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The Importance of Diffraction for the EIC

¢ Diffractive physics will be a major component of the e+A program at an EIC

» High sensitivity to gluon density: ¢ « g(x, O%)” due to color-neutral
exchange

» Many (most) key measurements on gluon saturation are in the diffractive
program (inclusive & exclusive)

® Central role: Exclusive vector meson production
e+A—-e'+A'+ Y, Jy,p,p

» Only process to allows to measure momentum transfer 7 in e+A

@ In general, cannot detect the outgoing nucleus and it's momentum

» Momentum transfert = [p, — pa- \2 conjugate to b,
© Measurement of spatial gluon distribution in nuclel



EIC White Paper: Vector Meson Production: do/dt
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Studies performed with diffractive ep/eA generator Sartre based on color dipole
model. Features saturation and non-saturation models.

Heavy mesons less affected by gluon saturation than lighter ones

Can reconstruct F(b) with remarkable precision from coherent do/dt
For WP study assumed: do/dt ~ 5 % (taken from HERA)



Measuringrine+A - e +A'+V

® Note: A’ cannot be measured directly

e’ .Y
¢ Exact Method (E%: : e . : A
» 1= (s —Pa)” = Py + Do =P e
» Matches original 7 used to generate Sartre event
» Note for later: details of A and A" are not relevant in this method
e Approximative Method (A): o <
—> / —> 2 o
» 1= | pe)+ ppV)] e T A
» Ignores any longitudinal momenta —"“ ____________ ZL—
» Method used in HERA A’ Y

» This formula is valid for small ¢ and for small Q7



Simulation Parameters

e Data from Sartre with KWM bSat/bNonSat parameters (same as WP)
» all with x < 0.01

® Energy 18+110 GeV
» s = 89 GeV

e V = J/y from here on



w Good is Method A (no beam/detector effects
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How Good is Method A (no beam/detector effects
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Q2 dependent correction for Method A?
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e This offset is Q2 dependent - vanishes at Q2 ~ 0

e Can this be corrected for? Unfolding, Monte Carlo
e HERA - couldn’t find any attempts to do so

e First studies by Tuomas Lappy (Thanks!)

t> 0.04 GeV?
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Offset in the ranges looked at
here:

Highest at low QO and then gets
less for larger QO but disappears
for photo production 0% — 0



Beam & Machine Properties Affecting Measurements

® The beam size can be expressed in terms of two quantities, one termed the transverse
emittance, € , and the other, the amplitude function, (3.

e Emittance, € ,can be defined as the smallest opening you can squeeze the beam
through, and can also be considered as a measurement of the parallelism of a beam. It
has units of length.

® The amplitude function, [3 , is determined by the accelerator magnet configuration. Of
particular significance is the value of the amplitude function at the interaction point, (3*.

e Sometimes B is referred as the distance from the focus point where the beam width is
twice as wide as a the focus point. 8 has units of length.

e |f B is low, the beam is narrower, "squeezed". If 3 is high, the beam is wide and straight.

B—X-

c/2

Interaction
Point



Beam & Machine Properties Affecting Measurements

e Clearly one wants to be as small as possible; how small depends on the capability of
the hardware to make a near-focus at the interaction point.

® This leads to divergence of the beam.
» Horizontal and vertical divergence

, O, = \/ €. /DE, Oy = /ey/ﬁ;I<

» Typical few hundred urad

e Note: & o 1/)* Note that o, and o), are different so the beam

profile and divergence is an ellipse

Possibly even more important is spread of beam momentum op/p

» This is a beam effect (not a machine effect)
» Typical values are few 10-4

10



e+p

CHAPTER 3. ERHIC DESIGN

vy

098]
@)

Table 3.3: eRHIC beam parameters for different center-of-mass energies /s, with strong hadron cooling. High divergence configura-

tion.

Species proton electron| proton electron| proton electron| proton electron| proton electron
Energy [GeV] 275 18 275 10 100 10 100 5 41 5
CM energy [GeV] 140.7 104.9 63.2 44.7 28.6
Bunch intensity [10'] 20.5 6.2 6.9 17.2 6.9 17.2 4.7 17.2 2.6 13.3
No. of bunches 290 1160 1160 1160 1160

Beam current [A] 0.74 0.227 1 2.5 1 2.5 0.68 2.5 0.38 1.93
RMS norm. emit., h/v [um| 46/0.75 845/72 12.8/0.45 391/24 |4.0/0.22 391/25 |2.7/0.27 196/20 |{1.9/0.45 196/34
RMS emittance, h/v [nm] 16/2.6 24/2.0 |9.6/1.5 20/1.2 | 37/21 20/13 | 25/2.6 20/2.0 | 44/10 20/3.5
B*, h/v [cm]] 90/4.0 59/5.0 | 90/4.0 43/5.0 | 90/4.0 167/6.4| 90/4.0 113/5.0| 90/7.1 196/21.0
IP RMS beam size, h/v [um] 119/10 93/7.8 183/9.1 150/10 198/27

Ky 11.8 11.9 20.0 14.9 7.3

RMS A0, h/v [urad] 132/253 202/202|103/195 215/156|203/227 109/143|167/253 133/202|220/380 101/129
BB parameter, h/v [107°] 3/2 100/100| 14/7 73/100 | 10/9  75/57 | 15/10 100/66 | 15/9  53/42
RMS long. emittance [107>, eV -sec] 36 36 21 21 11

RMS bunch length [cm] 6 0.9 6 2 7 2 7 2 7.5 2
RMS Ap/p [1074] 6.8 10.9 6.8 5.8 9.7 5.8 9.7 6.8 10.3 6.8
Max. space charge 0.006 neglig. | 0.003 neglig. | 0.028 neglig. | 0.019 neglig. | 0.05 neglig.
Piwinski angle [rad] 5.6 0.8 7.1 2.4 4.2 1.2 5.1 1.5 4.2 1.1
Long. IBS time [h] 2.1 3.4 2 2.6 3.8

Transv. IBS time [h] 2 2 2.3/2.4 2/4.8 3.4/2.1
Hourglass factor H 0.86 0.86 0.85 0.83 0.93
Luminosity [10>3cm™2sec™] 1.65 10.05 4.35 3.16 0.44

preCDR Numbers, see https://wiki.bnl.gov/eic/upload/EIC.Design.Study.pdf

11



e+p

Table 3.4: eRHIC beam parameters for different center-of-mass energies /s, with strong hadron cooling. High acceptance configura-

tion.

Species proton electron | proton electron| proton electron| proton electron| proton electron
Energy [GeV] 275 18 275 10 100 10 100 5 41 5
CM energy [GeV] 140.7 104.9 63.2 44.7 28.6
Bunch intensity [10'] 19.53 6.248 6.9 17.2 6.9 17.2 4.7 17.2 2.6 13.3
No. of bunches 290 1160 1160 1160 1160
Beam current [A] 0.71 0.227 1 2.5 1 2.5 0.68 2.5 0.38 1.93
RMS norm. emit., h/v [ym] 49/0.62 845/42.312.8/0.45 391/22 |{3.5/0.25 391/27 |2.7/0.27 196/20 {1.9/0.45 196/34
RMS emittance, h/v [nm] 16.7/2.1 24.0/12|9.6/1.5 20/1.1 | 33/24 20/1.4 | 25/2.6 20/2.0 | 44/10 20/3.5
B*, h/v [cm]] 395/4.0 274/7.0 |227/4.0 109/5.5|102/4.0 169/6.8| 90/4.0 113/5.0| 90/7.1 196/21
IP RMS beam size, h/v [um] 256/9.2 148/7.8 184/9.7 150/10 198/27

Ky 0.036 18.9 18.9 14.9 7.3

RMS A6, h/v [urad] 65/229 94/131 | 65/196 135/143|180/243 109/143|167/253 133/202|220/380 101/129
BB parameter, h/v [10~°] 3/1 100/71 | 14/5 75/71 | 11/8  75/57 | 15/10 100/66 | 15/9  53/42
RMS long. emittance [1072, eV-sec]| 36 36 21 21 11

RMS bunch length [cm] 6 0.9 6 2 7 2 7 2 7.5 2
RMS Ap/p [1074] 6.8 10.9 6.8 5.8 9.7 5.8 9.7 6.8 10.3 6.8
Max. space charge 0.006 neglig. | 0.003 neglig. | 0.027 neglig. | 0.019 neglig. | 0.05 neglig.
Piwinski angle [rad] 2.6 0.4 4.5 1.5 4.2 1.2 5.1 1.5 4.2 1.1
Long. IBS time [h] 2 3.4 2 2.6 3.8

Transv. IBS time [h] 2 2 2.0/3.0 2/4.8 3.4/2.1
Hourglass factor H 0.88 0.87 0.85 0.83 0.93
Luminosity [10>3cm~2sec™] 0.83 6.4 4.07 3.16 0.44

LNOAV'I XA TdWOD ANV SHLLISONIN'T ‘SAAIANVIVd WVHI ‘1€

66
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Z
e +A u Lcé Table 3.5: eRHIC beam parameters for e-Au operation for different center-of-mass energies /s, with strong hadron cooling.
a
) Species Auion electron | Auion electron | Auion electron | Auion electron
% Energy [GeV] 110 18 110 10 110 5 41 5
o CM energy [GeV] 89.0 66.3 46.9 28.6
% Bunch intensity [10'°] 0.08 7.29 0.05 17.2 0.05 17.2 0.036 17.2
%C No. of bunches 290 1160 1160 1160
5 Beam current [A] 0.23 0.26 0.57 2.50 0.57 2.50 0.41 2.50
RMS norm. emit., h/v [um] 51/0.7 705/20 | 5.0/04 391/20 | 5.0/04 196/20 | 3.0/0.3 196/20
RMS emittance, h/v [nm] 43.2/5.8 20.0/0.6 | 42.3/3.0 20.0/1.0 | 42.3/3.0 20.0/2.0 | 68.1/5.7 20.0/2.0
B*, h/v [cm]] 91/4 196/41 91/4 193/12 91/4 193/6 90/4 307/11
IP RMS beam size, h/v [um] 198/15 196/11 197/11 248/15
Ky 0.077 0.057 0.056 0.061
* RMS A8, h/v [purad] 218/379 101/37 | 216/274 102/92 | 215/275 102/185 | 275/377 81/136
BB parameter, h/v [10°] 1/1 37/100 3/3 43/47 3/2 86/47 5/4 61/37
RMS long. emittance [1072, eV-sec] 16 16 16 16
RMS bunch length [cm] 7 0.9 7 2 7 2 11.6 2
* RMS Ap/p [1074] 6.2 10.9 6.2 5.8 6.2 6.8 10 6.8
Max. space charge 0.007 neglig. 0.008 neglig. 0.008 neglig. 0.038 neglig.
Piwinski angle [rad] 4.4 1.1 4.5 1.2 4.5 1.5 5.8 1.2
Long. IBS time [h] 0.33 0.36 0.36 0.85
Transv. IBS time [h] 0.81 0.89 0.89 0.16
Hourglass factor H 0.85 0.85 0.85 0.71
Luminosity [10*°cm ?sec™!] 0.59 4.76 4.77 1.67
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e+Au

Table 3.6: eRHIC beam parameters for e-Au operation for different center-of-mass energies /s, with stochastic cooling.

Species Auion electron | Auion electron | Auion electron | Auion  electron

Energy [GeV] 110 18 110 10 110 5 41 5

CM energy [GeV] 89.0 66.3 46.9 28.6

Bunch intensity [10%°] 0.10 7.29 0.10 30 0.08 30 0.09 30

No. of bunches 290 580 580 580

Beam current [A] 0.29 0.26 0.57 2.18 0.44 2.18 0.50 2.18

RMS norm. emit., h/v [um] 20/20  845/60 | 2.0/2.0 391/102 | 2.0/20 196/63 | 2.0/2.0 196/113

RMS emittance, h/v [nm] 16.9/169 24.0/1.7 | 169/169 20.0/5.2 | 16.9/16.9 20.0/6.4 | 45.4/454 20.0/11.5

B*, h/v [cm]] 288/12  203/116 | 91/12 77/39 146/12  113/31 | 149/50  339/196

IP RMS beam size, h/v [um] 221/45 124/45 157 /45 261/150

Ky 0.202 0.363 0.284 0.577
» RMS A0, h/v [urad] 77/380  109/38 | 136/376 161/116 | 108/380 127/144 | 174/302 77/77

BB parameter, h/v [107°] 3/1 35/100 11/4 66/93 11/3 100/96 9/5 100/100

RMS long. emittance [1073, eV-sec] 64 64 64 64

RMS bunch length [cm] 15 0.9 18 2 18 2 18 2
sl RMS Ap/p [10] 10 10.9 10 5.8 10 6.8 13 6.8

Max. space charge 0.001 neglig. 0.001 neglig. 0.001 neglig. 0.007 neglig.

Piwinski angle [rad] 8.5 0.5 18.1 2.0 14.3 1.6 8.6 1.0

Long. IBS time [h] 2.65 2.65 3.39 2.02

Transv. IBS time [h] 1.02 0.80 1.32 0.93

Hourglass factor H 0.54 0.54 0.54 0.65

Luminosity [10¥cm~2sec™!] 0.14 2.06 1.27 0.31

LNOAVT XATdINOD ANV SHILISONINANT ‘SHALANVIVId WVHL 'T°€

T[0T



How to simulate (1)

e Most generators, including Sartre, have only beams with O crossing angle

S e’ .Y
e A
& ’0‘
A V
ldeal case | Nature & collider do this but
Generator does this we don’t know the details and
assume it looks like this:
S!!
In the experiment this affects the way e’ .Y
we calculate t. We can only assume o A
nominal beam energy and O divergence. — it
Depending on method this smears t 4 4

15



How to simulate (ll)

® |SSue

» Cannot transform (via Lorentz boost) S = &’
» The two system have different (Lorentz invariant) features, e.g. Vs and ¢

o Strategy:

e’ ¥
e A
— . e
o <
A’ \Y
Instead of this we use this scenario

Instead of using the “wrong” initial state and the correct final state we are using the
correct initial state but the "wrong” final state

* Pros: can use final state from generator which gives coherent physics picture and all
variables are known

* Cons: does not give the most precise smearing numbers

16



How to simulate (ll1)

How are the different methods affected?
e Method E

2
y 1 = (pV +pe’_pe)
» py Is taken from generator
» P, is staken from generator

» P, Is smeared using divergence and beam momentum spread
e Method A

vt = (p'(e) + P (V)
» p (€’) is taken from generator

» p (V) is taken from generator

» In S and S’ this method is not affected by smearing
» Despite it's shortcoming it is more robust

17



Effect of beam smearing on method E

Here divergence only
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0.06 Std Dev y 0.04967 0.08 - Std Dev y 0.06098
C Underflow 0 0.06 I Underflow 0
0.04 - I
N T 5 30 —
~ I . (o] 0.04 I o
0.02 0.7% 0.6% N\ . 6.5% o o
S~ I H||||||| A 0.02[H 0.7% 0.6%
) N o I |||||||||||||||||||||||||||IIIIIIIIIIIIIIIIIIIIIII||||||||||||||||||||||||||||||||||||| ~ H H| ||||||
] |||||||||||||||||||||||||IIIIIIIIIIIII||||||||||||||||||||||||||||||||||||||||||||| n I TN RN N IR RN TN RN NN NSNS ITNINININ TN E I TINE NN NTY
0() i HHHHHH' Y~ OfF HH T T T T T T T e T T T e T T e e e
N~ -0 (Q ~0.02[F
': v |
-0.04 - ~0.04 |
-0.06 |- ~0.06 -
-0.08 _—r [T T T TR SR TR N TN SN SR SN SN AN S SN T S S S S S S S S S S N [ T T -0.08 =
O 002 004 006 008 01 014 0 16 018 __ 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18

1] (GeV?)

Small/moderate effect
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Effect of beam smearing on method E

Here beam smearing only

delta_t/t versus t

1.5

Q2 < 0.01 GeV?

dtt_vs t

Entries

0.5

-0.5

-1.5

Mean x
Mean y
Std Dev x
Std Dev y

664447
0.02293
0.1206
0.03955
0.629

318717

0

302422

43308

[=)[=)[=]

0

0

ot/t

Profile dt/t

7] (Ge

1 1
0.12

V?)

0.14

dit_ vs_t p

rof

Entries

1

0.8

0.6

0.4

0.2

0

(Ot/t)

-0.2

-0.4

-0.6

12.4%

-

Mean
Mean y

Std Dev
Std Dev y

Underflow

345730
0.02293
0.1206
0.03955
0.629

0

6.7%

[ = (pV+pe’ _pe)2

delta_t/t versus t

ot/t

1.5

1 <Q2<10 GeV?2

dtt_vs t

Entries

0.5

-0.5

Mean x
Mean y
Std Dev x
Std Dev y

4.914074e+07

0.04367
0.1403
0.05186
0.6522

35285116

62945

022108e4

0571588

o

0

s |21

& L
Illll

-1.5

Profile dt/t

(Ot/t)

dtt_vs_t_prof

Entries

1

0.8

0.6

0.4

0.2

0

-0.2

-0.4

-0.6

Mean
Mean y
Std Dev
Std Dev y

Underflow

1.379267e+07

0.04367
0.1403
0.05186
0.6522
0

| (Ge

0.12

V2
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Effect of beam smearing on method E

Here beam smearing and divergence

Q2 < 0.01 GeV?

| delta_t/t versust | s L
151 % % é %MII:%: 00000000

~gir. B

~ = £

= %

| Profile dt/t | ‘ t ‘ (Gevz) VS P
. T

/\ UUUUUUUUU

Ny .

‘05 387% 12.5% 6.8%

S i

Method E does
not work!!!

[ = (pV_I_pe’ _pe)2

1 <Q2<10 GeV?2

74e+
1.5 = = = = =T = T ¥ ¥ T T T T T |Meanx  0.04367
&= E £ £ £ £ £ £ £ £  § § § & 0.6523
£ £ E £ £ £ £ £ £ I £ £ i & [oloweserd eoe
| E E E E £E E E E E E E £ £ £ [ o1lo22133edn 871610
w ®E=E EE £ £ £ £ £ £ £ £ £ £ £ Tz
~ 0%%%%%%%%%%%%%%%%%%
§5333555=
-1 = § E § §E § § § § £ § § £ § § & &
...................................
>0 0.1
[ Profile dt/t | ‘ l" (Ge \/ ) Vs L
Entries  1.379294e+07
[ Mean @ 0.04367
o Mean y
100%  lsdpv o
0.8 H+ StdDevy = 0.6523
UUUUUUUUU
44%
I T T [ S T SO N TN TN SR AN TN N T AN SO TN TN N TN SN SN NN TN TR SRR NN T TR TR A T N

Results are so bad it takes method E off the table
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Why is Method E Failing?

2 2
ot = (Pa—Pa)" = Py + Do)
® we are subtracting large numbers

e even little fluctuations have large effects
since t I1s small

e The effect of the momentum spread is the
overwhelming cause of the devastating ¢
resolution. Divergence Is a minor problem
for t with method E.

at 1| =0.18 GeV?

beam divergence
Method A to the rescue

coherent

hc_s nosat

eeeeeeeeeeeeeeeeeee

1045—

" Jdt (Nb/GeV*)

103§

10%E

= C T MU T

10

dO\U T M\u

— b On [ s}
< [ o Ll
5
1 e (] S -
— << E
— © -

— o
_q T 101
107 &

o coherent - no saturation

o incoherent - no saturation

= coherent - saturation (bSat)
¢ incoherent - saturation (bSat)

0000000

SSSS

L GLdh
Vo, OB <@ S& e
- @ e

1075

Q2< 0.01 GeVZ2

2 |
O 002 004 006 0.08 0.1 0.12 0.14 0.16 0.18

It (GeV?)

1<Q2<10 GeV?

(not affected by any of beam momentum

spread

the issues that kill E) -
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Tracking Resolution

. o 7 Pt Oy . 720
Precision term: - — ! \/
pT 03 L2 B N“ 4

meas

0. 0.05 L L
MS term: = = \/1.43— [1 + 0.038 log —]

LB X, X,
Pr M p 0 0

. GPT GPT GPT
Total Track momentum resolution: — = — b —

Pr Pr e Pr MS

where

o 0, IS point resolution in meter e N are number of measurements (hits)

e [.is lever arm in meter * /) velocity of particle
e Bis magnetic field in Tesla o X, is gas/material density in meter



Start Values and Ballpark Numbers for Simulations

Examples: gy BT
o B=025 T (haltfield) o Z§::::::::::::é::::::f:::f::::??:::::?::::::::::?;::::?::::::?::é:::::::::f::::.E::::?:::::f:ff;;;?é;éé;&é@g@@

STAR TPC: ﬁ( %)=156 p, @ 2.74 :E2::::::é:::::::::::::::::?:::::?::fffﬁwf?@??@:?%:?:i::?:::::::::i::
T : . I
- B=0.5 T (full field) 1__ __________________________________ STARTPC _____

STAR TPC: —=(%) = 0.78 p; @ 1.37 b e T e
T N.B.

) AITEIC, B=3 T (full field) Important to consider if

EIC Handbook 7] < 1:—2(%) = 0.05 p; @ 0.5 oty Ve, Slobal traks)

Pt o

FIC Handbook —2.5 < 7 < — 1.0: —=(%) = 0.05 pr @ 1.0

Pr

GPT

EIC Handbook —3.5 <#n| < —=25:—(%)=0.1 p; & 2.0
Pr 23



Kinematics J/y
1<Q2<10 GeV?2

VM daughter P h_vmd_pt VM daughter eta h_vmd_eta
- T Entries 3.761617e+07 3 Entries 3.761617e+07
1400 >:IO Mean 1.339 >_<10 Mean -0.8294
- Std Dev 0.5751 - Std Dev 1.322
B Underflow 0 B Underflow  4.221e+04
1200\~ 10001~
1000~ 800
800 B
i 600
600 :
i 4001~
400 -
200 B 200
0||||||||||||||||||||||||||||| ||||||||||||||| 0 ||||||||||||||||||||||||||||||||||||| |||||
0 05 1 15 2 25 3 385 4 45 5 5 4 3 -2 - 0 1 2 3 4 5
VM p pT h_vm_pt VM eta ] h_vm_eta
T Entries  1.880808e+07 3 Entries  1.880808e+07
x10 x10
B Mean 1.281 L Mean -1.413
1000 Std Dev 0.501 4505_ Std Dev 1.668
Underflow 0 N Underflow  1.607e+05
400
800 350
300
600 -
250
200
400 -
150
200 100
50
OIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIII O:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIII
0 05 1 15 2 25 3 35 4 45 5 5 4 3 -2 A 0 1 2 3 4 5

PT

"

Q2< 0.01 GeV?2

VM daughter eta h_vmd_eta

Entries 364178

o Mean -2.379

14000 __ Std Dev 0.9967

- Underflow 2905
12000
10000
8000
6000
4000
2000|—

O IIIIIIIIIIIIIIIIIIIIIIIIIIII ILIIIIIIIIIIIIIII

5 4 3 -2 A 0 1 2 3 4 5

n

h_vm_eta

VM daughter p h_vmd_pt
T Entries 364178
45000__ Mean 1.144
B Std Dev  0.3762
[ Underflow 0
40000
35000
30000
25000
20000}
15000
10000
5000 |~
O-IIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0O 05 1 15 2 25 3 35 4 45 5
Vi p PT AT
T Entries 182089
- Mean 0.1097
il Std Dev 0.1423
70000 1‘ Underflow 0
60000
50000
40000
30000
20000
10000
O:I‘I.:TFI\LIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0O 05 1 15 2 25 3 35 4 45 5

PT

2500

2000

1500

1000

500

0

Entries

Mean

Std Dev

182089
-4.407
0.31

Underflow 1.572e+05

s 4 3 2 1 0 1 2 3 4 5

"
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Where do the scattered electrons go?

e 1<Q2<10 GeV?

* Q2<0.01 GeVZ2

|Scattered ep h_eout pt
X TU T Entries 2.280131e+07
1600 F— Mean 1.482
B Std Dev 0.4475
1400 '_ Underflow 0
1200 f—
1000 f—
800 |—
600 |—
400 |—
200 f—
O_IIIIIIIJIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIII
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Bcattered e p h_eout pt
<TO T Entries 459620
- Mean 0.01417
450 Std Dev  0.009524
Underflow 0
400
350
300
250
200
150
100
50
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

PT

Scattered e eta h_eout_eta
x103 Entries 2.280131e+07
3000 Mean -3.076
- Std Dev 0.3082
B Underflow 0
2500 |-
2000 |—
1500 |—
1000 |—
500 |—
O_IIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
-5 4 -3 2 —1 0 1 2 3 4 5
Scattered e eta h_eout_eta
Entries 459620
- Mean -4.516
Std Dev  0.4665
80000 Underflow 0
70000
60000
50000 [
40000 |—
30000 |—
20000 |~
10000 —
O:llllllll IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
-5 ) -3 2 —1 0 1 2 3 4 5

n

£O



Detector Constraints - Directions

® Q2 <0.01 GeV2 (Photoproduction)
» Constraints tracking in the backward (e-going) region

e —35<n<—-1.5
@ pT > 05
» Smearing of scattered electron does not matter since pt~ 0

® 1<Q2<10 GeV2
» J/y Constraints tracking in the central (barrel) region

o |n| <~ 1.5
®© Pr > 0.5
» Smearing of scattered electron does matter
e —3.5<n< -2
o pr> 1 GeVic
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Impact of Tracking Resolution on Method A

O
Start with: —( %) = 0.05 p; @ 0.5 1<Q2< 10 GeV?

Pr

Handbook value for barrel region =l -

Entries Entries

: w2l 12000F : i
- Std Dev . - Std Dev A - Std Dev .
;OOOO o Underflow436e+05 B Underflow 8 9000 E Underflow 0
30000 10000}~ o 8000 —
70000 4000 :1 O /O 7000 E_
i [ 6000F-
50000 [ :
: i 5000
delta t/t versus t dtt_vs_t ;
— : B 4000
Entries 7597250 #0000 4000 3000F
30000 - 1
05 Mean x 0.0161 : - 2000F
20000 2000¢ J000E
Meany -0.05811 F i 3
[Lo 1[0 10} M Y PR Y FYRRY FTTT1 FETTI FUTTE FTTT1 FETTI FOOT) 1 IR ERETI PRI FNRT1 RN AT IO L L
-05 -04 03 -02 -0.1 O 0.1 02 03 04 05 —(b 5 —0 4 -03 02 -01 0 0.1 0.2 03 O. 4 O 5 —Q).S -04 -03 -02 -01 O 0.1 02 03 04 05

0.4 Std Dev x 0.03388

TR

7000

7000

6000

6000

6000F

-0.3

5000 5000 o

5000

4.3%

4000F

4000

3000

0.4

3000

A S S S Std Devy 0.2074 [Sice7s | [slice9-10 [Sliceo-i0 | [slice11-12] [Slicet112 |
- - . . . . . Entries 116582 Entries 105809 Entries 91581
- . X . : : : . -4 5 Mean -0.01954 - Mean  -0.0189 = Mean  -0.018
O . 3 - : ; : : ; ; : : ; 0470345 0 9000 s F T 9000 T
- - - . . . . . . . . . . F Underflow 0 9000 2 Underflow 0 8000 :_ Underflow 0
- : : ; ; ; ; ; ; : . : : 0580698576279 8000 8000F- F
= : : : : : ; ; ; ; ; ; : : 7000f : 7000F
0.2 e - ; : ; : ; 0743644 0 : 7000 :
= = - - - : : : : : : : : : ; ; ; 6000 6000 6000f"
- 5000F- 7% 5000E- 5000f-
0.1 = $ I $ ¢ : : ;> ©to1oronononono ao0of: s000f- a000f-
— = = = - - - - - - - z - : : : - - : 3 :
Y~ ' = = = = = = - = = = - z - - - - z 3000f 3000F 30001
~~ 0 — = = = = = = = = = =z =z =z = =z =z =z = 2000F 2000F 2000f
~ = = E = = £ £ = = = = = = = = = = 1000f- 1000 1000F
(Q E E E‘I E E E E E E E E E E E E E E T 1 Leveelernl NPT T F ol [T PP I P TP PP TN NPT PP 1 " PP T T
= = = = = = = = = = = = = = = = = L oy o R R e ¥ R Ly oo B R v B ¥R oY R RN Qe L
= = = = - - - - - - . : : : : slice13-14 [slice15-16 | slice15-16 [slice17-18 ] slice17-18
= - - - - = = = = - = Entries 81578 Entries 73644 Entries 66712
E E E E E E ; - F Mean -0.01805 Mean -0.01759 8000F Mean  -0.01766
O 2 p— - - - - F StdDev  0.04907 8000 StdDev  0.04591 C StdDev  0.04327
—\U. = - - - . 8000[ Underflow 0 Underflow 0 C Underflow 0
= - : : 7000

2000 2000

IIIIIIIIIIII | 1000 1000

Il III
6 0.08 0.1 0.12 014 0.16

1] (GeV?) ot/t

I

-0.5==

|
O 18 a 1 1 AP P PR S ST Livsaliss 1
. 9% —04 —03 0.2 01 0 01 02 03 04 0.5 Q55% —03 0.2 01 0 o1 02 03 04 0.5 9% —04 —03 0.2 01 0 01 02 0.3 04 0.5
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Impact of Tracking Resolution on Method A

Start with:

ot/t

O

2(%)=0.1 p, 0.5

Pr

delta t/t versus t

0.5

0.4

0.3

0.2

0.1j

0

-0.1

-0.2

-0.3

0.4

-0.5

1< Q2< 10 GeV?2

Precision term seem not matter too much

dtt_vs_t

Entries 7597250

N R

{

i

ﬂ

I

0.01625
-0.0568
Std Dev x 0.03405
Std Devy 0.2097

Mean x

Mean y

0520148 O

0574016676279

0760657 O

0

O rvvvvvvvvvvvrvvvvvnvrnntn b EEEEnnnoooononnao0ooooII0moEnEEEERE R e

E::) -
1O J
o+

o

c:) -

o

6 0.08 0.1

0.12

1] (GeV?)

slice1-2

Entries 6119395

70000

50000

50000

10000

30000

20000
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StdDev  0.2254
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10000
0

(&)

4 -0.3 0.2 -0.1

0
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slice3-4

10000
10%
8000
6000

4000

2000
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Entries 226566
Mean -0.023

StdDev  0.1057
Underflow 19

Entries 116582
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8000

7000

6000
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4000

3000

2000
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A ETRTE ETRT

—%.5 -04 -0.3 0.2 -01
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slice5-6
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8000
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6000
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6000
5000
4000
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slice9-10
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Impact of Tracking Resolution on Method A

9
Start with: —( % ) = 0.1 pr @ 1.0 1<Q?<10 GeV?

Pr

MS term matters! dpt/ptims ~ dt/t

slicel-2 [slice3-4 | slice3-4 [slice5-6 | slice5-6

Entries 6119395 Entries 226566 Entries 139104
: i B e e
delta t/t versus t dtt_vs_t i) ea I e
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5000
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z 20000
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Impact of Tracking Resolution on Method A

O
STAR TPC: —( %) = 0.78 p; & 1.37 1<Q2< 10 GeV?

Pr

slice1-2 |s|ice3-4 | slice3-4 |s|ice5-6 | slice5-6

hc_s_ nosat | delta t/t VerSUSt | dtt_VS_t Entries 6119395 Entries 226566 Entries 139104
Entr;s_2927129 — Entries 7597250 Mean  -0.03484 Mean -0.0151 Mean -0.01267
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Impact of Tracking Resolution on Method A
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Impact of Tracking Resolution on Method A
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Impact of Tracking Resolution on Method A
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The Raison d'etre for do/dt

® Finding the Source

» Sartre used Wood-Saxon as input
distribution

» Basic |ldea: Comparison of extracted WS
with input WS is key to establishing when ¢
resolution Is not good enough

» W/o that there’s no point in measuring
do/dt at all

» Note that with it all nDVCS studies
disappear as well

» VM production still useful for many
saturation studies but there one can look at t
integrated variables (e.g. Q2, Mx, ...)
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Getting Source Distribution from do/dt

e \Worked out in collaboration with Markus Diehl (INT "10):
—i/dAAJ(Ab) d_a = A?2/(1-x) = A2 (f |
= 5 0 77 t = (1-x) = (for small x)

http://www.int.washington.edu/talks/WorkShops/int_10_3/People/Diehl_M/Diehl1.pdf
F(b)
O
® Reach in e+A
» So far do/dt for 1<0.18 GeV?2- sufficient for good result/extraction

» Note that above 0.18 GeV?2 the incoherent background becomes enormously large

® |ssues:
» For integration: Sign flip in Jo(Ab) - need precise position of minima (peaks)

¢ bNonSat
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Method A: F(b) without any smearing

» bSat: method A seem good enough

» bNonSat: as usual slight indication of saturation around b ~0
» Use bSat only from now on

o]
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L Y
S . - e
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0 m 'Ea
107'E wF e
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What matters for 6¢/t

» Q2<0.01 GeV?2

» 1 <Q2< 10 GeV?

ot 5p§_ o 5p7€;
t Pt

\ /

-35<n<—-1.35

&

5t Opt _ dpg 519?

| /p% T\ /

—35<n< -2 |n| < 1.5

D

@

&
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Method A: Photoproduction Q2 < 0.01 GeV?2

O
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Method A: Photoproduction Q2 < 0.01 GeV?2
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Method A: Photoproduction Q2 < 0.01 GeV?2

GPT
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Method A: Photoproduction Q2 < 0.01 GeV?2

0]

2(%)=0.1 p; & 0.5
Pr

Peak finding

coherent hc_s nosat
Entries 1.167722e+07
T 103 = 0 Mean 0.003868
%) E O Std Dev 0.006015
% B O Underflow 0
< 10°E
= - o
S g0l s
S L
D — O
L 1 O
: - 0 D“DDEEDD”DD
> B sll= D|:|
'8 1 . O
10 E I:II:| I:DDdj:\:\jl:‘I:IIj:DE|
- o o D“”DD
107%E k E
- ﬁﬂeﬁ
10_35—
10—4—IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
O 0.02 0.04 006 008 0.1 0.12 0.14 0.16 0.18
It (GeV?)

Verdict: That will do

o
IIII|IIII|IIII|IIII|IIII|III

sartreWS

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16 0.18

it (GeV?)

0.12

0.1

0.08

0.06

0.04

0.02

41



Method A: 1 < Q2 <10 GeV?
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Method A: 1 < Q2 <10 GeV?
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Method A: 1 < Q2 <10 GeV?
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Method A: F(b)
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Detector Requirements and Next Steps

® |n order for this measurement to work:

» The MS terms for the backward (e going) tracking requirements have to be smaller
than the values listed currently in the Handbook

» At least in some fraction of —3.5 < n < — 2 the MS term needs to be < 0.5% and
not 1.0% (2.0%) as currently assumed. That's quite a challenge!

» Precision terms are less important but should not exceed 0.1% as in Handbook

» In short everything worse than 6, /p7(% ) = 0.1 py@ 0.5in =3.5 <5 <1 can
kill this measurement.
® |nteresting note:

» In PRC 81, 025203 (2010) the authors Kowalski and Caldwell studied diffractive J/y
photoproduction for the EIC in e+A and estimated o, /p; = 0.005 - p; & 0.045/B%,

» They envisioned J/yw — u™u
e Next step: p > KTK~
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