 MeV
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=  Around 3 orders of T | —
magnitude less m o
light in air PMT Quantum Efficiency
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Signal yield vs. energy

PMT counts

Plateau 10°
reached fairly f
CIU|Ck|y with ; | | | | 5
increasing 104? _________________ ‘ __________________ ___________________ ___________________ ............ —~ E
energy | | |

Counts/cm/nm

= FLUKA: score ; , , ; ; ;
a” Charged _ _________________ _________________ _________________ ___________________ ___________________ _________
particles above | o Neop I s
5% and 90% ? ? ?
B-thresholds to
estimate signal
yield in TAN
volume

Hitum Y (& e
HL-LHC PROJECT 7th HL-LHC Collaboration Meeting



Quartz: almost all particles
above 90% g-threshold

Air: Only 1/3 of charged
particles above 90% (-
threshold

Air: ~104 fewer
photoelectrons (p.e) per
collision.

Still: about 200 p.e per
nominal bunchg 2E11)
collision per cm? detector
volume (pessimistic: only
particles >90% threshold
Included)

= Ex: Finding collisions@IP5
(1 bunch pair, 1E11
protons), 25 cm3
Cherenkov volume, 0.1%
of head-on luminosity —
3,800 p.els

— Rod with mirror will be
installed during YETS

[cm~?]

[em™]

Signal yield vs. energy

Cherenkov radiation yield along TAN copper bars [IP1]

Charged particles/cm” above threshold

10° ¢
i — quartz, 5% |1
— quartz, 90% | |
— air, 5% ]

I . . : air, 90%
1035_ ________________ B Y _______ . 9

o0 SEE— R a—

2l R T e S ]

10!

0 20 40 60 80 100

107 PMT counts/cm3 (90% threshold) [Pileup=138]

108 |

10° |-

1040 ) TS AN ] — Qquartz, 90% |-
wlh o) I T o — air, 90% ]
10% |

10' |

10°% | i . |

TAN bar position (z) [cm]
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Summary & Outlook

BRAN prototype follows a Air-based

luminosity well (~10% Cherenkov monitor
fill-to-fill variations) is feasible —

* Rapid quartz signal loss Installation next
first 5 fb! YETS

= After that, slow
photoelectron yield loss
(~15% during 2017)

= PMT window needs to
be replaced for HL-LHC

HiLumi ’ (ﬁERNig
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= Thank you for your attention!

= Many thanks to:
= Sune Jakobsen
= Enrico Bravin
= Federico Roncarolo
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Bunch-by-bunch luminosity

[Picoscope acquisition: bunch train]

ATLAS Bunch luminosity BRAN prototype: integral
(first 8 colliding) per BCID Ratio

9000 0.009

- : : ! ! ! 040000012 |- e
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2000 _ e . _ 0.002 _ ............. ............. ............. ..... ._ .
MODO0002 f--i-coe e
' ® = PMT Integral/Bunch Lumi‘
10000000 L= I I I I i
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[Fill 6272]

1000 _ e et 0,001 F . = PMT Integral’

oL i i i == .l 0000l }
62 64 66 68 70 72 62 64 66 68
BCID BCID

« Signal does not decay within 75 ns
» Likely causes: Cable impedance, light path spread in quartz
* Bunch-by-bunch measurement would need correction




Total luminosity

Picoscope installed

to monitor total 16— —Mean voltage, BRAN .
|UmInOSIty at hlgher 14_ ..................... ...................... .......... : ;LLIL::;nap i
rate (~1 Hz) "' - | |

= Measure
(f U)Full turn and

<f U)/_lbortgap (fOI’
baseline
subtraction)

= Signal level in abort
gap region also
follows total
luminosity(!)
= Very long tails...

: |L i , CERN
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BRAN prototype linearity

BRAN signal/Luminosity BRAN signal/Luminosity
i vs. BRAN signal
lel—?’VSI tlmle (uafg_ubg)I/L,{TL,-léli‘ . . 1e|—7 S . . S g a . .
P IF NS N SN R S 120 ISR ST RN N e .
3.6 . X ]
| 34L O e . T TS SRR S SR 4 |
| 2L g h . Ve 4 120 |1 II
0 130
ol . . : | : . : : : -+ 140]]
28 ‘.‘G!ltqh_es’_’_d_urln_g ________ S SR U T B 28l St S - - 150|]
~ |beam scans due to tlmestamp offset e . 110
26 L0 el q ol A e e 2.6 L1 1 i | i 1
,;L ‘,‘,)6 ‘9‘3 ‘(Lh ‘P‘% ;3' ‘,?6 ‘90 ~ 2 % ™ 9 © A
‘\,'\0’\ '\,Qq '\,';;L '\,'\'\’b‘ '\,'\'& \)«f’ '\,';L\/ 0‘\:]’00 ot [TV
Qo o ’ ’

» (Vertical) Crossing angle has limited impact
» Appears to have more PMT charge/collision for higher luminosity(!?)
« —Apply (empirical) linear correction to model luminosity




BRAN prototype linearity

Modeled luminosity from BRAN prototype / ATLAS luminosity

L fn/ Lyrras
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Air-coupled PMT: Al-foil degradation

= Loss trend
more ! ! ! Air + ﬂ:!l-foil
pronounced | [,

________________________________________________________

, compared

.......................................................

to quartz Eosp ML S et SNSRI S ' _____________________________________________________
= Likely ool I
caused by o
radlatlon EO.f—l ........................................................ E _____ .';..::':.':’:; __________
damage in 02| T A Voo

the MgF,

......................................................

o
o

........................................................

coating on I
the Al-film
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