28-11-2007

Very Forward Proton Spectrometer VFPS @H1
An Overview

VFPS : purpose/location

VFPS implementation
@ Cold bypass
@ Roman pot structure

& Fiber Detector

VFPS operation

Trigger & Readout

Roman pot controls / user interface
Roman pot movement

Some experiences ...

Collected data /data quality

First look onto analyses

@ Inclusive diffraction
@ Diffractive jets

Momentum reconstruction

Conclusions

R.Roosen - Saclay



Purpose of VFPS

X (cm)

Purpose VFPS

= tagging of diffractive proton with
1. Large acceptance in x;

2. Full t coverage ( down to ;)

Complementary to FPS (H,V)

- Small acceptance in larger x, range
- limited t-acceptance (0.08 <1< -0.5GeV) -

Location

- 3 possible locations
- Best acceptance in (xp,,1) @ 220 m
- Roman pots located

@ 218 m = VFPS1

@ 222 m = VFPS2

Acceptance

VFPS location in cold HERA section

A

FPS location

Beam envelope projecte

din xp

Xp =0.02 ; different t values
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VFPS Cold Bypass

Sketch of Cold Bypass

Bypass chronology

:::::

" magnet

2000 first ideas to replace
Roman pots cold ?
Roman pots warm ?

- cold_warm
- transition

cold_warm T
transition .

Roman Pot 1 Shutters

2000-Nov  design start (ext. firm)

2001-June end design (350 drawings)

2002-Febr  Tenders out

2002-April  Offers received

2002-May  Starting construction
(Dutch firm Demaco)

2002-Dec Shipping to DESY

2002-Dec Test bench DESY
He-Leak tests
Superconductors tests
= successful

E ta .1:!. ¥t WA

2003-April  Installation in HERA tunnel e

28-11-2007 R.Roosen - Saclay 3



VFPS Cold bypass installed - 2003 April

Bypass and associated elements VEPS2 insen

Ti-pump e—

Beam position monitor

quadrupole side

Bypass connections:
dipole side

quadrupole connection dipole connection
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VFPS cold bypass

ViPs2 : msert

Hera tunnel:NL220m
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Roman pot structure

Roman pot main elements

Heidenhain rulers
Ruler precision 5 y
Range 120 mm

Motor + movement transfer
Motor step 1/4 u

Pressure system for Roman pot ejection

Drag error 80 p

Roman pot mounting platform
e —
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Roman pot + detector insert

Detector elements: scintillating fibers ) I=|

- fibers (roads) 5 staggered fiber planes
2 planes (u,v)/pot = tracking
Resolution 100 y

- tiles (tiles) 4 tiles/plane -
2 planes (u,v)/pot = ftriggering

Position/Temp
sensor

Fibers(u,v)
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Roman pot window

Pot windows machined from one block
(standard machining method)

Thickness # 300 y+ 50
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Trigger and Readout

- Trigger

- Tile signals (T1-T16) to 16 PM's

- Discriminated tile signals to programmable
coincidence unit

- Trigger requires 1 signal in 3 out of 4 planes
- Trigger signal to H1 L1 trigger “air cable” (<2.3us)

‘ Coincidence Unit (programmable)

- Fiber signals
VEPS/FPS Data Acquisition System

PSPM(S) ;
. PM(16) . Tunnel 200 Control Room 101
5 fibre layers =) 1 light quide 4 light guides to 1 PSPM pixel Detctor | S | | TSI SRS
VICR250
| e
Mask PSPM Frontend Crate FIC8234 m é
b = B0 ) :
e = |
7 Détector data .
B0 OO0o0 i .l fil .
PEOL b MW’ YFOL %
H—p=| Pipeline Board 0 || STC Cards 1 S
L Pipeline Board 7 |— "
- 480 fiber signals to 8 PSPM's (16 pixels) o] Prpeine Board s |
- Read by FPS/VFPS DAQ system over optical link Bhdrysls Ty
P Trigger Level 1

‘Air Ciable !
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Roman pot control system is VME-based

FPS/VFPS motor Control
Room 101 bl
. v v v ¥
# Control/readout VMIC7750-CPU (+disk) et N
- Watch-Dog unit (control software running, — : P e e
T . Keyh |Mess :
temperature in limits) if not @ Hone | @ L] - § §
Terminal HIE =
= motor power cut = Roman pot ejected 1l NL o
- Scalers ( detector rates, coincidences) sallles |l¢2
mc7750 Clr Clr Clr
Room 301
- CAN bus controller: CAN bus connected to PSS User/VEPS Communication | || " 2 TR |
Motor controllers (6) - control/readout To VEPS Control 3 = ;
Heidenhain rulers(6) - readout i il ~[Frs 90 E,
Temperature modules(2) - readout Fru::'::;z:trnl _ :
Status update HH/Motor Control/Temp e Mo‘t:rf;onntli.;ﬁer I
. . Actions . o Heiden Hain
# User communication VMIC7750-PVSS: TCP/IP EeraiMwLogtig s MG
1. PVSS VMIC7750
Action requests
Updating of VMIC database
Data Logging PVSS Database(VMIC)

FPS/VFPS Roman pot controls

2. VMIC7750 = PVSS

28-11-2007

Device status information
Messages of actions
Error messages

* Values all devices / 1-3 sec
* Messages actions/errors

* Machine parameters

* Beam position monitor
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Contains all constants for
devices and movements
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PVSS: User displays

PVSS communicates with PVSS communication panel
1. VMIC Local Host TCP Connected Host 1
2. NETMEX (HERA) | A g | T

3. VFPS slow control (HV) b Wt ]

Kill

Seruer:

PVSS logs all data 1:;

Roman pot (positions, temp,..), Hera (mag.,coll,...) T |

STO r‘es logf”es TCP Connected Host 3 S
Server:  Restart | | Stop 1

PVSS main panel PVSS rates/position panel

Shlft‘ Plots | | Bes | Toperatires | etting| Shift Node I | Plots‘ 7| Besn | St |

Tine-Scale;

" Position 619230 fate 483 ; FR-63H FPS-80H FRG-aLl FRe-a0y VRS- FPE-2
FPS-63H @ Waithg B Y]

Glalstn Oyt p— Low ——1High R Rate 3 F Rate 3¢ F Rate 3/t F Rate 3/t R Rate 301 R Rate 3

. o - Positior o Positior A Position A Positior ¥ Pasitiar F Positiar
Position 507306 fate 43714 E‘
FPS-80H @ .

Rats linit i
Out p— Low "1 High Rhee s Fosition-ieale

FPS-81V

° Position 600271 fate  GHL ﬂﬂﬂ@@ﬂﬂ@ G,

Out p— In Low —=——""1High | e |220000
200000 4/ o S - s N

Position 400839 Rate  BOE7 |0_
i ° 150000

Out — Low ———"1High 1 ; | Pesition-Seate:

o 100000 4 . :
VFPS-1 ' e Position 1053419 Pate 100 | 4] I |1_
L (E

i —— Low ————" }iigh B | ¢ f ‘ : b

+
Position 1101094 Rate 188 | o
* Moving In ) T ] 7 SR
: 00 07330:00  07:50:00

Out mr——— Low ——"1High

Detector position

03-Har 01308;33; Move IN Potst WFPS-L
03-Har 0L308:4L; Move IN Potst WFPS-2

Detector rate
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VFPS operation: Roman pot movement

Move-in co nd ition FPS/VFPS Move-In Procedure

DataBase Constants

- LU m | nos |Ty Pot F‘F;“'gc““ - HH Cl:mrdin ate Step 3

: NAnhSteps MaxRate (0-3) .
Scaler rates non zero Sep2 1 subSieps Newnt L
- HH Coordinate Step 2
H NSubSteps
. . H MaxRate (0-4)
CheCkS dur"ng move-in Step 1 SubSteps T;::']:m MaxGrad (0-4)

HH Coordinate Step 1

- Average coincidence rates (sampling #5 meas.) S0 | swsin Nm:‘ ot 00

- Gradient rate

HH Coordinate Ref Zero

Pot Parking

- Peak rate exceeded — eject
Detector rate / position : 1 day

104

Target-in position —

- Checking peak rate if exceeded — eject H M’*" lrM W ‘
— MoveIn positions : 15 days B ]'r,!'“ W, | ,.‘}-‘IF | t N . | JF

g 82- 9:Trig VFPS 1 52-10:Trig VFPS 2
,E | i : =] an
z ; i
e Bl 60
- ‘ ‘
7i ! s 105 B 8] w I'. :' '.:-!
sze00 _-| o = =X e X e e RP 5:Position vs time RP 6:Position vs time

ot
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VFPS operation: influence VFPS1 on VFPS2

During move-in procedure
Normal running

VFEPS trigger rate
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VFPS operation: Effect of VFPS1 on VFPS2

+  Effect on the hit multiplicity

Tile multiplicity/plane VFPS1 Total tile multplicity VFPS1
= =] 12000 F = e e T =
r o 10000 = 10000 — B0 [ 8000 F e
100300 :— 10000 :_ - C 700 E_ 8660 ;_ — i 149
E : sooD |- soDO |- : 7000 |-
BOaD T 800D |- C n 600 £ 3
. i 6000 sobo |- 500 s000 £
6000 — BO0OD - B o E 5000 F
u E C B 400 F 2
C - - E 4000 F
C E L B E 3000
C . 2060 C 200 F E
2000 N 2060 | C L 2000 = _|—|_ : 2000 -
r E r N 00 1000
D L l_|—¢—| L 0 1 II 1 1 D 1 Il 11 1 U 1 II 11 1 E - 'J_
2 4 2 4_ 2 4 2 4 o C_1 11 1 | T | 1 0 C 1 [ | I |
0 20 40 80 0 5 10 15
TilMul pl 1 pot 5 TilMul pl 2 pot 5 TilMul pl 3 pot 5 TilMul pl 4 pot 5
wetipe psne P DLt Det § TilePHav/pot Det 5 TileMul/pot
Tile multiplicity/plane VFPS2 Total tile multplicity VFPS2
10000 [ ET= = B =
10000 — 1 BOOD =] QODD 900 - 7000 = :Mr. m-i.g
N C - C — Poan 2.3
BOOD |- - 7ooo E BOCO foo £ 8000 |-
- BoGO — 8000 E- TO00 o0 E
- r 5 oo E 5000 £
8000 |- r 5000 F 6000 E
L 8000 — 2 5000 500 B 4000
E a 4000 E F
B L 3 4000 400 £ 3000 £
4000 4000 — 3000 300 F E
E - E 3000 2060 F
= L ] - - C
2000 ason - L | PR EF ]| 2000 200 1000 £
I C 1000 F 1000 100 E E |J7 —L_—r
B L 3 F Firena el 1oy Sl I i I
0 I'I,I 1 I4I-l 0 I’-I'I L I4I-I 0 I'I?I 1 IAI D I'I'l L ILI U D 20 4G 60 0 0 5 10 15
Det & TilePHav/pot Det 6 TileMul/pot
TilMul pl 1 pot 6 TilMul pl 2 pot 6 TilMul pl 3 pot 6 TilMul pl 4 pot 6
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VFPS Running experience 2004-2007

2004
Irradiated fibers (trigger ratey))

Fibres Location in Tunnel

2004
;) m proto

electrof
2005
e

2005

Detector shift in pot (access Il)
Good data after June

2006

Broken motor axis
Standard running
Various beam kicks

2007

Standard running
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VFPS/FPS Data Acquisition System

PM(16) PSPM(S) Tunnel 200m; Control Room 101
Detector |16 pixes)
Master Crafe
‘ comparator | | preamplifier
= l VIC8250
g
Frontend Crate EFICR234 a
Config. data [E‘
Crate Controller eptical fiak Master Controller
Détector data
| g ficllopen-fdle
PFOL optical Fiak = VFOL 8]
Trigger © | t
&
H Pipeline Board 0 STC Cards
- Pipeline Board 7 | [ Coinad Unit
¥ Fipeline Board 8 %
Electronic Trailer
: #=| Irigger Level 1
'Air Cable’




2004 startup period
(fiber problem)

2005 detector fixing

problem
20 pb!

2006

2007 E=920 GeV

95 pb! 66%

12 pbt 84%

2007 Low E

3.9 pb! 82%

28-11-2007

Lumi H1-Vfps (Qual =2 Phase =21)

Lumi fraction VFPS/H1

Collected VFPS data

Luminosity 21/2/2006 - 31/12/2006

Luminosity 1/3/2007 - 20/3/2007

x10¢ I .
1400: 143739 (ub) H1 Lumi 14051 (ub il H1 Lumi
[ 95182 (nb'l) VFPS Lumi 11844 (ub™) VFPS Lumi
200 Lumi frac (Vips/HI) = 66% Lumi frac (Vips /HI) = 84%
1000
N HV-Settings HI™-Settings
300 -
i ALLLUM ALL-LUM
600 |- ALLTOF ALL-TOF
00
: ;
0_ o _IIII|IIII|III\‘l\\lllllllll\\‘\l
0 30 100 150 200 200 300 330 0 10 20 30 40 30 60 0 80
Days Days
14 - Lumi fraction VFPS/HI Lumi fraction VFPS/HI

12 :_Integr. lumi frac VFPS/H1

Integr. lumi frac VFPS/H1

e
I I I I I I I

[
pwd
=

Days
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10 20 30 40 50 60 0 50
Days
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0.8
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C 1 T P P
[ 1 LA AR
@ 100 200 0o
Effic(1H:D=1Pl=1Til=1
=1 il Fe e fem
_| 1 hl |
[ 10g 200 30

Effic(lIH:D=IPl=1Til=1
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Data Quality: Tiles
Tile 2 : Efficiency / DayOfYear

VFPS] -
N | TR TRy
0.8 >
- O
be - 5
; 5
04 | G
C 94—
02 (v
0 [ LU 1
) 100 200 300
Effic(1H):D=1 Pl=3 Til= 2 2;
<
VFPS2--mmmmmmmmemm e S
T M M gf
L bl
08 | e
- +
0s X
04
02
lﬂ _II 1 ||| I]I.I
) 100 200 300

Effic(lH;:D=2Pl=4 Til=1
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Summary tile efficiencies

Py o s
] il
0 i = I i -‘.Hﬂ 1 | IR A
4 10 20 0 40 50 ol 0 a0
f VFPS2 VFPS2
08 [
06 L
o b
gE”IIH-‘lllH-‘llllllllllllrllrI"II Lo v
0 10 20 30 40 0 o i a0
P1-2-3-4 P1-2-3-4
D1 D2
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VFPS acceptance

Q
g 0.8;_
- X, as measured is H1 Q07
= Good acceptance in expected x, region § 32_
(Tile efficiency to be added) ® o0a-
g 0.3;—
0.2
Statistics used 24 pb! = 80K (130 pb!) 0.1F

Inclusive diffraction (T.Hreus)

- Proton beam bump @ 6mm
- 3900 VFPS tagged events ( Nyq,.Ryp CUt)

Analysis F,D3

In conjunction with f-measurement

= F2D4

28-11-2007

s ] g A g S S S
00 0.005 0.01 0.015 0.02 0.025 0.03

xIP

Events

%
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900
800F
7005
600F
500F
4005
300F
200F
100F

() ALLDATA
@ DATAVFPSTAG

ALL MC

B vc vres TaG

0.005 0.01 0.015 0.02 D0.025
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Inclusive diffraction (T.Hreus)

- Event selection - H1 detector

ook wnNn =

|Zver“rex| < 40 cm
Eelec‘rr'on >10 GeV
Qzelec‘rron >10 GeV

E, > 3 6eV
M, > 35 GeV
Rapidity gap

Forward Muons
HE (P+P, ) 2 && #F (pi+p,+p3k3
Nax < 2.9

- Event selection - VFPS tag

28-11-2007

Trigger
vfpslte && vfps2te
(vfpslte = 3 planes of 4 have >=1 hit)

Events

2200
2000
1800
1600
1400
1200
1000
800
600
400
200

ALL DATA

@ DATAVFPS TAG Py

ALL MC
B vic vrps TAG =}

-3 -2 -1 0 1 2 3 4
nmax
2 6000F -
5 -
Iﬂ 5000:_ ALL DATA
40003_ i @ DATA VFPS TAG
;D_ L ALL MC
3000F B vic vrps TAG
2000 -
- -
1000 ‘°‘_0_
: e
0 0.005 0.01 0.015 0.02 0.025 0.03
X
P
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Di-jet analysis - DIS (J.Delvax)

kntnes  Z216] | Entries B3/ ‘

Data 2006
Data 2006 in VFPS

. . E 255 t of the first jetin La ran'Je
Event selection - H1 (K;-algorithm) & b ettt
- DIS cuts £ b
- (P"11>56eV) & (Pr, >4 GeV) 3
- Ny € [F142] o
EVCHT selection VFPS o o Pt-;:ﬂ (GeV)

Data 2006
Data 2006 in VFPS

Entries 2216] [Enfries  637]

- vfpslte && vfps2te

Statistics:
- 97pb (75% of total event sample) e
- = 637 events )

MNumber of events

it == IRl il Lt Lririrl L Ll L L
04 02 03 04 05 06 07 08 09 1
zpom

[Entries  2216] [Enfries  637] Data 2006

Data 2006 in VFPS

95 2% 24 232 2 R Y

28-11-2007 R.Roosen - Saclay sl il xemin 20

200
180
160
140
120
100
&0
&0
40

VFPS tag selects di-jets with good
acceptance

Number of events
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Jet analysis - Photoproduction (J.Delvax)

Event selection H1: 2 Jets (Kt-algorithm)

=]
=
=

I

= Npax<2.d
- (P*T,l > 5 GZV) & (P*T,Z > 4 GZV)

- Ny g€ [-1+2]

Number of events

Event selection VFPS “’ﬂé—
- vfpslte && vfps2te e e

Entries 5988

Statistics 23.7 pb™!
- Collected with dedicated trigger
- total statistics 2006+2007
6000 events
Goal
Compare t-dependence in :
DIS & Photo production jets e T
(factorization breaking) eo tastxpem

Number of events
[ e n
1 3 3
=] =] =]
I I I

[

=1

=
I

-

o

=]
I

28-11-2007 R.Roosen - Saclay 21



Proton beam bumps for VFPS

Beampipe aperture limitation at 200 m = high x, scattered protons are lost
Solution = Introduce beam kick

e - L A BN R AL IR R AR AR RN
E.;  HORIZONTAL (beam optics version |11-4) : Principle
% : | |Frs VFPS ot , -
4 - 1 : BE i {
| \
; / \
£ A\
z I 0 A
| 3
: N\
il h E i E
> HI
ﬁ / '
! ,'// \\\\-
= et Vsl : e
240 —220 200 —180 - 160 40
Sm >
4 L1l B f<05GeV 2.
S | m EE clope B ft|<01GeV* } ¥p =002
.| :" “FF’“"”IE .| m‘:?m G‘:”E A Practice: different bumps used 2006
'C‘:' TR L Ll Lt L i
D 25 BC 75 100 125 15D 175 200 225 250 o
5 (m) ot il el
ALY i"/f‘\‘\ o _fﬁf
v | L A
. S,/ 4 |
Closed bumps for nominal protons -. ot o] -
for diffractive protons ? v AN AN
1 LI
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Momentum reconstruction diffractive proton (T.Sykora)

P (XP,e’(p)

X = (x,+x,) / 2
X' = (x;xy) [ (z,2)

y
VFPS2 y
(x2,Y2)

= (y,ty,) [ 2
= (xyxy) [(z,-2,)

Beam Optics: find map: Mt (xp,0,9)

= (XY.Y,Y)
- standalone
- HISIM
Reconstruction: find map: M :(x,yyy) = (xp.0,0)
- N(eural) N(et)
Calibration: Detector - beam distance

28-11-2007
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MC versus data

Detector x-y hit maps

0.8 A —— — SR — . —

y [cm]

o e L 0.4 b

08 05 1 15 2

x [cm]

G 0.5 115 > data

x [cm]
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Neural Net Reconstruction

0, et [rad]

0.03
0.025 -
0.02 -
0.015

0.01 |

0.005 *

Net Reconstruction

09 001 002 003 004 oo e 0.0%1 ([Jrfc?lz 05 025 0 025 05
! ; ] i e 8. [rad] x10

Generated > %P gen

-2
x 10

XE 0.3 OO OGO SOOI OO
=k
©

0.25

o(3T) [GeV]

0.6

6(30) [GeV]

o1 —
0.06 - TN O S S A 0.4

0.1 -

0.04 oo ......... B 03

0 051 s 0303 0 02 04 06 08 1 0.1
: oe : t[GeV]
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Xp _Reconstruction

1. Kinematic peak method: t-spectrum unbiased y <0,>=0 < 0,>=0

g 7.0 | a0 o cEEE e e B o A 0 B0 B 0 ) B R BB A5 B B BB SR HE B B AEEER0EEa S|
o : : : |

Reconstructed Xy

0 0.01 0.02 0.03 0.04 -1 -0.5 0 0.5 1 15 2

HA : HA
X, Ox,/x,(x,™)

2. p events kinematically fully defined; e+p=e +p+ p' p'is known from H1
(in progress ) acceptance int 100 %
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Conclusions

VFPS hardware experience: (very) good except
irradiated fibers (unforeseeable)

VFPS software experience: (very) good
No major problems
Once properly adjusted to beam environment: fine

VFPS « HERA machine
Many parameters to survey:

Proton momentum Reconstruction: difficult because of many details to be taken
into account (beam bumps)

Analyses in progress and planned
- F,D; analysis based on VFPS trigger only
- F,D4 analysis : follow-up of F,D3 with t-measurement
- Analysis of DIS/photo-produced jets with t-slope measurements
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END
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