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/ Motivation: Space charge accumulation within GEM holes is one of the vital phenomena which affects many of the key working parameters of these. 130 e Vlarlaltlon |Of Ef’fectllve I(lealllrlll _
detectors through its direct influence on the resulting electric field in and around the holes. This accumulation is found to be significantly affected by  |,, - Single GEM, AVgey =470V o
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evolution of detector response. A recent numerical study[1] on the possible effect of charge sharing on space charge accumulation in GEM holes has 100 §_ : g2222 N T . _________ E
motivated us to investigate the phenomenon in greater detail. It has been observed that charge sharing among a larger number of holes allows 5 90 §_ v Case5 v 3
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Accumulation of charges inside the holes results in the modification of the electric field within the GEM foil which in turn can modify the ob
effective gain. A hybrid numerical model based on 2D-axisymmetric capable of simulating avalanches and discharges has been adopted to 0 é_ ..................... :\r"uc;;*f; ::;'C'E::tf;::‘;'I';;"Ta;g:(g;’b:;g'gg;_é
numerically study the space charge effects in GEM detector. This model has important contributions from particle model and geant4 S = AR AP DA DD R O
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Variation of electric field within the hole due to space charge effect
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Space charge effect and detector gain * To see the effeft of space charge pheno.mena ongain,
. : e . . the time at which the electron number is maximum ,
Gain depends on applied GEM voltage or multiplication inside holes. ) ..
. . . . . has been used and changes in electric field have been
Space charge effect is likely to be maximum when electron or ion number is maximum noted Hole top
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Variation of space charge effect with primary cluster widths
Changes in resultant electric field inside the holes due to space charge have been plotted along various lines.
If E,,, = Electric field without space charge effect and E,, = Electric field with space charge effect, then the difference in electric fieldis AE =E,, -E,,o
Variation of AE due to space charge effect along various lines
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¢ Space charge effect increases the field for all the primary cluster cases along the lines top, half-top, centre and half-bottom, whereas the field decreases along the bottom line.
+*** The cases 2 and 4 which are radially elongated (have the highest radial spread); exhibit more charge sharing and are found to have higher fields around the hole bottom.
*** The cases 3 and 5 which are radially shrunk (have the least radial spread) have higher field values towards the hole top but have lesser field value towards the hole bottom.
¢ Since most of the electron multiplication takes place around the hole bottom, cases 2 and 4 have higher gain values.
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* Withincrease in the height of the primary 2 04 Towards the hole top E,, > E,, whereas towards the bottom of the hole E,, < E,_Since,
cluster, AE due to space charge effect 02 most of the multiplication takes place in the vicinity of the hole bottom, space charge effect
decreases. . oo towards the bottom of the hole dominates and as a result, gain decreases due to space charge
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] * Use 3D-hydrodynamic model to simulate the space charge effect more realistically.
Conclusion: % Study space charge phenomena and its effect on detector gain and stability for multi-GEM
+*»* Primary cluster cases which are radially elongated exhibit more charge sharing and structures.
yield higher gain values. Sharing of charges among larger number of holes allows % Study the effect of hole geometry on space charge phenomena.
sharing of space charge effect. As a result, reduction of gain due to space charge effect
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vicinity of the hole bottom and thus gain due to space charge becomes less than gain Reference:
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