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Horizontal Collim. Study on 2-Mar-2017

X=-16.85mm Y=23.51mm ?(=13.28mm
’ Y=-16.63mm SH1 s 2004 design by
@D @D ® @ @| | A Drozdin-
Prv e v=23.54mnh Sec.CpIIs touch
primary primary = ’ Y=-23.45mm  X=13.28mm beam in
hortzontat vertioal  2-12:83mm both planes
Pr.H (mid_5H) Pr.V (short_5V) Smm’ S;Ww} . :ﬁm .

Collimation schemes used during the beam study:

N H-Prim Coll1=L6A Col2=L6B Col3=L7A Comments
Initial (SHCOL1) | (SVCOL1) | (SHVCOL2)
positions of 4 4 Top/4AUp
collimators —k Wall . Aisle
= 15C: H Inside ¥ Out
Down/ |Bottom
Final A 2004 A.D.'s design for
positions of 2-stage hor. collimation
Collimators 7 - modified as following:
=Hor. 2SC h' Col2 from opposite side
(Vert 1SC): - enhancing Coll

3
1SC=Single Stage Collimation; 25C=Two Stage Collimation



Detectors & ACNET applications & post-proc. codes

B-HT51Gn B:HSTO0S5S B:BLM0O61 B:HSTUe6LL. AL6BGn
Coll. motion: " B:VSTO05S B:VT53Gn B:VSTU6L %%§¥%2%
B109 & B110 B:S5PCH @%LMSE ; @; l AL61§Gn p4 :

)

B:BLMLO6

/ B-BLMLOSH[B:BLMO051 B:SSPCV My 11 1052 BRINVOGS

BPM

B:HST06S B:-HSTU7L § AL7AGn B:HSTO7L J‘E'BLM
B:VST06S B:VSTU7L B:VSTO7L

[> 3 3 & / @ FLM

B;BLMSO6T B:BLM071TBZBLMO72\ TBZBLML07

B:BOOEFF; CHG1; CHG2 | Beam transm. efficiency; Inj/Extraction beam charge

B38 Beam orbits save data => postproc. code: x & x’ at collimators

D43 save-list BLM data recorder for off-line usage via D44

FLM signals on-line for Collimator tuning; off-line via D44

B88 “frac.trip point” “PrintScreen” (on-line) & Data export (off-line)

A’la “B88” Exe (on-line) for reading BLM data to reproduce B88 plots

B136 BLMs signal within Save data => postproc. Code: check bad signals;
Boo-cycle e.g. averaging over cycle => compare with B88-plots, etc.

D44 Off-line plotting of recorded parameters (pos; BLMs; FLMSs)




Transverse collimator positions (1of3)

Short 5

Long 6 Short 6

Hor Primary Vert Primary
Collimator Collimator

Steps 1+4b of total 14

S

Secondary

Secondary

Long 7

Collimator Collimator

Actual Study Steps & points of time

No| ti-

Coll1=L6A Col2=L.6B Col3=L7A

(1-stage used in 2016)

me Step No&name H-Prim (SHCOL1) (SVCOL1) | (SHVCOL2) Comments
1A A
Record BLM/BPM/ColPos Top/TUp
(110325.xIs/* kap03 0ln.txt) !' Wall 7
at usual col-positions S Inside *

Down/ | Bottom

Al| move Col2 to garage (->W)
move Col3 to garage (->A)
B rec. BLM/BPM (111822/041)

4a|B1| move Hprim to Wall-garage
4b| C | move Coll to garage (->A)

| Wi

move all SecCols to
garage; STOP BEAM

for Hprim motion);
4=1SC with 1 sec.col.!

4b=all SC - garage!

Hor. Collim. Study => move collimators only in horizontal plane




Transverse collimator positions (20f3)

Long 6

Short 5

Short 6

Long 7

Hor Primary Vert Primary  Secondary Secondary
Collimator Collimator Collimator Collimator
Steps 4c+9c of total 14 . .
P Actual Study Steps & points of time
=
No| ti-
me Step No&name Coll=L6A Col2=L6B Col3=L7A Comments

4¢|C1 |continue move Coll (->Aisle)
to touch beam from Wall-side

51C21 move Hprim (->Aisle) to
touch beam from Wall-side
6:C3 re-optimize Coll:

6a adjust Coll to beam (->Aisle)
6b retract Coll from beam(->W)

Record BLM/BPM

8a|D1|move Col3 to beam (->Wall)
8b|D2 Record BLM/BPM
9: Optimize Col3 at beam core
9a Col3 further in beam (->W)
9b| |retract Col3 from beam(->A)
9¢| E Record BLM/BPM

setup the major sec.
collimator (=COL1) to
touch beam and then
optimize H-prim

"ebh=7"=
2SC with single major
Sec. coll. (Coll)

(7: 116313/07n)

(8b:117504/08n)
retract to -=~A
Ox =+1mm=~40mils
9¢=2SC with 2 sec.col.!
(9¢:118348.x1s/09n)
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Transverse collimator positions (30f3)

i

Steps 10+14 of total 14

Actual Study Steps & points of time

No

ti

Record BLM/BPM

BEAM STOP| from outside

me Step No&name Coll=L6A Col2=L.6B Col3=L7A Comments
10 re-optimize (play) Hprim
10 re-optimize (play with) Coll 10a=re-optimized 2SC
a|F Record BLM/BPM with 2 sec.col.!
(_11590.xIs/* 10An.txt)
11/F1| "Surround" beam by Col2: after approach Col? to
move to touch beam (->A) bearlilpretr act it b
then retract from beam (->W) S =+ L mm=40 ){
12/G|  Record BLM/BPM .
( 120882.xls/* 12n.txt) 12=2SC with 3 sec.col.!
o final positions for 2004 A.D.'s des.lgn f."or
3= : . 2-stage hor. collimation
k= horizontal 2-stage collimation —— modified as following:
o (Whgzgﬁ:zlimﬁa; S)C m ‘i Col?2 from opposite side
P - enhancing Coll
13|G1Return all collims to ini. 15C: move to move to Wall | small move 14:
A)H iy B)Coll ©)Col2 d)Col3 Aisle garage | touch beam into beam small move * 122709.x1s/
14/ H garag to (Wall|Aisle) - '

(->Wall)  14n.txt




Coll. Positions (D44) with study steps & points of time

A, B, D-H are points of time with full set
Al, B1, B2, etc. — additional points for some intere

of measurements (B38; B136; B388);
sting states (only B88)

——RB:BCOL1H 20170302b_kap03_D44_HColPos_only.xls.txt.dat B-S5PCH
1000 ___B-BCOL2H ' ) 4000
——B:BCOL3H | COL1 ;
\ —COL2- 3000
COlL2 I :
500 Hprim ' | 2000
N ~ 5
7 é = | 1000
7 o |-'| & N ]
0 0
' i
2 |_| ]
4 1 -1000
8a ]
500 1 -2000
COL1 -
~rCOL3 ; : -3000
> He 2O @
_1000 i : B % ; — : s B § s . S— _4000
12:30 13:00[A1] 13:30[Biz] 14:00[c2] 14:30 [D1 15:00 Cil 16:30



Beam Intensity Fluctuations During Study
—B:BEFF17 %]

4 ————— e B . N 90
| ® B:CHG1 1
(@ B:CHG2

e L 50

e S e s | et ] W St | i e G e S W K | i | S

12:30 13.00 13:30 14:00 14:30 15:00 15:30 16:00
FCOL3 I -——F R |

| - C) _ F=N 0O
QO qf m[@ O R
12:30 13:00@ ' 14:30 .D1.-15:00 15;-30 F1|-16:IOO E 16:30

Let’s exclude “additional” points D2, F1 and G1 due to efficiency drop around them

A - usual 1SC (routinely ~2016)

C3 - COL1 is re-optimized => “2SC with single sec. col."

Al - COL2 in GRG (garage)

D -(=C3) “2SC with single sec. col."

B -COL3in GRG

D1 - COL3 at beam aisle-side => "2SC with two sec.col."

B1 - Hprim in Wall-GRG

E - COL3is re-optimized => "2SC with 2 sec.col. re-opt"

C -COL1in GRG (all hor. GRG)

F - Hpr & COL1 re-opt. => "2SC with 2 sec.col., all re-opt"

C1l- COL1 at beam Wall-side

G - COL2 at heam W-side => "2SC with 3 sec. cols"

C2 - Hprim at beam Wall-side

H - back to initial 1SC (=A) 9




B38 post-proc.: orbits at Hor-BPMs (periods 5-7)
At study start: special C.O. bumps ~after injection (by Todd & Salah)

e <011 HSTO5S dat>

HSTO5S - horBPMin5805neéerrim:

<o12 HSTUBL: dat>

V

_HSTU6L hor BPI\/I LO6 UpS (before Coll

<013 HSTOBL: dat> 5

FuII c cle' OOOO 'rns

data_se <set 170302 ass:»' .). S ?cc. cyc!e"""' )

6)4':r'\Jomn#bomhm#bompm&b#ﬂacm&ubomhm

mean & rms of aII measurement sets throughout 4- hours study (2 flles X 8 sets)

A oNnN b o b b bhbNoNbANONS

& ALV omw s

I\/Ieasurements
(ongmal data w/o-
- -any smoothmg)I

o N b O @

“100 timns after injection

data set—<set 20170302 all> ; i . after |nject|on

2000 4000 6000 8000 10000 12000 14000 16000 18000 turn

100 200 300 400 500 600 700 800 900 1000

Beam orbits are stable (~x1mm) throughout all study steps!



B38 post-proc: “restored” orbits at Collimators

1) Using ideal linear matrices orbits at nearest BPMs have been traced to the fronts
of all collimators: Hprim, COL1(6A), COL2(6B), COL3(7A);
2) 30-envelopes has been added to orbits;

3) X-positions of collimator edges are defined by max&min of envelope curves
Full 20,000-turn cycle

Hor. coord, x [m] at HorPrimCol (2-stages) Hor. coord, x [m] at SCL6AFront
T

Hor. coord, x [m] at SCL7Front
0.03 - T r — 0.03 — 0.03 . .
sigma ——
0.02 | x0+3*sigma =— | 0.02

0-3sgma — I COL3(7A) edge used

_J—/
-0.01 | : B -0.01 [
g COL1(6A) edge used
-0.02 le’lm Edge USEd e 20,02 bl - L ( ) - g E < - -0.02 - e
data_set=<set_20170302_all> | C wmmumber data_set=<set_20170302_all> | data_set=<set 20170302_all>
-0.03 4000 8000 12000 16000 20.000 -0.03 4000 8000 12000 16000 20.000 -0.03 4000 8000 12000 16000 20.000
’ turn number ’ tum number ’
First half of cycle (10,000 turns)
0.02 Hor. coord, x [m] at HorPrimCol (2-stages) 0 02 Hor. coord, x ilmI at SCLBAFront I 0.02 Hor. coord, x [m] at SCL7Front
X0 h X, m x0 b X, m J "0
0015 Ty Sigma T 0.015 |- ‘ sigma 1 0015 |- COL3(7A) edge used - sigma .
001 F o ] x0+3"sigma X0t 3 sigma
A x0-3 sigma A 0.01 V XOTSigma 0.01 - - . e : SRR “y0-3'sigma
0005 E inside ===V ] inaide mm— SO
- M— 0.005 |- Suteide N 0.005 |- e R
-0.005 - ' : ] -0.005 - -0.005 |- _—/’___’_,/—‘—‘—"‘1,:
oot b oot b ] ot I ]
0,015 v ] 0015 & —COL1(6A).edge used._| i 4 i
0.02 N BtmsAi=sset 20170302 I=,,!l> Hprlm.e.dge; ysed - | data_set=<set_20170302_all> -0.015 data_set=<set_20170302_all>
-0. ' -0.02— ! ! -0.02 L ’
4000 turn number 8000 105000 4000 turn number 8000 10’000 4000 turn number 8000 105000

Hprim COL1(~COL2) COL3
Note: 30 - beam envelopes assuming an ideal damping as 1/5y

11



D43 save-list: BLM data recorded

B:BLMSD5 B:BLMO61 B:BLMO062 B:BLMO71 B:BLMO072

B:HORPC 1 1 {

B:BLMO051
B:VERPC

B:BLMLO6 T B:BLM 06 B:BLMLO?I

—>

B:BLM052

D43 Circular Datalogger Device List Control (BClk )} +Pgm_Toolse

®Event ¢ ®Event ¢ ®Event ¢ $Event ¢ $Event ¢

®Event ¢ *Event ¢ *Event ¢ *Event ¢ 4Event ¢ 4Event ¢

4Event 4Event 4Event 4 4Event 4 4Event 4Event

*Sorte *Show Fetch Infoe #Display Full Device Name ¢ *Statse +F ind_Change®
Clock: TCLK List Ewvent has a capacity of 2000000 buckets Node [BClk 1
Menu [DCE15 1
1F+0 sec 1F+0 sec 1F+0 sec 1F+0 sec 1F+¢ sec
B:BLMLO1 B:BLMLO2 B:BLMLO3 B:BLMLO4
B:BLMLO8 B:BLMLO9 B:BLML10
B:BLML11 B:BLML12 B:BLML13 B:BLML14 B:BLML15
B:BLML16 B:BLML17 B:BLML1S B:BLML19 B:BLML20
B:BLML21 B:BLML22 B:BLML23 B:BLML24 B:BLMSO08
B:BLMO21 ] B:BLMO23 B:BLMO24 B:BLMO25
B:BLMO26 B:BLM121 B:BLM122 B:BLM123 B:BLM124
B:BLM125 B:BLM126 B:BLMS12 B:BLMOS1
B:CHGBBM B:BLMS13 B:BLMOG2
B : RADL 04 B:MPG2E B:BLMOB1
B:BLMSO3 B B:IRMO72 B:BLMOB2
B:MPO2 [E=BLHS0%] B:MPO2I B:BELOST B:BLMO71
Messages |

For collimation tests — all “collimation” BLMs must be on D43 page !

BLM allows 3 time scales:
1) B88-bar plot >1min (many Boo-cycles); 15
2) B136 averaging 1 Boo-cycle; 3) B136 within cycle (separate inj, notch, etc.)



Booster losses: FLM for full booster cycle

Rick’'s FLMs
(Fast Loss
Monitors) provide
new opportunities

Tek Stop |

mhume data | configure | status | control | applications | help -

Home: TDS 3054B dOoltek2 (10.10.10.1)

b

7
J

for high resolution
(ns) loss monitoring
and in

specific windows
During Booster
cycle

(ACNET variables)

magnet 5-3

Injection (100ps) G-
RF Capture (variable) G-2
Notching (500us) G-3
Feedback (500us) G-3

=

collimator 7 E»

.| Transition

1 Acquisition

=
=
a
1]

Sample

A

il Peak Detect
i (< 250MS/s)

n

Envelope
512

.

Average
128

For collimation tuning FLM

\ Extraction
1 (3turns) G-5

ACI‘.]LIISItIOI‘IS 1

................ Reglon e e e e e e e e ..
. . . . Z (8ms) G-4 . . Z \
‘Chi| 2[] Um‘JQ CI‘IE 20. Um‘JQ ‘M4.00ms a":"u Ext L SUUH‘IV
Ch3| 20.0mve 20.0mve:
: _ _ : T o 1? 3840m5 .
Mode Horizon_tal Reset
sample | Resolution|Horizontall Autoset |waveAlert Sample Rate:
p Normal Delay 250KkS/s

s gate G-1 (Injection) is

used !

13




Typical screens for tunings with FLMs

Sat 15-APR-2017 13:53c:B53RA

— toag Restored

. | ﬂ
EtHTS1G1 H f’ \ ;;r \ E:ECOLIH ff ﬁ gl . .
= - - With D44
.COF  HZ ! E:ECOLZH — ! I .
i ssre VT53G1
g8 . - |7oea
EzalLeaci 36 S ) . ) o -zEamE
.COF HZ 26 [ .- ' e A LGAGl
388 [
E:ALSEGL N TI AL6BGl
.CIF HZ w
20 meizact | AL7AG1
2@ E:AaLPAGL
1@
E:aLPAaGl @
.CIF HZ ]
E:SSFCH 488 | = -27aag
.B=tr step 18 . i === . —-118@8
9 | BraLEERG! - R -Seea

cial o N -11588

a e Hprim
SRR s - L T COL1
COL2
COL3

206 W
5 [ &
E:EBCOLZH -1

LBt Mils —-GHE

g |

5]

E:EBCOLZH -1a
B=tr Mils -2A ) -
-9@8 5 I i

12:36: 00 REIEC 14:30:00 15:3@: @6
T1 = Th B2-MAR-2@17 12:3@:0@ T& = Th BE-MAR-2617 16:30:08 14




E:EEFF17
EBEstr %

G:TUREM1Z
«Backup

BE:SSPCH
B=tr =tep

E:EBCOL1H
EB=tr Mils

E:EBCOLZH
EB=tr Mil=s

E:EBCOLZH
EB=tr Mil=s

Sat 15-APR-2017 13:27:453000

1688

R i

|
|
E:ECOLZH |

7

E:EBCOLZH \

1a6aa

E:EBCOL1H

=g

T

—

—E:ECOL1H

I B:SSPCH

o e

g i

-----

E:BEFF17

LRl

—aar— 2 |
1
[x}
™
=
=
=

G:TURM1Z

13:36: 08

14:36: 646

Tl = Th B2-MAR-2817 12:320: 848 T2

15:36: 06

16:36: 06

Th B2-MAR-26817 1&:3@: 808

Restored
with D44:
CHG1
CHG2
BEFF17
TURN17
&

Hprim
COL1
COL2
COL3

TURN17=10

15



B88 for comparison losses at study steps

. 2.2E+12 pspulse
le' p/hr‘= 4' 3E+16 9.32E+15 prhr B3sBgs17? 1528
Euvent 17 88X

b 9. 3E+15 prhr
:
= 1.23
o —
o —
.
W
. B88 “Fracti ip points™:
s b raction of trip points
- ;
.23
= - -
< | 14 ”
: rintScreen” (on-line
s C
(5]
: _ D '
: ta export (off-line
£ a
=}
S b L0 I VY ] S Iy BT w R N B« I e B B Ja ) [ L2 B o T kol o I o T LY w I S« I o T B R I L B Y L I S B e
=D D D @ @D 3D D & & = o= = U = o e o L I ¥ I N o Y o N T LY B
@] @ @@ J J J J Jd d a4 4 = R o ko T [ [ [ [ I e e O N N ]
— [x8] [P I o T o T R I« oo [ L I ol 1 Y o Y WY o N n TN I T w N Lo ~ o~ ol ' B ¥ I ' |
= = [ By B I I B R -l o o o o o o LT LT N W W A o W R o W (O T BN B o
ol ol [ S o T T T o T s O B vy LixE ] [ N Y o T o w T T o IO o O O N N o Y o o IO B B B v |

N 1 . d B 't BLM Maximum wvaluesi- .22 at Sar? Examples for
crheiRERe mEeREn PR e 3 e “F-point: time=15:28"s

“B88” Linux-exe (on-line): directly reads BLM data to reproduce B88 plots (~1.5min)

BLM bar-p|ot (as 888) data file name = bim_sum_ev10_20170302_152812.dat;

5 start date time = Thu Mar 2 15:2812 2017 for numerical
S GUORPILT I0MB [MBeee) | | | Giidmiewil | | || e | b dndcaier i :
end: 03/02/2017 1530/ (31sec) | . | | | | 023=BBL0230'atDS PantsMPO2 | 125=128:BLL250 atNich Absorh; | | 071=B:BLOTLO atfront’COLI(LT) | | Comparlson81

; bk B E B hoad B R A © | D24=BBL0240al 24, | | | | 126=BBL1260 alDS Nich Absorb;  072=B:BLO720 alend COL3(LT), |

i | 028-BBLD250'atUSDOG3; | | 051-BRLO510 atHoPrmCol - | BCL=LMSCL at’836 coll sysl (absent); |

. D26=B:BLOZ260 at MPDZ; . 052=RBL0O520 at VerPrimCal: : | 8C3=ILMBC3 at:836 coll sysl (absent)

duplicates B88
data export

(did not worked
sometime aqg)

0.25

BLM names



dence for “B88” plots

INCI

Cross-check of co

zL0
120 -
z90 -

90

¢s0 -
TS0 -

9zt

SetT -
(44 S
et -

920

T4V
veo -

€20

Te0 -
110 -

¥es

el -
€es -
gc1 -
¢es -
(24 I
1es -

1e1
oegs

0zl -

61S

611 -
81s -

811

L1S -
L17 -
91s -
911 -
SIS -
ST1 -

¥is
T

e1s -

ET1

¢ls -
[A% I

T1s

11 -
o1s -
011 -
60S -
601 -
80S -

801
L0s

207 -

90s

01 -
S0s -

S01

¥0s -
o1 -
£0Ss -

€01

c0s -
01 -

T0s
101

Visually difficult:

BLM sequence

Is shuffled time-to-time

(e.0.

since last summer)

&

new BLMsS were

inserted (“123”,7124")

=
=
e
D
)
| -
©
S
c
®©
=
O
=
e
)
S
&)
£
<

Here, examples for
“F-point: time

(2SC

15:28”"

opt)

2, re-

the “summer”
ordering for BLMs
will be used for
A’la “B88"-plts

Here

et 11

E

A

17

A g~ e
U0 a0 ol
EVEE G e

221

F2e

F2s5
225
225
23
G225
ETIS
215
c£T5
15
= S
FI5
1S
215
T1sS
BTS
EES
2as
fay o by
a5
SAas
Fas
£as
Z2Es
Tas



Compare “B88” for points A=1SC-3 & G=2SC-3

blm_sum_ev10_20160629_all

100 AT T I T EEEEEEEREREEEERRERERRRERER i .
X (BLM ) =307 RIS 2 LBIM ) =140 5 type of sums introduced:
g0 2. ,(BIM ) =234R/S S BIM o), = 39 RIS 1) All 64 BLMs
s BIM_ ) =122Rss 2) 48 regular BLMS (L & S)
60 L 3) 11 Collim. Area BLMs
4 A12:51_abs _R/S (regular + 051,...072)
40

4) 43 reg. w/o 5 coll.reg
(S05+S07)
5) 22 rf-cavity area (L & S)

20

Compare two points of time:

blm_sum_ev10_20160629_all

" TH 61551 e RS “A” —Initial coll. Config. With

80 ———‘ | ‘E‘G;‘(I‘BL‘M ‘)‘ = 412RiS | > (BLM__ ) =238RS Slngle-s_tage (W/O prim.)
LW BIM ) =308RIS X BLM_ ) =135 RIS collimation with 3 sec.

” X, BIM ) =35RiS collimators used (1SC-3)

“G” — one of “optimal” two-
stage collimation using 3
secondary collimators
(2SC-3)

Visual comparison diffictilt !

40

20




Compare with double-bar “B88” (A & G)

A=1SC-3 & G=2SC-3

G_15:351_abs R/S

A_12:51_abs_R/S

60
90
40
30
20

B /0

B 920
| G20

19

Some tiny loss reduction in RF-region (L14+S24) can be seen !



Sums of absolute BLM values

R SR s Ss Ses
S/ sAe 0z:91 H | o S/d sqe 02:9L H| T
[
: e L R ]
7 S/ SETLEGL O] O ~ S/d sqe LgigL D|O .
9 EdEee - o
T T = . m = = = e _|_| . ~
7 S/d SAe 8261 | 1 S/ sqe 826l d|F m o =
-9 : — —~
i I, .I ,.. I. _m-n_l = = . = ..—u - O _ A
S/d sqe L0361 I S/d sqge JOSL T o\ (&)
L M [ o . 2 1|
: T — — Semm— B B — p 2 QO .- C
s/d s orrLTLa | O ® S/d sqe 9rivlL La|Q ol = O 3 Q
Sssamaes i Sssnsa Ol o S?__BS
s/ sae eyl A ) T S/ sae gyl d|A m 1 o Q =z
i i i AN e == (4p) — 1 1
S/d SqB™ 2201 €D m S/d sqe gl €0 @ = 4 mu % w T
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B88-data vs B136-data

Compare BLM bar plots by B88 (>1min) data and B136 (within one Boo-cycle )

Cross-checking

For “B136” — mean and rms of 5 measurements at every point of time
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Cross-checking: B88 vs B136 (“48-BLM” sums)
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_ Compare BLM sums by
| |40 B88 (>1min) & B136 (33ms)
: R 300 For “B136” — mean values of 5
| —i measurements at every time
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Losses at Injection, Notch, Total (by R.J.T.)

Notes:

Losses dominated by notch formation
(3/83 RF buckets ~4%)

Booster is ~92% efficient -> 1/2 losses
from notch formation

BLM vs Time Data;

Data taken with 1/10 full BLM time resolution
(barely adequate, oversight at time of study).

Sampling phase allows separation of
Injection/notch formation.

Collimation “optimized” at injection using fast
loss monitors.

Loss Definitions (following slide)
L = IRM — IRM

Injection Injection Pedestal
I—Notch = IRI\/INotch - IRI\/Ilnjection
I—Total = IRMExtraction B IIZQMPedestaI

Note suppressed zero in raw IRM data

25

20
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Derivative of IRM Data
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Losses at Injection, Notch, Total (by R.J.T.)

— Init.Cond.

107E —— 51,6A,6B.7 Opt.

Optimizations (at injection):

e primary (5-1), 6A (“D”)
 primary (5-1),6A,7(3) (“E"&"“F")
o primary (5-1), 6A, 6B, 7 (“G")I

10 15 20 25
Booster Sector

- — Init.Cond.
107 — 5-1,6A,6B,7 Opt.

Observations:

e Only tiny improvement away from 2ndary
collimators for *any* configuration

Notch Losses (Rad) \./ Inj. Losses (Rad)
S
- T

. 10—3__
« Example losses to right PN b | N
Booster Sector
T E
NOTES: | o
107
« Same scale for Inj, Notch losses S
e Double scale for Total losses 2 107
107
0 EI 1|0 1|5 2ll] 25

Booster Sector

25



Search for improvements: EFF drops(?)
There are drops for BOOEFF (BEFF17), CHG1, CHG2 during study (see slides 9 &15)

Losses ~ Ochg =CHG1-CHG2=CHG1*(1-CHG2/CHG1)=CHG1*(1-EFF)

Let’s normalize BLM sums relatively initial point of time “A”

via the correction coeff. Kelioss(Chgl,chg2)=0cng(“X”")/ dcng(“A”),
which is a ratio of losses at time “x"to losses at “A” (here, dcng(“A”)=0.245

Alternatively, BOOEFF-dependent coeff ke e(eff)=[1-EFF(“x")]/[1-EFF(“A")]

130 T 1 71T T 1T T 1T T T T T T T T T T 1 3& ]
“|—t—k_rel_eff —"—k_rel_loss --<--k_final g N N
1.25 i S
/:J//A)?M\f
e i
1.15 §
,/é" ]
/-
1.05 5/
&W——m e ﬁiﬁ/ﬂ
0.95 | | ]
time__namef

0.85
A A1 B BT B2 C C1 C2 C3 D D1 E F G_like H

Let's use more favourable for 2SC coeff  Keret (final) !

(divide the above original sums on slide 21 by the coeff) ~ “°



Corrected sums of absolute BLM values
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Conclusion

Several two-stage collimation (2SC) schemes In
horizontal plane using one, two and three
secondary collimators has been implemented
during the collimation study on 2-Mar-2017

BLM loss patterns around the Booster for 2SC
have been compared to 1SC at 3 time scales
(conclusions are consistent between them)

Analysis demonstrated a worse collimation
efficiency for 2SC vs 1SC

Some tiny (<10%) reduction of losses has been
detected over whole RF-area (periods 14-24)
using some heuristical correction
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