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i Introduction o B B o

Polarised Drell-Yan at COMPASS :
T~ +pl —opt T+ X
Physics data taking for 5 months in 2015
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Protons in a solid ammonia ( NHs ) are used as a polarisd target.

Paramagnetic centers was created by irradiating with electron
beam.

The NHs has typically 104 - 103 free radicals/nucleus.

2. Feb. 2011

elapsed
time

1 week 2 weeks 7 months

Pictures of the target material.
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#coil in outer coils

upstream cell #1 #2 #3 \ #4
e
===
\

#coilin ~ #6 # #8 /#9

downstream cell \inner coils

Target cell

+ 55cmx d4cm

- made with (C2F3ClI), to reduce the effect on
polarisation measurement

Picture of coil2 (outer)

* 3 outer coils and 2 inner coils for each cell .
NMR coll

« Since high intensity hadron beam on PT is
the first attempt in COMPASS, we installed, *© 1 €M x9cm
inner coils which are more sensitive to the ' « made with stainless steel

effect of the beam _ . .
* inner coils are wrapped with

+ 2 cells were placed 20 cm apart with 50 pm thick PCTFE foil
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Definition of polarisation for a spin 1/2 particle :

NT — N~ where N+ is a number of particles
P = " with parallel(antiparallel) spin to
NT™ 4+ N— the magnetic field direction

Polarisation in Thermal Equilibrium state ( T.E. ) :

where
p,B 1 : a magnetic moment of the particle
PT.E. — tanh | —— B : a magnitude of an external magnetic field
k BT ks : the Boltzmann constant
T : an absolute temperature
Example :
PT.E., Electron =~ 100% @ 0.1K

PT.E.,Ptoron ~ 1% 25T
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_Polarisationmethod

Dynamic Nuclear Polarisation (DNP) method :

- born in lllinois and have developed | Polarization of Nuclei in Metals
aI I Ove r th e WO rI d Department of Plg:?i]z}j,l{ ?/’Xw?z;’; 1;}1?;;’58501;:’ Urbana, Illinois

(Received June 25, 1953)

— 't r a n Sfe rS e I eCt ro n p O I a ri S at i O n A new method for polarizing nuclei, applicable only to metals, is proposed. It is shown that if the electron

spin resonance of the conduction electrons is saturated, the nuclei will be polarized to the same degree

they would be if their gyromagnetic ratio were that of the electron spin. This action results from.the para-

to p roto n S by i rrad i at i O n M W magnetic relaxation processes that occur by means of the hyperfine structure interaction between electron

and nuclear spins. A shift of the electron spin resonance due to the same interaction will occur for large
amounts of polarization and should provide a direct indication of the degree of polarization.

PhysRev.92(1953)411

A pair of proton and electron in the B 4
external magnetic field has 4 energy A * . ‘ A

levels.

Positive(negative) polarisation :
* M.W. irradiation of energy B-C(A-D) \/
- Pairs in C(D) state are excited to B(A) state.

]
- Pairs in B(A) state relax to D(C). C * 4

® proton D

COMPASS PT uses M.W.
with frequency about 70 GHz. Diagram of DNP method
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FREQUENCY
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-

Diagram of M.W. system
Sep. 27 2016

Pictures of M.W. system and of power supplies.
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Power control Equi‘ T ——
. - M.W. generator

: ; extended interaction oscillator ,
Fessaasssnna T T 20 W
ziors ~ 70 GHz to Downstream cell .
mos %1 =——~———> * Power supplies
ook RO e e E— + Varian VPW2838 and
S L 15: Philips PP 4150E ATTENUATOR CPI VPW2 827
M.W. SWITCH
=~ * Power control
Generator @4 \
Conr o 2] oo * Frequency counters
FrqueNcy A - Phase Matrix EIP-548-B
vors 70 G « Power meter
I Lodee 0 e | - Millitech DET-12-RPFW0
e N
EIZOOLINGWATER ﬁ” _ E]: 5}% to UpStream Ce”
M.W. M '
Generator | o
il SN ) . ;
Power control Pictures of M.W. system and of power supplies.
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M1cowa_S_ stem

Power control Equi . R IS S,

. - M.W. generator

: extended interaction oscillator ,
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’5/“ M1crowave_s‘ stem
H | I\/I W. cavity

made of 1 mm copper

— - cylindrical part :
1421 mm x Dinternal 410mm

_ « conical part :
L 280 mm long at downstream end

;ﬂ—[h = , * =5 - modified from 3 cells config. to
u R IHI 2 cells config
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_Polarisation measurement

‘ Nu‘CIear Magnetlc Resonance V(NMF*{)”A’ S

A polarisation is proportional to magnetization of material.
We can measure magnetic susceptibility by NMR.
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_Polarisation measurement

| N U‘C lear M agn étIC Reso N an"ce (N M F*{) I

A polarisation is proportional to magnetization of material.
We can measure magnetic susceptibility by NMR. target cells

| j N /\\
[ N
- Synthesiser PTS250 sweeps | L | [ |-

106.4 + 0.3 MHz and causes NMR. 10 NMR colls
| DC offset card
. wa Li 1 > — - scope

- DC offset is subtracted from outputs e Q-mete e awwsspote & BN VIFLT] ey
of Q-metel‘. % m—%—ﬂ 16 chADC 16bit|¢ Z
. L. frequency control 12:it o6 o doal] 9
- Signals are converted to digital and oo 0K X
recorded [ ] —DAQby LabView [ Lmoed Ko

 I—
== Data strage

Ethernet cable

Servers <

Diagram of pol. measurement system
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_Polarisation measurement

| N UUC | ear M agn étIC Res’o N a'n'ce (N |V| F*{) I

A polarisation is proportional to magnetization of material.
We can measure magnetic susceptibility by NMR.

target cells

| j N /\\
[ N
- Synthesiser PTS250 sweeps | L | [ |-

106.4 + 0.3 MHz and causes NMR. 10 NMR colls
| DC offset card
. wa Li 1 > — - scope

+ DC offset is subtracted from outputs Gt | Qumeter ->—2Cm e —
of Q-metel‘. % m—%—ﬂ 16 chADC 16bit|c Z
. L. frequency control 12‘bit o6 o doal] 9
- Signals are converted to digital and oo 0K X
recorded [ ] —DAQby LabView [ Lmoed Ko

—
== Data strage

Ethernet cable

Servers <

Diagram of pol. measurement system

Polarisation is proportional to the area of NMR signal:

Prg

® @)
P T w)dw where
DNP f°° T (w)dw DNP( ) Pte: Polarisation at
0 TE 0 e
thermal equilibrium state

need to be measured | : Intensity of NMR signal
= Thermal equilibrium calibration
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Polarisation

-20
-40—
-60—
_80—
I i upstream cell
] i
Jul/23 Jul/30
02:00 02:00

1. Pol. in long. direction for 1 day
— Pol. reaches ~ 80%

L1

.

L

.lllllllll.

.llllllll.’.

Augj/Oé
02:00

upstream cell downstream cell

Solenoid 2.5 T,
same as beam axis
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Polarisation

06T
-20 .
| : Solenoid 2.5 T,
e . same as beam axis
60— —
_80— —]
: upstream cell =
Jul23 Jul/30 Aug/06
02:00 02:00 02:00

1. Pol. in long. direction for 1 day
— Pol. reaches ~ 80%

2. Pol. rotation from long. to transv.
direction, keep pol. with frozen mode
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1 no pol. measurement  §
¢ pol. decreases exponentially :

P = Pye t/™

= relaxation time

..lllll.

upstream cell downstream cell
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o

Dipole
06T
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Polarisation
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upstream cell

Jul/23 Jul/30 Aug/06
02:00 02:00 02:00

1. Pol. in long. direction for 1 day
— Pol. reaches ~ 80%

2. Pol. rotation from long. to transv.
direction, keep pol. with frozen mode

3. Physics data taking for 1 week, no pol.
measurement
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Polarisation

-20
| | Solenoid 2.5 T,
~40r . same as beam axis
60— —
_80— 1
: upstream cell =
Juli23 Jul/30 Aug/06
02:00 02:00 02:00
1. Pol. in long. direction for 1 day 4. Pol. rotation from transv. to long. for
— Pol. reaches ~ 80% relaxation time measurement

2. Pol. rotation from long. to transv.
direction, keep pol. with frozen mode

3. Physics data taking for 1 week, no pol.
measurement
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Solenoid 2.5 T,
same as beam axis
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Polarisation

[
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—60+—
_80—
: upstream cell |
Jul/23 Jul/30 Aug/06
02:00 02:00 02:00
1. Pol. in long. direction for 1 day 4. Pol. rotation from transv. to long. for
— Pol. reaches ~ 80% relaxation time measurement
2. Pol. rotation from long. to transv. 5. Repeat step 1 - 4 with opposite pol.
direction, keep pol. with frozen mode configurations

3. Physics data taking for 1 week, no pol.
measurement
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coil3
Thermal equilibrium measurements o%waw% T =
were performed at - % ]
_ ~0.051— \ y 7
- 0.99 K, twice i . ! -
i ‘ i ]
. 1.28K o L -
o S )
« 147K 20151 - 4
s [ t -
Accuracy was about 1 - 2% = sl h
B bl  TE @0.99K ]
: :
-0.3— v —
_I 1 | | I | | I | | I | | I | | I | |_
106.1 106.2 106.3 106.4 106.5 106.6 106.7

Frequncy (MHz)

NMR signal of coil3
In thermal equilibrium state
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coil3
Thermal equilibrium measurements A
were performed at - % ]
_ ~0.051— \ y 7
- 0.99 K, twice i . ! -
: L -
- 1.28 K s v E
o i : ]
« 147K 20151 - 4
g s i
Accuracy was about 1 - 2% < Ll h
i 2 e TE @099K i
-0.25 :— ‘ . e Emptycell @ 0.97 K —:
0.3 b ;i
_I I 1 1 | I O | I O | I O | I O | I O |_
Empty cell measurement 106.1 1062 106.3 1064 1065 106.6 106.7

Frequncy (MHz)
- Protons in target cell ( not polarizable ) contribute to NMR signal.

- Measurement without NH3 performed at 0.97 K.
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7"_Thermal equilibrium calibration
coil3
Thermal equilibrium measurements T T
were performed at - 2 ]
| ~0.05 1 =
- 0.99 K, twice i S ]
i o i
- 1.28 K s Voo E
g T L ]
« 1.47 K 20151 - .
£ [ ]
Accuracy was about 1 - 2% = sl Lo h
E ;. f e TE. @0.99K E
-0.25 B S; ‘5 e Emptycell @0.97K | |
E g e T.E. - Empty cell E
0.3~ ¥ —
_I I | I O | I O | I O | I O | I O |_
Empty cell measurement 106.1 1062 106.3 106.4 1065 106.6 106.7

Frequncy (MHz)
- Protons in target cell ( not polarizable ) contribute to NMR signal.

- Measurement without NH3 performed at 0.97 K.
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Thermal equ u111br1um callbrauon o

V4
,,,,,,,,,,

Calibration Statistical Systematic

Coll Constant Error (%) Error (%)
1 0. 3.

. 2 ~17.71 1.70 3.15
3 ; 3 -27.36 0.47 3.15
o L] [ | 4 ~21.33 1.14 3.15
= v 5 ~33.40 0.22 3.15
SO S S S wor et | ° ~15.06 .20 3. 15
G 7 - 9.00 1.77 3.15

s 8 -17.55 0.36 3.15

o- - 9 -14.70 0.58 3.15
‘ 10 -36.22 0.37 3.15

Signal area = (Calibration constant) / T

Signal area
| 'I\) |
T

o > Statistical errors in 2015 are
better than ones in 2011 by 1 - 2%.

co v by b b e e oy T
0 02 04 06 0.8 1
(Temperature) ' (K™
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“ Polarisation

e upstream cell
] e downstream cell
80—
n [\ phr\ ]
60/ =
40/ =
R e e = % L S ’ —
s [ R | -
8 ofii bii i1 QiEg 1 A 1 -
8 [ i S -
C onl i 3 —
- I n
—40— ]
—60_— ]
- / /VL/ MW/WWW/VLV -
8o~ |/ \/\/ 44 k V\/ E
] | L | L | L | | | | | | | | | | L1

03/Aug 02/Sep 02/Oct 01/Nov
Date

Averaged polarisation cell by cell

04/Jun 04/Jul

Maximum Polarisation Typical polarisation during phys. data taking
upstream @ 82.7% , -86.0% upstream : 74.2%,-71.4%
downstream : 79.3% , -77.8% downstream : 69.2% , -67.0%
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e Measured point « Polarisation is measured in
In longitudinal mode |Ongitudina| mode

e First (Last) point in physics run
(not measured) +  Magnetic field is rotated from

longitudinal to transverse

$
 Polarisation decreases

exponentially while physics data
taking :

P = Poe_t/" T : relaxation time

Polarisation

Time
A sketch of polarisation % 0.5% pol. loss was observed
and relaxation time due to field rotation
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/" Relaxationtime

Averaged relaxation time of * Relaxation time depends

each cell and each polarity. on up-/downstream and
nositive/negative pol.

- Relaxation time was
typically 1000 hours.

Upstream

« Relaxation time of
Downstream downstream cell is shorter
(h) than upstream cell.
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" Relaxation time with and without —

Averaged relaxation time of * Relaxation time depends

each cell and each polarity. on up-/downstream and
nositive/negative pol.

with beam

 Relaxation time was

Upstream typically 1000 hours.

« Relaxation time of
Downstream downstream cell is shorter
(h) than upstream cell.

Relaxation time of each cell
and each polarity without beam.

« Relaxation time without
beam is longer than
with beam

without beam

Upstream
= Effect of beam exists

Downstream
(h)
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7 ) Relaxatlon time : Comparison between past results

Magnetic Maximum

D L LR field (T) polarisation

Relaxation time (h)

SMC U

WIS 190Gey  OFP 0-5 >00
2007 | GO“GeV OLD 0.6 93, -95 4000
2010 B 60”GeV OLD 0.6 87 , -87 9000
2015 rgaodgg\’/ NEW 0.6 82 , -86 1000

OLD material was made in 1996 or earlier.
NEW material was made in 2011.

Although using high intensity hadron beam in 2015,
we achieved to obtain high proton polarisation.
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3
/77 Summar

Target material NH3, target cell, M.W. system and pol.
measurement system were presented.

Polarisation is build up with DNP method and measured by
NMR technigue in COMPASS.

Thermal equilibrium measurement and empty cell
measurement were performed.

Polarisation and relaxation time in 2015 were presented.

» Polarisation
v Polarisation ~ 80% was obtained after 24 h building up.
v Typical polarisation in physics data taking was 70%.

» Relaxation time
v Typical relaxation time was 1000 h.
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