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Old Method

Double ratio

Acc =
Nh_rec/NDIS_rec

Nh_gen/NDIS_gen

=
Mrec(from rec DIS)
Mgen(from gen DIS)

As used in April 2013 release, but error estimation more complicated
Assumption: hadron and DIS events are independent

Ah =
Nh_rec

Nh_gen
and ADIS =

Ndis_rec

Ndis_gen

∆Acc = ∆(Ah/ADIS) = Ah/ADIS ×
�

((∆Ah/Ah)2 + (∆ADIS/ADIS)2)
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New Method

Single ratio

Acc =
Nh_rec(from rec DIS)
Nh_gen(from rec DIS)

Advantage: Easier error estimation and muon acceptance is out

(∆Acc)2 =
(A + 1)(G − A + 1)
(G + 2)2(G + 3)

with A for accepted events and G for generated events
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Comparison Old/New for h+
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New for h+/− with muon acceptance
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Closer Look 2,4
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Closer Look 7,4
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Acceptance Comparison

Acc =
Nh_rec/NDIS_rec

Nh_gen/NDIS_gen

=
Nh_rec(z)
Nh_gen(z)

·
NDIS_gen

NDIS_rec

vs.

Acc =
Nh_rec(z)(from rec DIS)
Nh_gen(z)(from rec DIS)

Where the blue numbers are the same!
Why do we see a z-dependence?
Looking at acceptance(φµ) in correlation of the hadron angle and z
Under construction, discussion with DVH
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gen vs genrec

h_z_gen_rec
Entries  1962067
Mean   0.3681
RMS    0.1443

0.2 0.3 0.4 0.5 0.6 0.7 0.8

50

100

150

200

250

300

350

400

450

310× h_z_gen_rec
Entries  1962067
Mean   0.3681
RMS    0.1443

h_z_gen_rec

gen_rec and gen(scaled)
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Muon Phi Distribution
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Using Only h+/−Acceptance

RICH not simulated in MC
Track reconstruction not sensitive on PID (p, K, π)
Using different Ph cuts (in GeV)

10 < Pπ < 40 und 12 < PK < 40

Using unidentified hadron acceptance (10-40 GeV) for h and π
and unidentified hadron acceptance (12-40 GeV) for K
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Pt of Pions and Kaons

Pt
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Pt vs. z for Pions
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Pt vs. z for Kaon
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Multiplicites

Factorisation theorem
SIDIS cross section in leading-twist

Hard scattering cross section
Parton distribution function

Fragmentation functions

σh =
�

i

σ0 · qi(x) · D
h

i (z,Q
2)

Extraction of FF from hadron multiplicities

M
h(x ,Q2, z) =

1
σDIS

dσh

dx dz dQ2 =

�
q

e
2
q q(x ,Q2)D

h
q(z,Q

2)
�

q
e2

q q(x ,Q2)

Depends on the unpolarised parton distribution functions q(x, Q2)
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DIS Selection

Rescale momentum function
Best primary vertex with

PaAlgo::InTarget()
Target Cells Z cut -59 to -33, -20 to 32 and 39 to 67 (all cm)
PaAlgo::CrossCells()

Outgoing µ� Incoming µ

140 < Beam energy < 180 GeV
Q2 > 1 GeV2

0.1 < y < 0.9
5 < W < 17 GeV
BMS Chi2 Cut flag
Middle trigger correction
Only OT and MT
Radiative correction PaAlgo::GetRadiativeWeigth(x,y,2)
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Stats DIS

All Events
Best Primary 

Reconstr. mu 

Momentum Cuts

Event in Target

Z vertex cut
Cross Cells

Q2>1
0.1<y<0.9

5<W<17 
0.004<xbj<0.7 

Chi2 Cut Flag

Trigger correction
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stats

Nick (phast 133): 15008
Quiela (phast 126): 15009
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Hadron Loop

For unidentified hadron candidates:
Loop over outgoing particles
Reject µ�

ZFirst > 350 cm and ZLast > 350 cm
RICH cuts

0.01 < θ < 0.12
RICH pipe cut

PID with RICH
z cut 0.2 < 0.85
momentum cut 10 - 40 GeV for π
momentum cut 12 - 40 GeV for K

Agree on the raw numbers of π, K and p (±2)
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Summary RICH cuts

Pion
if like(e) > 1.8 like(π)
like(π) > like(K), like(p), like(e), like(bg)
else
like(π) > like(K), like(p), like(bg)
and:
like(π)/like(2cd) > 1.02
like(π)/like(bg) > 2.02

Kaon
if like(e) > 1.8 like(π)
like(K) > like(π), like(p), like(e), like(bg)
else
like(K) > like(π), like(p), like(bg)
and:
like(K)/like(2cd) > 1.08
like(K)/like(bg) > 2.08
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Summary RICH cuts

Proton
above threshold:
if like(e) > 1.8 like(π)
like(p) > like(π), like(K), like(e), like(bg)
else
like(p) > like(π), like(K), like(bg)

bellow threshold (9.5 - 18.9 GeV):
Not a pion or kaon
and
like(p)/like(2cd) > 1.08
like(p)/like(bg) > 2.08
or
all like = 0
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RICH unfolding

Experimental method to extract RICH efficiencies and missidentification
Tagging hadrons from known decays

Λ0 → p + π− for protons, K
0
s → π+ + π− for pions and φ → K

+ + K
− for kaons

RICH table example

π+ → π+ ≈ 98%
π+ → K < 2%
π+ → p < 1%

Hadron momentum dependence




Iπ

IK

Ip



 =




P

π
π P

π
K P

π
p

P
K
π P

K

K P
K
p

P
p
π P

p

K
P

p

p








Tπ

TK

Tp





�T =�I · P
−1

Inverting 3x3 matrices for each bin (2 x 12 x 2)
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Inverted RICH table+

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.015921.010591.009111.016571.02364 1.00896 1.01964 1.01414 1.00655 1.02109 1.08677 1.33216

1.019231.01121.02551.021031.01007 1.02347 1.04564 1.03491 1.02228 1.03497 1.11125 1.27439

10 15 20 25 30 35 40

0.02

0.04

0.06

0.08

0.1

0.12
2006_W40_W462006_W40_W46

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

-0.0002210871.51984e-055.17667e-05-7.47525e-05-3.79484e-050.000329965-0.000480263 -4.7272e-05-0.00223684-0.00486348 -0.0137642 -0.0448613

0.000184985-0.001481360.000187513-0.000883282-0.000926720.00032703-0.00164966-0.000574116-0.00336082-0.00459998 -0.0294407 -0.0737093

10 15 20 25 30 35 40

0.02

0.04

0.06

0.08

0.1

0.12
2006_W40_W462006_W40_W46

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

-0.0121247-0.0100895-0.0089409-0.00917397-0.00368623-0.0119223-0.00901453 2.5996e-07-1.21201e-05-0.000128779 -0.00287148 -0.00246574

-0.0149995-0.0127454-0.0127723-0.0111993-0.00620635-0.0147205-0.0269105 -0.0040648-0.0152304-0.00923222 -0.00528589 0.000304195

10 15 20 25 30 35 40

0.02

0.04

0.06

0.08

0.1

0.12
2006_W40_W462006_W40_W46

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0.007299870.00336301-0.00139431-0.000809461-0.000390645-2.75518e-05-0.000830963 -0.00107475-0.00195167-0.00330502 -0.0067309 -0.0122064

0.004057530.000685722-0.00219662-0.0007477980.000297962-0.000644371-0.0027807 1.22558e-059.76368e-05-0.00335928 -0.018996 0.000335316

10 15 20 25 30 35 40

0.02

0.04

0.06

0.08

0.1

0.12
2006_W40_W462006_W40_W46

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.396611.112851.064131.0382 1.03275 1.00721 1.00914 1.02074 1.02392 1.02475 1.03908 1.08026

1.278281.066091.053871.045751.03137 1.03685 1.03389 1.00894 1.01281 1.00474 1.11063 1.14504

10 15 20 25 30 35 40

0.02

0.04

0.06

0.08

0.1

0.12
2006_W40_W462006_W40_W46

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

-0.122791-0.0650632-0.0314528-0.028065-0.0231913-0.0158645-0.00727654 -0.00561331-0.00654726-0.00399514 -0.00490818 -0.00397361

-0.0805835-0.0375685-0.0289996-0.0270811-0.0211523-0.0227156-0.0157529 -0.00542949-0.0115537-0.00351364 -0.0349336 -0.0701984

10 15 20 25 30 35 40

0.02

0.04

0.06

0.08

0.1

0.12
2006_W40_W462006_W40_W46

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

-0.215026-0.154329-0.0859516-0.0824053-0.077607-0.131132-0.0281677 -0.0385211-0.0454716-0.0393271 -0.0014982 0.00010054

-0.144264-0.096837-0.0409391-0.0244763-0.02898135.85089e-05-0.00115511 -0.00232038-0.00842955-0.0166133 0.000283065 -0.00481849

10 15 20 25 30 35 40

0.02

0.04

0.06

0.08

0.1

0.12
2006_W40_W462006_W40_W46

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

-0.025686-0.00993573-0.0200639-0.0174479-0.0399367-0.0987823-0.0192758 -0.00987247-0.0110744-0.0173926 -0.00706491 -0.00941526

-0.0280031-0.0354937-0.0279074-0.0357189-0.0370429-0.0941887-0.0213717 -0.0124197-0.0026866-0.00634926 -0.0165512 -0.00957208

10 15 20 25 30 35 40

0.02

0.04

0.06

0.08

0.1

0.12
2006_W40_W462006_W40_W46

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

2.126322.027241.747961.729651.73007 3.5692 1.21385 1.09234 1.0791 1.05583 1.02983 1.06134

1.969951.723211.552731.466981.46131 2.97395 1.13555 1.03203 1.01277 1.07438 1.03053 1.01299

10 15 20 25 30 35 40

0.02

0.04

0.06

0.08

0.1

0.12
2006_W40_W462006_W40_W46

N. du Fresne Status



Inverted RICH table−
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Real number of Hadrons

RICH unfolding:
true π = π · P

−1(π → π) + K ·P−1(π → K ) + proton ·P−1(π → proton)

...

...

Radiative correction:
Weighting each hadron with PaAlgo::GetRadWeight(x,y,2)

Hadron acceptance:
Already discussed

H = H · rich(inv) · RAD · 1
acc

N. du Fresne Status


